Btrla @Zf ntmi Itbwz

- PILANI (Rajasthan)

ClassNe:. 612:0153
BeokNo:. FHIC
Accession No :. l’l [ é 3'




Ace, Jéﬂ@? "

 ISSUE LABEL
Not later than the latest date stamped below.
—— = e







HANDBOOK OF MATERIA MEDICA, TOXICOLOGY,
AND PHARMACOLOGY






HANDBOOK OF MATERIA MEDICA, TOXICOLOGY,
AND PHARMACOLOGY

FOR STUDENTS AND PRACTITIONERS OF MEDICINE

BY

FORREST RAMON DAVISON, B.A,, M.Sc., Ph.D., M.B.

Consultant and Toxicologist, Minncapolis, Minnesota. Formerly Assistant
Professor of Pharmacology in the School of Medicine, University
of Arkansas, Little Rock; Medical Department, The Upjohn Co.,

Kalamazoo, Mich,; Assistant Professor of Pharmacology,
University of Tennessee Medical School, Toxicologist
to University Clinics, Mcmphis,

Tennessee

FOURTH EDITION

With 35 Hlustrations, Including 4 in Color

ST. LOUIS

THE C. V. MOSBY COMPANY
1949



“The use In this volume of certain portions of the text of the United
States Pharmacopoeia, is by virtue of permission received from the Boar:d
of Trustees of the United States Pharmacopoelal Convention. The said
Board of Trustees is not responsible for any inaccuracy of quotation nor
for any errors in the statement of quantities or percentage of strengths.”

“Permission to use for comment parts of the text of the National
Formulary in this volume has been granted by the Committee on Publica-
t:ons by authority of the Council of the American Pharmaceutical Associa-
tion.”

CoryrignT, 1940, 1942, 1944, 1949, By Tur . V. Mossy CoMPANY

(All rights reserved )

Third Edition Reprinted
July, 1944
March, 1945
April, 1946
January, 1947
November, 1947

Printed in the
Uinited States of America

Press of
The C. V. Mosby Company
8t. Louis



To
My Wife

GERTRUDE ERMENTROUT DAVISON

This Book Is
Affectionately Dedicated






‘. . . receiving thankfully all that physiology or chemistry or another
scicnce can give us, let us still hold that that alone is true which is
proved clinically, and that which is clinically proved needs no further
evidence.’’

—38ir James Paget

‘“1f ever the human race is raised to its highest practicable level intel-
lectually, morally, and physically the science of medicine will perform
that service.’’

—Descartes

““What helps the individual patient most is to be taken as the best treat-
ment, for him, whether it be possible or not to analyze its action in
every detail.”’

—Wenckebach

““It is not to be imagined that he should know the remedies of diseases
who knows not their original causes.”’
—Awurelius Cornelius Celsus

‘‘Let us, a little, permit Nature to take her own way; She better under-
stands her own affairs than we.”’
—Michel de Montaigne

““The best inspirer of hope is the best physician.’’
—Samuel T. Coleridge

““A merry heart docth good like a medicine. . . .’
—Proverbs 17:22

‘“Books—to judicions compilers, are useful; to particular arts and
professions, absolutely necessary; to men of real science they are
tools.”?

—Samuel Johnson






PREFACE TO FOURTH EDITION

The aim of this revision is to present again that information about
drugs essential for the student of medicine and the practicing physician;
to present sufficient information about the practical use of drugs to

assist the student in the transition from his preclinical years to clinieal
studies,

The trend today is toward a ecloser correlation between the basie
sciences and elinical medicine. If the therapeutic use of drugs is com-
pletely dissociated from the other drug information, an unavoidable
gap will always exist in the student’s knowledge of these important
substances.

As in former editions, the essentials of pharmacy are presented in
order to prepare the student to administer drugs intelligently. Preserip-
tion writing is again given a place of prominence. TIntelligent drug
therapy is closely associated with the writing of good prescriptions.

The chapter on Toxicology has not been enlarged.  The material, how-
ever, has been revised and reorganized in order to allow for a brief
discussion of industrial toxicology. A knowledge of the fundamental
principles underlying the injurious action of substances used in in-
dustry ix essential to every student of medicine and every practicing
physician.

A characteristic of American medicine has heen the constant search
for new medicines and the development of new uses and methods for
older remedies. Significant new remedies are discussed, including
polymyxin, aureomyein, antihistamines, folie acid, rutin, BAL, anti-
thyroid drugs, newer antimalarials, “‘nitrogen mustards,’’ digitoxin,
blood fractions, radioactive phosphorus, and many more. New informa-
tion on hormones and also on vitamins is given.

The revision of this book has aimed at keeping faith with those who
have honored me by using my previous editions, by presenting useful,
practical, and up-to-date information. The reception accorded the
previous editions has been gratifying and has made the preparation of
this revision a pleasant task.

I wish to thunk many kind readers who have offered valuable sug-
gestions  for improving this edition.  Finally, it is a pleasure to
acknowledge my indebtedness to Gertrude Ermentrout Davison for her
encouragenment and painstaking editorial assistance,

FORREST RAMON DAVISON.
Minneapolis, Minnesota.



PREFACE TO FIRST EDITION

In the following pages I have attempted to present, as briefly as
seems consistent with thoroughness, the information about drugs essential
for the student of medicine and the practicing physician,

In writing this book I have kept in mind two guiding principles:
First, that pharmacology is an integral part of medicine; obviously,
the theoretical study of drugs should not be divorced from the practical
application. Second, there should be a judicious limitation of the sub-
ject matter consistent with its importance in the field of medicine. I
have selected for discussion those commonly used drugs with established
effectiveness, eliminating superfluous material.

Although the important newer drugs have not becn neglected in this
volume, the student of medicine and the physician must remember that
these newer pharmaceutical products supplement, but do not neces-
sarily replace, those preparations the composition, action, and therapeutic
results of which have been established by continued usage over the
years. From the extreme eagerness with which newer untried prepara-
tions meet with approval we might believe that the drugs found in the
U.8.P., the N.F,, and the N.N.R. were of little therapeutic value. It is
admitted that all of the large numbers of drugs and preparations in-
cluded in the U.S.P., N.F., and N.N.R. are not of significant therapeutic
value, thus requiring critical selection by the practicing physician. It
has been my aim, in so far as possible, to present in this volume those
drugs with established therapeutic value.

A classification of drugs which shall answer all purposes has never
been, and probably never will be presented. Guided chiefly by the
needs of the medical student, I have presented a classification of drugs
which should help to simplify, for the student, the rapidly accumulat-
ing mass of information concerning drugs found in medical literature.
The site of action and the therapeutic activity of the various drugs
have been used in the development of the classification presented.
Such a systematic classification has proved very effective in teaching
and provides the student with a background from which a better
understanding of pharmacology can be acquired.

It has been my aim in constructing this volume to present pharmacol-
ogy as an applied subject. Pharmacology should be taught in the class-
room, laboratory, and clinic. Unless the scientific evidence for the
pharmacological action of drugs be directly tied up with the clinical
application of drugs, the student will derive little practical benefit
from his course in pharmacology. Hence I have omitted highly speeial-
ized scientific details, beautiful in their intricacy, but of little value
to the future physician, and have substituted fundamental and practical
applications of drug action.

The role of drugs in the treatment of disease is illustrated by the
large number of prescriptions of merit which are included in the
text. These not only furnish the student with an armamentarium of
drugs for his future use, but also serve as models for prescription
writing. It is felt that a fundamental knowledge of the therapeutic uses
of drugs, supplemented with the ability to write correct prescriptions,
is of value in bridging that gap between the preclinical and clinical
years that so frequently exists.

10



PREFACE 11

A complete bibliography would be inappropriate for a book of this
size, but for the sake of those who wish to do additional reading a
limited number of references have been given at the end of each chapter,

Textbooks represent material supplied by thousands of workers,
hence, it is impossible to assign credit where credit is due. I have
utilized current literature and texts in pharmacology, physiology, bio-
chemistry, and medicine for material used in the preparation of this
volume. Where direct reference is possible, this has been made in the
text.

While the liberal pursuit of knowledge should never be discouraged,
we must face the fact that too often the required time cannot be found
in the medical curriculum to make an exhaustive study of each subjeet;
consequently, I have tried to write a text such as I would have been glad
to have had as a guide while pursuing my training in pharmacology.

I am deeply grateful to Doctors K. A. Siler, R. Gregory, E. L. Wilbur,
and C. H. McDonald for valuable suggestions tending to improve
the scope and value of this work. To my wife, I am deeply indebted
for her assistance and encouragement in writing this book. Finally
I wish to thank The C. V. Mosby Company and Dr. D. E. Jackson,
who have kindly permitted the reproduction of many valuable figures.

FORREST RAMON DAVISON.
Little Rock, Arkansas.
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HANDBOOK OF MATERIA MEDICA,
TOXICOLOGY, AND PHARMACOLOGY

PART 1

CHAPTER 1
THE BASIC PRINCIPLES OF PHARMACOLOGY
Definitions

Pharmacology (Gr. pharmakon, drug; logos, learning or science) is
the science of the action of medicines, their nature, preparation, admin-
istration, and effects. The following divisions of the field are recog-
nized:

PuarmacopyNamics (Gr. pharmakon; dynamos, power), the study
of the action of drugs on living organisms.

PHARMACOTHERAPEUTICS, the study of applying drugs in disease.
Therapeutics ineludes all remedial agents and measures which promote
comfort and well-being, and the healing of the patient, i.e., psycho-
therapy, physiotherapy, dietotherapy, and occupational medica.

Materia Medica (l.. materia, material; medica, medical), that branch
which deals with drugs, their sources, preparations, actions, and uses.

Pharmacognosy (Gr. pharmakon; gnostic, seeking to know) deals with
the origin, anatomical structure, and chemical composition of crude
drugs.

PHARMACEUTICAL CHEMISTRY, the study of the chemistry and the
chemical preparation of drugs.

PuarmAcy, the study of preparing and dispensing drugs for medicinal
purposes.

ToxIicorogy (Gr. tozikon, poison; logos, understanding), the sum of
what is known regarding poisons; the scientific study of poisons, their
alc;.tion, their detection, and the treatment of conditions produced by
them.

What Is a Drug? The United States Pure Food and Drug Act
defines a drug as follows: ¢‘The term drug as used in this act shall
include all medicines and preparations recognized in the United States
Pharmacopoeia or the National Formulary for internal or external use
and any substances or mixture of substances intended to be used for
the cure, mitigation or prevention of disease of either man or other
animals.”’

Scope of Pharmacology

Pharmacology is one of the more recent developments of the
medical and biological sciences. Although closely related to other
sciences, it is neither possible nor advisable to set up too sharp a line
of demarcation between it and other studies, such as pharmacy, physi-
ology, pathology, biochemistry, and internal medicine.

17



18 MATERIA MEDICA, TOXICOLOGY, AND PHARMACOLOGY

Recent progress in pharmacology has been largely dependent on
the applical.,tioﬁ of the great principles which were laid down by those
outstanding pioneers of medicine and surgery—William Harvey and
John Hunter. Such pioneers of pharmacology as Arthur Robert
Cushny and John Jacob Abel have contributed much to the advance-
ment of this science. Since early times our knowledge of the use of
drugs has been obtained as the result of experience and empirical
observation. In some instances ‘‘fortunate mistakes’’ have resulted
in beneficial effects, not only on the individual patient, but also by
suggesting a new method of treatment for fellow sufferers. For
example, Trousseau in 1864 intended to prescribe tincture of digitalis
for a patient suffering from exophthalmic goiter, but acj:ua]ly wrote
down tincture of iodine; the next time he saw the patient, he was
astonished at the extraordinary improvement.

Recently in evaluating remedies, the test of experiment has supple-
mented empirical observation. Every new drug is tested chemically
'and clinically before it is received into the ranks of established
therapeutic remedies. Animal experimentation has played an im-
portant part in the modern advances in pharmacology. Animal ex-
periments are also utilized for testing the toxicity and potency of
all new drugs. This acts as a means of safeguarding human beings
from the dangers of overdosage, and ensures greater dependability
and efficiency of action in treatment.

During the present century chemical research has led to the
discovery of ‘many new compounds and the pharmacological and
physiological actions of many of these substances have been studied.
The linkage bhetween the chemieal constitution and the pharmaco-
logical action has been so closely studied that the pharmacologist can,
to some extent, predict the probable therapeutic action of a drug.
Such investigations as these led Lhrlich to discover salvarsan, and
similar researches on barbituric acid led to the discovery of many
valuable barbituric acid compounds, such as pentobarbital, pheno-
barbital, and others.

The discovery and development of the sulfonamide drugs represent
one of the most dramatic achievements in medicine. The advent of
penicillin, streptomycin, and other products of microbic origin may
prove of even greater importance. It seems of special significance
that several classes of reagents are now competing for supremacy as
anti-infective agents in conditions which were formerly unresponsive to
any type of therapeutic agent. More recently, nuclear physics has
provided procedures whereby the metabolism of a drug can be fol-
lowed by means of so-called isotope-tracer methods.

We must not lose sight of the fact that the great interest of
pharmacology does not lie in its purely biological aspects but rather in
its relation to the treatment of disease. The physician must have
a knowledge of both normal and pathological processes and, with this
knowledge at hand, he must attempt to administer that drug which
will modify the disorganized process or some other physiological
process in order to bring about the desired result in the patient. For
example, drugs may be administered to relieve pain, to induce sleep,
to reduce inflimmation, to contribute to the comfort of the patient,
and for numerous other reasons. Thus, drugs are administered to
enable nature better to counteract the pathological processes present;
to increase or decrease some physiological function in order to
alleviate the sufferings of, or to cure, the patient. Hence, knowledge
of pharmacology is essential for the practice of medicine.
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METHODS OF DRUG ADMINISTRATION

Successful treatment of, disease by drugs depends on a thorough
knowledge of the various methods of administration, and on the
ability to select the most direct channel available to reach the seat of
the disease. Therefore, we must decide whether we desire local action,
i.e., action at point of application, or general action, i.e., systemic
action that occurs after absorption. The effect and success of a remedy
are often determined by the method of administration.

Regardless of ‘the path of admimistration of a drug the remedy
eventually reaches the circulation. The results vary directly with the
rate of absorption. As a general rule the rate of the absorption occurs
in the following order, beginning with the most rapid:

1. Blood stream (vein) 5. Subcutaneous (hypodermic)
2. Inhalation 6. Intradermal

3. Intraperitoneal 7. Oral

4. Intramuscular 8. Skin (local application)

Drugs are usually administered by one of the following methods:

1. Oral Administration.—7This method of drug administration is the
most convenient and the most common method used. Drugs may be
absorbed from any part of the alimentary tract; the rate of absorp-
tion varies greatly with the different portions. Drugs are usually
so quickly swallowed that little absorption occurs in the mouth. The
oral route is the best route for drugs intended for local action on the
upper digestive tract. Absorption from the stomach varies with the
form of the drug, the solvent, and the amount of food in the stomach.
To act directly upon the stomach a drug should be given before meals.
Drug absorption is most rapid from the small intestine; here the con-
ditions are very favorable for absorption—an extensive surface, long
sojourn, folds, villi, and segmental movements. To insure direct ac-
tion upon the intestine and to avoid the action of gastric juice, a drug
may be given in the form of a pill coated with salol. When, however,
the drug deranges digestive functions, causes nausea and vomiting, or
produces gastric inflammation or ulceration, or when digestion .destroys
the remedy, then other routes of administration are indicated.

Drugs taken by mouth generally pass through the portal circulation
and through the liver before entering the systemic circulation. The
other routes result in more direct absorption into systemic circulation,
thus by-passing the liver which may store or destroy all or part of the
drug. Consequently oral doses are usually larger than for other routes.
Furthermore, drugs given by routes other than by mouth, may produce
an increased sensitivity, as no storing or detoxifying action by the liver
is present.

2. Rectal Administration.—This means of administration is used
to obtain both local and general effects, and for exciting evacuation.
If a drug cannot be given by mouth, because of nausea and vomiting,
or because of a desire to limit peristalsis, it may be administered
by rectum, either in the form of enemas und suppositories, or as medi-
cated saline solutions.

The rectum is a good absorbing surface for many drugs.» The
rectal dose is often the same as, or smaller than, that for oral ad-
ministration, but no fixed ratio exists between oral and rectal dosages.
The remedy ‘is introduced through a rectal tube which is inserted
about 10 inches. After the material is injected the rectal tube is
slowly removed. Salts and narcotics are absorbed more rapidly
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from the rectum than from the oral route. Glucose solutions are often
administered by the rectal route. Certain drugs, such as tribromo-
ethanol and ether-in-oil, are regularly given by this route. Drugs
administered by rectum may, by retroperistalsis, be carried back as
far as the cecum and thus be absorbed by the colon. Rectal adminis-
tration is unesthetic and is prone to produce proctitis.

Parenteral Administration

Parenteral administration is the administration of drugs under the
skin or mucous membrane. The medicinals used should be sterile and
free from pyrogens. Parenteral solutions must be given with aseptic
precautions. .

3. Subcutaneous Administration.—Subcutaneous administration is
of more recent origin and is widely used. By this method drugs
are injected through a fine hollow needle into the subcutancous tissue.
Drugs administered in this manner are promptly absorbed through
the lymphatic or blood capillaries into the systemic circulation.

The majority of parenteral injections are given subcutaneously.
The tendency to severe and dangerous reactions are much less than
with intravenous injections although the chance of infection is some-
what greater. TUnless the drug is irritating or must be injected
directly into the blood stream to be effective, the subcutaneous route
ic the one of choice.

Procedure: 'The skin is sterilized, drawn taut, and the needle (gauge
24 to 26) quickly inserted. It is best to withdraw the plunger slightly
after the needle is inserted, and before the injection is made, to make
sure the needle has not entered a vein.

Hypodermoclysis (subcutancous infusion) is the introduction of large
amounts of a drug, usually in physiological saline or some other isotonic
solution, into subcutaneous tissue,

4. Intravenous Injection.—\When immediate action is indicated, a
drug may be given directly into the blood stream; for instance, the
administration of strophanthin in case of acute cardiac dilatation.
Doses under 20 cc. may be rightfully considered as intravenous, while
the term infusion is used for larger doses usually administered by a
‘¢gravity apparatus.’’ The advantages of this method are:

a. Instant action.

b. More accurate adjustment of dosage.

c. Avoidance of gastrointestinal irritation.

d. Avoidance of subcutaneous and intramuscular irritation, i.e., ir-
ritation caused by tartar emetie.

The disadvantages of intravenous injection are:

a. Adverse reactions due to altering of equilibrium of blood col-
loids.

b. Certain substances incompatible with blood, e.g., acids and
metallic salts,

c. Drugs must be in solution.

d. Necessity for surgical technic,

The toxicity of a drug may be greatly reduced by having it well
diluted and by injecting it slowly. The intravenous dose is usually
smaller than the oral dose. Intravenous injections are usually made into
the antecubital veins. Method: A tourniquet is applied over the upper
third of the arm to produce vemous stasis. The needle is then intro-
duced aseptically; the plunger is drawn buck and as soon as blood
appears the needle is inserted from 0.5 to 1 em. within the vein, the
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tourniquet is loosened, and the solution injected slowly. If a chill
follows the injection, the patient should be warmly covered. In severe
reactions subcutaneous injegtion of 0.5 cc. (7 minims) of epinephrine
solution may be indicated.

In case the veins of the forearm are not available, the superficial
veins of the hand or foot, the femoral vein, or the jugular vein may be
used. In infants the jugular vein may be used and in extreme cuses
the longitudinal sinus of the skull. Accidents are rare with most sub-
stances, and there should be no hesitation in using intravenous adminis-
tration if this route is indicated.

Intravenous infusions are given when immediate nced of fluid or
nourishment or when the special effects of hypertonic or hypotonic
solutions are indieated. Physiological saline, with or without glucose
or hypotonic sodium chloride (0.5%) or hypertonic sodium chloride
(15% ) are often used.

Five hundred cubic centimeters of fluid may be given in from 15 to
30 minutes, or even larger amounts if given by continuous drip over
several hours.

5. Intramuscular Administration.—In this method, deep injection
is made of oily or aqueous solutions of irritant drugs into the skeletal
muscles, preferably the deltoid, gluteal, or lumbar muscles. Absorp-
tion is prompter than after subcutaneous administration, and there
is less hiability of abscess formation or necrosis, due to great vascu-
larity. In making an intramascular injection the needle attached to
the syringe should be plunged into the muscle. Before expulsion ome
should aspirate to be sure the tip of the needle is not in a vessel. The
technic of administration is essentially the same as in subcutaneous
injection. A 22-gauge necedle about 2 inches long is used.

6. Intraperitoneal Administration.—This form is indicated in small
children who have small veins, or those too old for sinus puncture,
the fontanels having closed.

Method: Under sterile conditions a small slit is made in the skin
of the abdomen a little below and to the left of the umbilicus; then a
dull needle is introduced through this slit. Bladder should be empty
to prevent puncture. Solutions of saline and dextrose up to 300 ce.
may be introduced.

7. Intramedullary Injections.—IDrugs administered by injection into
bone marrow spaces by this route are absorbed rapidly, about as
rapidly as by the intravenous route. It may be used for the infusion
of liquids, and in infants for puncture of the femur or tibia. There
is some danger of fat embolism and osteomyelitis.

8. Subdural Injections.—Subdural injections, also called subarach-
noid or intrathecal injections, mean introduction of material into the
cerebrospinal fluid. This method is used if the drug is to act directly
on the spinal cord or on nerve roots as for spinal anesthesia. It is
used also for colloidal drugs that do not penctrate the nervous tissues
from the blood, e.g., arsphenaminized serum in cerebral syphilis.

a. Lumbar Puncture—For this injection the patient should lie
horizontally upon one side, the skin should be thoroughly cleansed with
tincture of iodine and alecohol, and the needle pointing directly forward
and slightly cephalad is introduced in the midline between the third
and fourth lumbar vertebrae. The fourth lumbar vertebra may be dis-
tinguished by the fact that it is crossed by a line drawn between the
two postiliac spines. A pressure greater than 200 mm. of water is
to be regarded as abnormal. Estimate pressure only when patient is
lying down; the pressure is higher when in an upright position, It is
advisable to withdraw the spinal fluid slowly. For therapeutic purposes,
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in the presence of incrcased spinal fluid pressure, not more than 20 cc.
(in children 5 to 10 ce.) should be withdrawn, and the pressure should
never be lower than 100 mm. o .
b. Cistern Injection.—This procedure requires no hospitalization, is
easier for the physician, and has no undesirable effects. The patient
sits with head flexed and supported on a pillow, then the needle is
introduced just above the margin of the spinous process of the epis-
tropheus (second cervical) through the lignmentum nuchae along the
arch of the atlas to the forumen magnum and then through the dura
into the cisterna cerebellomedullaris,
c. Ventricle Injection.—This procedure consists in trephining, under
anesthesia, then the introduction of a cannula into the lateral ventricle.
9. Inhalation Administration.—This method is used for certain
highly volatile drugs, e.g., ether, chloroform, and nitrous oxide. These
are readily absorbed through the mucous membrane of the respiratory
tract. The systemic action of these drugs is regulated by the con-
centration of the medication in the inspired air. The rich capillary
area of the alveoli presents an excellent absorbing surface. Less
volatile drugs are sometimes inhaled 1or their local action, e.g., medi-
cated steam. Nonvolatile, finely divided substances may be absorbed
from the respiratory tract sufficiently to develop a general action.
Inhalation has been used with some success for the administration
of the sulfonamides and the antibiotics and for drugs used in the
treatment of asthma.

Topical Administration

10. Local Applications.—Drugs may be applied directly to the skin
or to mucous membranes. The vehicle and the method of application
play an important part in the success of this type of medication.

Drugs may be administered to the skin, wounds, and mucous mem-
branes in the form of ointments for prolonged action and protection;
as plasters for prolonged action, protection, and mechanical support;
in solutions for antiseptic purposes and moist dressings, and finally
as dusting powders and poultices. Absorption from the skin is poor
and uncertain. The lining of the sweat glands and the hair follicles
offers the chief route of absorption for drugs in the normal skin.

a. Inunction Administration.——Inunction, or the introduction of =a
drug through the unbroken skin, in the past wus frequently employed in
the administration of mercury. Two other drugs, however, belladonna
and codeine, may be profitably administered by this mecthod. Mercury,
adwinistered by inunction, 1s often used in the treatment of syphilitic
infants. Belladonna may be employed as a means of stopping lacta-
tion in a mother who is weaning her child.

b. Intracutaneous Injections.—These are injections made into the
skin, and are used for making diagnostic skin tests, and also for local
‘¢infiltration anesthesia.’’

c. Subnasal Injection.—This means injection under the mucous mem-
brane of the nasal septum, This gives rapid absorption (approaching
the intravenous route).

d. dpplication to Mucous Membranes.—Aqueous solutions of drugs
are generally used because oily liquids are rarely absorbed by mucous
membranes. Warm isotonic solutions should be used and applied
frequently.

e. Nasal Medication.—Gases, sprays, irrigations, and powders may be
administered to the nasal mucosa. A warm fluid may be dropped in by
means of a medicine dropper. Oils may be used for oil-soluble rem-
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edies, The practice of administering oily nose drops has met with dis-
favor because of the possibility of producing a lipoid pneumonia.

Irrigation with large quantities of fluid is quite effective but care
must be exercised to use fluid under low pressure, otherwise there is
liability to infection by way of the eustachiun tube. A mixture consist-
ing of 25 per cent each of lanolin and petrolatum forms a useful base
for nasal ointments.

Nasal medicaments, to be in line with present-day standards, should
be isotonic, have a slightly acid reaction (pH (.2), and ke buftered to
preserve the mormal acid reaction of the nasal mucosa, to restore and
preserve ciliary activity (Fabricant, 1942).

f. Oral and Pharyngeal Administration.—Troches, mouthwashes,
gargles, irrigations, and local applications are the most common forms
of medication used. I'roches are slowly soluble medicated candies that
have a soothing effect on the mouth and throat, Mouthwashes are usu-
ally sweetened solutions of alcohols, soaps or mild disinfectants, flavored
with peppermint, cloves, etc., to make the taste more pleasant. They no
doubt have little antiseptic value and are beneficial only as mechanicul
agents to remove foreign materinl. Gargles are usually astringents and
are of value for adults if reully brought in contact with the diseased
tissue. Irrigation is especially valuable in treating children with
scarlet fever. In this treatment a warm physiological saline solution
is run back into the cluld’s throat as it lies, face downward, on the
nurse’s lap. 'These irrigations are made between respirations.

g. Urethral Administration.—Lotions and suppositories are used in
the urethral administration of drugs. Mild louons may be used only
on urethral mucosa. Small amounts may be administered to certain
portions of the urethra, e.g., in chronic posterior urethritis, Large
quantities may be used in urethral irrgations in late gonorrhea., Sup-
pusitories of medicated glycerogelatin, which melt soon after applica-
tion, are often used in venereal prophylaxis.

h, Vesical Medication.—1rrigation of the bladder is used in chronic
cystitis, As a rule a catheter is introduced, under sterile conditions,
until urine escupes, then 100 to 200 cc. of fluid are injected into the
bladder and left in for a few minutes.

i. Vaginal Administration.—Lotions, douches, and irrigations are
commonly used in vaginal medication. The vaginal membrane is not
easily irritated and will tolerate a fairly strong disinfectant, but since
the vaginal mucosa readily absorbs drugs, care must be exercised in the
choice of medication used.

In the healthy woman medication, such as douches, ete., is unnccessary,
as the normal secrction and flora tend to promote cleanliness. A pro-
longed hot douche (105° to 115° F.), for 20 to 30 minutes, improves
the circulation in the pelvic organs, hastens absorption of the ex-
udate, and aids any inflammation of the parts,

Ulcers, erosions, and bleeding areas may be painted with 5 per cent
silver nitrate.

j. Conjunctival Administration.—Only mild agents may be used in
the conjunctival sac, but strong remedies are used locally, IKye lotions,
such as 2 per cent boric acid, are used. Subacute or chronic con-
junctivitis is often treated by using a 1:1,000 solution of zinc sulfate
in 1 per cent sodium chloride.

Eyedrops commonly used are composed of 0.5 per cent atropine in an
aqueous solution of 0.25 per cent salicylic acid. Eyebaths arg carried
out by using a 3 per cent boric acid solution and a suitably shaped
eyecup. Eye compresses are indicated in the treatment of inflammatory
processes of the eyelid, e.g., hordeolum. Eye salves or ointments are also
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of value in the treatment of the eye. For example, petrolatum may be
of value in preventing the eyelids from sticking together and yellow
mercuric oxide ointment is valuable for preventing the recurrence of
hordeolum.

ABSORPTION, DISTRIBUTION, FATE, AND EXCRETION
OF DRUGS

ABsSorPTION.—The time required for absorption of drugs into the
body ranges from a few seconds, e.g., amyl nitrite, to several weeks,
e.g., lead. The rate of absorption depends to a certain extent upon such
factors as the solubility and diffusibility of the drug, and the health
and permeability of the tissues through which the material passes. The
site of administration and the efficiency of the circulation also in-
fluence the rate of absorption.

Drugs are most rapidly absorbed from serous surfaces such as
those of the pleura and peritoneum. 7The subcutaneous tissues are
next in efficiency, followed by the mucous membranes of the gastro-
intestinal tract.

When drugs are given by vein the factors concerned in absorption
are eliminated and in most cases the action of the drug is immediate.
Few drugs readily penetrate the skin. Certain fatty vehicles, how-
ever, greatly enhance cutaneous absorption. Drugs are rapidly
avbsorbed when injected into muscular tissue.

A drug must be soluble before absorption takes place. Many drugs,
which are apparently insoluble, are made more soluble after adminis-
tration. For example, protamine zinc insulin, which is an insoluble
suspension, gradually passes into solution in subcutaneous tissue, and
absorption proceeds slowly over a long period of time.

Vascularity at the site of drug administration is an important
factor influencing the rate of absorption. Inadequate circulation
greatly retards absorption. Epinephrine, incorporated in injections,
produces vasoconstriction and thus retards absorption. On the other
hand, hyperemia aids absorption of drugs.

DiISTRIBUTION.—After absorption in the blood stream the drug passes
into the body fluids. Certain cells, according to their permeability and
physical and chemical affinities, seem to attract drugs and will con-
tain a higher concentration of that drug than do other tissues of the
body. The digitalis glucosides are stored in much higher concentration
in the cardiac muscle than elsewhere in the body. Lead is precipitated
in bone, arsenic is stored in liver. Alcohol is fairly uniform in its
distribution in body tissues. Sulfanilamide is an excellent example
of a drug which is distributed throughout all the body fluids.

FATE oF DRuGs.—After absorption in the body drugs ure more or
less changed; some are rendered less harmful while others become
more toxic. Some are rendered more effective therapeutically, e.g.,
sulfanilamide. The changes produced are effected by oxidation,
reduction, decomposition, hydrolysis, cumulation, or by combination
with other substances (synthesis).

The body employs various synthetic methods to deioxify drugs: (1)
combination with glycocoll, e.g., benzoic acid; (2) combination with
sulfates, e.g., phenol; (3) combination with glycuronic acid, e.g.,
sodium salicylate. The liver is the chief organ of defense against
the absorption of toxic substances from the gut. It detoxifies many
substances and fixes other substances which it cannot detoxify. The
ability to fix toxic materials is one reason why large quantities of
many poisons produce serious liver injury. The kidneys also store,
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excrele, and even synthesize drugs. For cxample, in the kidneys benzoic
acid and glycocoll form hippuric acid.

ExcrerioN oF Drugs.—Jlhe most common methods of removal of
drugs are by excretion through the urine and feces, and with volatile
drugs through the lungs. Excretion, like absorption, is usually more
rapid with volatile and diffusible substances and with substances
soluble in water. However, the specific chemical nature and affinity
of the drug greatly influence rate of excretion. Drugs are excreted
either unchanged or as simpler chemical compounds or 1n combination
with some products of the organism. For example, ether is excreted
by the lungs apparently unchanged. In the saliva are excreted small
smounts of mercury, iodides, lead, potassium, menthol, morphine,
quinine, ete. Morphine is excreted chiefly by the stomach and intes-
tines; strychnine is excreted in the urine. Iodides, bromides, borates,
phenol, salicylates, antipyrine, arsenic, mercury are some of the drugs
excreted by sweat. The rapidity of excretion is proportional to the
circulation and to the functional activity of the excretory organs, but
may be modificd by factors which affect these organs.

Many organic substances, such as alcohol, chloroform, and
methenamine, pass to the cercbrospinal fluid and oceur there in about
the sume concentration as found in serum. Inorganic substances are
found in only minute quantities.

The following more important drugs have been demonstrated as
passing to the fetus: chloroform, ether, carbon monoxide, atropine,
morphine, scopolamine, chloral, quinine, benzoic acid, aleohol, nitrate,
urea, arsenic, mercury, potassium iodide, and potassium bromide.
Colloidal materials do not pass through the placenta into the fetal cir-
culation.

MECHANISMS OF DRUG ACTION

No ready explanation is available to enlighten us on the manner
in which many drugs exert their actions. Obviously, some drugs may
exert their effects on a physical basis, e.g., the action of bismuth
subearbonate given in diarrhea coats the mucous membrane of the
bowel and soothes and proteets it. Drugs may act chemically, e.g.,
neutralization of gastric acidity by sodium carbonate. The efficacy
of mercuric chloride as an antiseptic lies in the ability of the mercuric
ion to precipitate the bacterial protein.

Many drugs are active by virtue of their ability to interfere with
some metaholic process ecssential to the normal activity of the cell.
It is now known that many chemicals, such as the sulfonamide drugs,
act by interfering with useful metabolites, particularly vitamins,
through competition involving similarity of chemical structure. Ephe-
drine inhibits the destruction of sympathin by combining with the
enzyme amine oxidase,

Certain drugs exert their action by supplying an essential cell
constituent, e.g., vitamins, hormones, minerals, and others. Of great
significance is the fact that certain synthetic compounds can sub-
stitute for natural ones in the body, such as diethylstilbestrol,
menadione and methacholine.

Many theories have been advanced to explain the mechanism of
other and other drugs on the central nervous system—none are satisfac-
tory. We do not know how digitalis stimulates the fibers of the heart
nor why pilocarpine has an affinity for secretory nerve endings.

Most of the current theories regarding the mechanism of drug action
involve surface phenomena, including surface tension, polarity template
offects, blocking effects, and competitive effect involving essential
metabolites in complicated enzyme systems. Unfortunately space will
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not permit an exhaustive review of these studies, and probably suc]x
information would be of little practical value to the average practi-
tioner.

An important point for the physician to remember is that drugs pro-
duce their activity on the living organism by increasing or decreasing
one or more functions. A drug tends to affect the extent of a cell’s
activity quantitatively but not qualitatively. Thus no drug can cause
a salivary gland or a mammary gland to sccrete gastric juice, the only
effect being either to stimulate or to depress their normal activity. The
degree to which drugs stimulate or depress can be controlled by dosage.
The physician should always aim to secure from medication the degree
of stimulation or depression that the circumstances warrant. No drug
should be administered unless there exists a clearly defined physiological
need for the specific action that that particular drug will produce.

Selective Action of Drugs.—The action of drugs is greater on
some tissues than on others. Thus, some act on the heart only, others
on the central nervous system, while others act on the terminations
of motor nerves of muscles. This difference may be quantitative,
but in some instances may be specific, e.g., a drug may have a power-
ful action on the brain but may have no effect on the heart. A drug
may act entirely different on various structures. For example,
atropine stimulates the brain but it depresses certain nerve endings;
curare stimulates the spinal cord but paralyzes motor nerve endings.

Our present knowledge offers no explanation for the highly selective
action which characterizes many of our important drugs. Because of
this ‘‘selective action’’ it is often possible to treat one tissue without
interfering with the function of others.

The complexity of the reactions taking place in cells is described in
the following words by Sollmann:

¢“The living cell may be considered a very complex laboratory, where
chemic decomposition and syntheses, reductions and oxidations, etc., are
constantly going on. These chemic chunges lead to transformations of
energy which find expression in the phenomena of life. The vital
manifestations of the cells are, therefore, inseparably connected with
physicochemical transformations, which require for their occurrence the
existence of certain chemic and physic conditions. The chemic es-
sentials are: the presence of substances capable of liberating energy,
and the conditions suitable for their reactions, such as a proper tem-
perature, alkalinity, presence of ferments, ete. The physical conditions
of life are: a viscid medium, containing colloid proteins, salts, fats, and
water.’’

We must conclude that the activity of drugs depends on a large
variety of factors, and that pharmacological action cannot be completely
explained by any one physical or chemical process.

CONDITIONS MODIFYING DRUG ACTION

The conditions that modify the effects of drugs on the living
organism should be recognized by the physician and the dosage ad-
justed accordingly. The following are some of the important condi-
tions which modify drug action:

1. Dose.—The pharmacologic response obviously tends to increase
with the concentration of the drug, but not generally in simple
proportion. The minimal therapeutic dose is the smallest amount which
will produce a therapeutic effect. The mazimal therapeutic dose is the
largest amount that can be tolerated without toxic effects. ~ The
therapeutic dose lies somewhere between the maximal and minimal doses,
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2. Solubility of Drug.—Only soluble drugs can be absorbed and
cause general action; local action of drugs may occur without ab-
sorption. .

3. Bize and Weight.—A very large individual requires a larger
dose than persous of average weight, while smaller individuals re-
quire smaller doses than a person of normal weight. The proportions
of fat and muscle should be taken into consideration. Very obese
persons, though heavy, react usually like those of lesser weight,
but more muscular. Fat persons may require a greater amount of
lipoid soluble drugs than their weight would indicate. Pathological
growths or collections of fluids do not indicate a change in dosage
but a person so afflicted should receive an amount based on his natural
weight.

4. Age.—Children and the aged should receive smaller doses than
young adults, as they are usuully more susceptible to the action of
drugs. There are, however, exceptions to this rule; for example,
children usually require more digitalis than the dosage rules indicate,
while older persons often react to atropine, developing a type of
atropine psychosis.

5. S8ex.—Women generally require smaller doses than men, due
chiefly to their smaller weight, and in part due to their different physical
and mental make-up. Certain drugs may have a direct or indirect in-
fluence upon the menstrual function of the female. Pregnancy may
necessitate a change in the dose of a drug and also alter the response
of the female to the drug. During pregnancy and lactation great care
should be exercised in the administration of purgatives, diuretics, and
very active drugs. \Women may respond to opium and its derivatives
with excitement instead of depression.

6. Idiosyncrasy to Drugs.—Idiosyncrasy means any marked in-
dividual difference in reaction to drugs. A. F. Coca states that there
is practically no basic difference between drug allergy and other
forms of idiosyncrasy. The basic processes are probably similar
or identical.

More recently, evidence has been brought forward to indicate that
drug idiosyncrasy may he of an allergic, or, in some instances, that
of a nonallergic, nature. The untoward reactions of acetylsalicylic
acid appear to be allergic in all instances, and a large number of the
sulfonamide and penicillin reactions appear to be on an allergic basis.
There is rcason to believe that a variety of drug idiosyncrasies may
depend on nonallergic factors, and in many cases some drugs may pro-
duce both allergic and nonallergic types of toxic reactions.

The following provisional criteria has been suggested by C. A.
Dragstedt (1947).

1. ‘“An allergic basis seems to be indicated when the pattern of
the toxic reaction is consistent with that of the allergic disorders
produced by antigenic agents. This means that reactions character-
ized by urticaria, dermatitis, angioneurotic edema and asthma are
probably allergic in character; that reactions characterized by
jaundice, acute yellow atrophy of the liver and optic atrophy are
probably not allergic, while granulocytopenia, anemia, thrombocyto-
penia and polyneuritis may well be one or the other.

2. ‘“An allergic basis seems to be indicated when a priming or
sensitizing administration of the drug appears to be a factor in the
history, while a nonallergic basis seems to be indicated when either
long-continued administration or the use of substantial doses appear
of major importance.
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3. ‘“An allergic basis seems to be indicated when the untoward
reactions are alleviated by epinephrine, diphenhydramine hydro-
chloride (‘‘benadryl hydrochloride’’ N.N.R.) and similar agents,
whose ameliorating effects are most reasonably interpreted on the
basis of an antiallergic effect. A nonallergic basis seews to be 1'11(].1-
cated for those reactions which are alleviated by ascorbic acid, folic
acid, thiamine and other agents whose ameliorating effect is not
reasonably credited to an antiallergic effect.’’ )

A person who is sensitive to various drugs may react to entirely
different drugs pharmacologically with the same symptoms. A persou
allergic to one drug is likely to be sensitive to many drugs. This
type of person is usually made worse by all forms of medication.

Drugs may cause reactions following absorption through direct
contact with the skin, but most drugs exert their action after pene-
tration of the tissues. The symptoms may be similar to those found
in the common allergies, including fever, edema, skin eruptions,
urticaria, asthma, coryza, migraine, gastrointestinal upset, and occa-
sionally shock. Some drugs produce characteristic symptoms of their
own which aid in diagnosis. The patient’s individual make-up and
the route of administration influence the nature of the symptoms.

The drugs which are most liable to produce untoward reactions in-
clude aspirin, quinine, the arsphenamines, aminopyrine, sulfa drugs,
cinchophen, sultur, barbiturates, sulfocyanates, iodine, and many
more.

There is no relinble diagnostic test for drug allergy. Skin tests
are unreliable, with the possible exception of plant drugs, aspirin
and quinine. The ophthalmic test, made by instilling one ‘or two drops
of a solution of the drug to be tested in the conjunctiva; is more re-
liable. The simplest treatment is to avoid the offending drug. A sub-
stitute may be employed, but sensitization to the substitute may
occur. Desensitization may be successful. Acute symptoms may be
temporarily relieved by epineplrine and its related compounds.

7. Tolerance.—Tolerance is the acquisition of a relative insuscepti-
bility to the action of a drug. This ability to endure the continued
or increasing use of a drug may be due to nonabsorptiod, to de
struction of the drug, to increased elimination, or it may B due to
production of antibodies. Tolerance is, with some individuals, readily
established for such drugs as opium, cocaine, coal tar derivatives,
aleohol, and tobacco.

a. Congenital tolerance is the failure of the individual to react to
the normal dose of a drug. An example is the tolerance shown by rab-
bits for large quantities of atropine.

b. Acquired tolerance is a form of tolerance induced by prolonged
use of a drug. The most familiar example of this form of tolerance
is that acquired for tobacco (nicotine). The prolonged use of opium
develops a tolerance for the drug. Tlus tolerance usually is lost if the
drug is discontinued for some time, then upon continuing the use of the
drug a smaller amount is sufficient to produce the same degree of action
as was produced when use of it was stopped. Prolonged use of
one drug may establish tolerance for others of the same class. Chronie
alcoholics are little affected by average doses of alcohol, and they are
more resistant to ether than are ordinary persons. This action is ex-
plained as being due to the similarity of action of alcohol and ether on
nerve cells.

8. Symergistic Action.—Certain drugs having the same therapeutic
action, when given together, produce a enmbined effect greater than
the summation of their individual actions. This greater combined
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action is called synergistic action, and the drugs which act in this
manner are called synergists. Purgatives, anesthetics, and narcoties fre-
quently evidence synergistic effects. Several purgatives given to-
gether may act more effectively than any one given in quantity equal to
all of them. This may be partially explained on the basis that there is
some difference in the type of reaction produced, thus making the
mixture more efficient than any one of its components.

9. Antagonistic Action.—Some drugs when used together seem to
have their effects partially or wholly neutralized. The drugs which
produce this action are called antagonists and should not be prescribed
together. Opium preparations and vegetable cathartics exert antag-
onistic effects on the intestines, atropine neutralizes the effect of pilo-
carpine on sweat glands, and caffeine neutralizes the depressive effects
of morphine. In poisoning, the antagonistic action of drugs is made
use of to prevent or neutralize toxic action. In poisoning from a de-
pressant a stimulant should be administered.

10. Cumulative Effect.—This is a condition characterized by sudden
pronounced manifestations of drug action following the administra-
tion of a number of doses of drugs over a period of time. It may
be due to accumulation, to irregular absorption, summation of effects
from repeated doses, or he due to a general decrease in resistance
or ability of the body to handle the drug. Some of the drugs which
produce temporary cumulative action include digitalis, atropine,
strychnine, arsenic, and iodides.

11. Habituation.—ITabituation usually lessens the pharmacologic
effect of drugs; however, in a few cases, e.g., cascara, the action in-
creases with use. In some cases the tissues become adapted to the
presence of certain drugs and are unable to function properly with-
out them. This condition is well illustrated in cases of opium, heroin,
and cocaine addiction. Habituation may be functional, as suggested
for marihuana; or it may be due to diminished absorption, as shown
by arsenic; or the condition may be due to incrensed elimination,
as with atropine; or due to increased destruction to the poison, as
with morphine; or finally, habituation may be due to the production
of antibodies. Habituation may be largely psychic in habit-forming
drugs; here the nerve centers are adjusted to the action of a drug
and when this drug is withdrawn there follow symptoms of extreme
discomfort.

12. Speed of Administration.—The speed or rapidity of administer-
ing drugs may spell the difference between life and death. Any drug
administered by vein should bhe properly diluted, and given very slowly.
Quinine solutions, when indicated in malaria, should be administered
very slowly and in dilute form when administered intravenously; other-
wise they may produce a stoppage of the heart. Many ill effects of
salvarsan, following intravenous injection, are due to rapid injection.

13. Time Element in Drug Action.—The time element plays an im-
portant role in pharmacological action. Taking into consideration the
effect of both time and concentration on drug action Hubner made
the following generalizations. He divided drugs into three groups.

Grour I. In this group pharmacological reactions may be expressed
by the equation:

W=¢
W Action of drug
C Concentration (dosage)
T Time element
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The drugs of this group exert their action without special reference
to time (T). Ezample—Fther: In order to induce general anes-
thesia ether must be inhaled in a concentration which induces a definite
tension of the gas in the blood, sufficient for anesthesia of the brain.
For light anesthesia the concentration of ether in the respired air must
be 6 per cent by volume, for deep anesthesia 10.5 per cent. The action
of ether is directly proportional to the concentration in the blood or to
the tension of the ether vapor in the blood.

Group II. In this group of drugs the action may be expressed by
the following formula:

W=CxT

The toxicity of these drugs is increased in proportion to length of time
administered. :

Ezample 1. Chloroform anesthesia requires a given concentration of
gas in the respired air; general ancsthesia cannot be safely maintained
more than one hour. The action of the drug (W) is proportional to its
concentration (C) in the blood and also is increased with the time (T)
over which it is administered.

Ezample 2. Digitalis cannot be administered indefinitely. Active
principles of digitalis form chemical combinations with the cardiac
muscle. These combinations are slowly destroyed; after saturation of
the muscle additional doses produce toxic rather than therapeutic results.

Ezample 8. Mercurochrome’s antiseptic action is exerted over a
long period of time because of the presence of the free drug in the deep
stain. There is no chemical action between tissues and the drug.

Group IIL.- In the third grour of drugs the action may be expressed
as follows:

C

W = T

potency of the drug,iit decreases it inversely to the length of time
over which it is adminitered.

Ezample 1. Arsenic may be taken in small doses producing habitua-
tion, but large doses are required to produce a pharmacological effect.

Ezample £. Iodine, as an antiseptic, is powerful at first, but its
bactericidal effects rapidly diminish. The decreased action is inversely
proportional to the time elapsing after it is administered.

14, Route of Administration.—The glucoside amygdalin, given by
injection, produces no harmful effects; when it is administered orally
(in_the rabbit), the glucoside is hydrolyzed, setting free hydrocyanic
acid which usually causes death. o

Magnesium sulfate, administered orally, is: & useful saline cathartic;
given by vein, or even subcutaneously, thete is produced a powerful
depression of the central nervous system. !

It is important to remember that the route of administration pro-
foundly modifies the dose effect. Absorption is slow through the
skin and most rapid when the drug is given by vein, '

15. The Subject to Which a Drug Is Administered.—The student of
pharmacology must learn that data obtained from animals cannot be
applied, without reservation, to man. For example, a rat and mouse
react differently to morphine; a toad is more resistant to digitalis
than a frog. Organs may vary in their response to drugs; epinephrine
produlces contraction of most hlood vessels but dilates the coronary
vessels.

Here the time elemept is involved. Instead of time increasing the
%i
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Racial differences influence drug action, e.g., castor oil is used as a
food in China; ephedrine dilates the pupil of the yellow race but the
mydriasis produced is slight in the white race. Animals react dif-
ferently to drugs; e.g., a rabbit requires 50 times as much morphine
to produce poisoning as is required for a man; a goat is resistant to
nicotine; a hedgehog is resistant to snake venom and even hydrocyanic
acid. These drugs are lethal for most warm-blooded animals.

16. Temperature.—Temperature influences drug action, the effect of
most drugs being more intcnse at higher temperatures. Kassa found
that he could inject cyanides into a rabbit’s ear with no ill effects at
low temperatures, but poisoning resulted at warm temperatures.
Pigeons, when cold, are little affected by morphine and apomorphine, but
vomit when brought to a warmer temperature. Colchicine is not poison-
ous to a frog kept on ice, but poisons the frog when the animal is
brought to a warm, dark room. This is due to the formation of
oxydicolchicine. Purgatives act more effectively in hot weather. Anti-
pyretics tend to reduce the temperature of the body in fevers, while
under normal conditions they are usually ineffective.

17. Bacteria and Enzymes.—An important role may be played by
bacteria and enzymes. Bismuth poisoning may result from bacteria
or enzymes acting on the insoluble salts, forming toxie soluble bismuth
compounds.

18. Disease and Pathological Conditions.—Disease and its associated
symptoms are often important factors in determining the dose of a
medicine, and the frequency of its administration. For example, if
the routes of excretion are altered by disease the repetition of the dose
need only be at comparatively long intervals. Response to drug action
in the diseased state is varinble. Bromides lessen nervous irritability
in epilepsy to a greater extent than they do in the normal state.
Quinine is tolerated in much greater doses in the presence of malaria
than in the absence of this disease. Morphine is tolerated well in condi-
tions of extreme pain. Digitalis will exhibit beneficial properties for the
myocurdial muscle only when the heart muscle is abnormal, e.g., in the
weakened heart, arrhythmia, ete,

In Conclusion: Probably of the above conditions the most important
factors modifying drug action are dosage, ratio of drug absorption to
rate of excretion (or destruction), the physical-chemical properties of
drugs, and the individual response to the drug administered. Leake
(1948) has suggested the following formula to show the relationship
of these factors to the intensity of drug action.

r\
I=(D S
= intensity of drug action
== dosage (mg. drug per Kg. body weight)
rA = rate of absorption
i = rate of excretion
= physical-chemical properties of drug
= individual response (or idiosynerasies) to drug
by patient

P.S.

mR g

‘What You Should Know About Drugs

In the treatment of disease the diagnosis comes first, then the de-
cision by the physician regarding what drug should be administered
to bring about the desired results in the patient. Drugs are the most
useful and effective therapeutic measures at the physician’s command.
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The physician must remember, however, that in order to secure success
with a drug—the remedy must be properly indicated, the preparation
selected must be active, and an effective therapeutic dose must be ad-
ministered.

A matter of prime importance in the use of drugs in medicine is to
weigh the hazards of the drug against the hazards of the disease. The
physician should, of course, know in advance what symptoms my appear
in case of toxic action and be prepared to treat them promptly.

In order to select and administer a drug wisely the physician should
know the following:

The names of drugs and their preparations.
The active constituents.

Solubilities and incompatibilities.

Dosage.

The Pharmacological Action:
How the drugs act.
Toxicology:
Symptoms of poisoning.
Treatment of poisoning.
Practical Application (Therapeutics):
Indications for use.
What drug to use.
How much and how to administer the drug.
When to stop the drug.
Contraindications.
When not to use the drug.
How to write prescriptions.
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CITIAPTER 11
MATERIA MEDICA

Materia Medica.—Drug remedies are known collectively as the
‘‘“materia medica’’ or medical materials. Materia medica is a science
which deals with the study of sources, constituents, physical and
chemical characteristics, preparations, and dosage of medical ma-
terials. This subject is studied in more detail in courses in pharmacy
but a knowledge of the essential features is of importance to students
of medicine.

Galenical Preparations. These are medicines prepared according to
the formulas of Galen. The term is now used to denote standard
preparations containing one or several organic ingredients made by
physical, as distinguished from chemical, means, such as tinctures, in-
fusions, ete.

Proprietary Drugs. ‘‘Any chemical, drug, or similar preparation used
in the treatment of disease, if such article is protected aguinst free
competition as to name, product, composition, or process of manu-
facture by secrecy, patent, or copyright, or by any other means.’’
(A.M.A)

Patent Medicines. These are proprietary drugs that are advertised
to the laity.

Official Drugs. Drugs and preparations which are found in the
current U.S.P. or the N.F. are spoken of as ¢‘official.’’

The student of medicine should become familiar with and consult
regularly the following publications:

The United States Pharmacopoeia, U.S.P, This publication is con-
trolled by the United States Pharmacopoeial Convention, which is in-
corporated under the laws of the District of Columbia for the purpose
of issuing the Pharmacopoeia. The U.S.P. Convention consists of dele-
gated members from colleges of medicine and pharmacy and incor-
porated medical, dental, and pharmaceutical organizations.

The object and scope of the Pharmacopoeia is set forth in the fol-
lowing quotation from the U.S.P.:

‘‘The object of the Pharmacopoeia is to provide standards for drugs
and medicines of therapeutic usefulness or pharmacecutical necessity,
sufficiently used in medical practice within the United States or its
possessions; to lay down tests for the identity, quality, and purity of
these; to insure, so far as practicable, uniformity in physical properties
and active constituents.’’

The first U.S.P. was published in 1820. The thirteenth edition be-
came official on April 1, 1947. The Pharmacopoeia is recognized in
courts of law as being the ultimate standard reference for those drugs
that are listed in it. The thirteenth edition lists Knglish names for
drugs and the metric system for dosages giving preference over Latin
names and the apothecaries’ system. This hook has been revised and
issued every ten years under the supervision of a national committee.
Under the present policy revision will take place at five-year intervals.
Supplements will be published from time to time to include new prepara-
tions.

The British Pharmacopoeia, B.P. was first published in London in
1864. It is now in the sixth edition (1932) with seven supplements

34
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covering recent changes. This pharmacopoeia is published by the
General Medical Council and resembles the U.S.P.

The United States Dispensatory (U.S.D.) was first published in 1833.
It is a nonofficial compilation and includes all items in the U.S8.P., N.F.,,
and B.P., as well as many nonofficial drugs. The U.S.D. is now in its
twenty-fourth edition.

The National Formulary N.F., eighth edition. Prepared by the
Committee on National Formulary. Authority of the American Pharma-
ceutical Association. Official April 1, 1947. Published by the American
Pharmaceutical Association, Washington, D. C.

The book gives complete information on many drugs, chemicals, and
preparations used in the practice of medicine. The exact composition,
method of preparation, description, and average dosage for each prepara-
tion are given.

The second part of the book contains much valuable information con-
cerning reagents and preparations used in clinical laboratories. Stain-
ing solutions, test solutions, and special techniques will also be found.

The National Formulary, in addition to being indispensable to the
pharmacist, will be of much value to many physicians and should find
a place in the modern medical library. Originally, the N.F. had no
legal standing, but the Food and Drug Act of 1906 and the Food, Drug
and Cosmetic Act of 1938 gave the N.F. the same official standing as
the U.S.I.

Ncw and Nonofficial Remedies, NNN.R. This is a book containing a
deseription (action, uses, standards) of proprietary articles which have
been found acceptable by the Council on Pharmacy and Chemistry of the
American Medical Association. This book is an excellent guide to new
therapeutic discoveries. 1f after a few years the value of the remedy
is proved, it may be included in the Pharmacopoeia; if, on the other
hand, such value is not shown, the remedy may be dropped from the
book (N.N.R.). It is issued annually.

Accepted Dental Remedies, ADR,, is a book similar to N.N.R., com-
piled by the Council on Dental Therapeutics of the American Dental
Association. It contains items properly manufactured and truthfully
advertised.

Useful Drugs. 'This is a small book issued by the American Medical
Association which contains only the most useful drugs with information
of special interest to physicians, It contains a select numher of prep-
arations from the U.S,P., N.F., and N.N.R. It may be of interest to
know that no advertising in any of the American Medical Association’s
journals is permitted for nonaccepted products.

Epitome of the U.S.P. and N.F. This small book is also prepared by
the American Medical Association. It gives a brief abstract of all
U.S.P. and N.F. preparations,

Source of Drugs

Drugs are derived from the mineral, vegetable, and animal kingdoms.
Recently many drugs have been synthesized. The ones derived from
the mineral kingdom are known as inorganic drugs; those derived
from vegetable and animal sources are organic drugs. There are more
than 3,500 known inorganic drugs and more than 350,000 known
erganic preparations. It requires a very fine sense of discrimination
on the part of the teacher to select the best therapeutic agents from
this superabundance of drugs to present to his students.
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A. Vegetable.—The active principles of plants form a large portion
of our drugs. The following are the most important plant parts used
for the manufacture of drugs:

1. Roor (Radiz).—The underground achlorophyllous part, devoid of
leaves (rhubarb, belladonna). Some roots are tuberous, being swollen
with reserve material (aconite, glycyrrhiza, jalap).

2. BuLB.—A modified stem with many thick and crowded overlapping
leaves (onion, squill).

3. CorM.—A thickened fleshy underground stem (colchicum).

4. Woop (Lignum).—The wood of trees (quassia, sandalwood, hema-
toxylon).

5. RizoME.—An underground stem which bears leaves, buds, and
roots (podophyllum, ginger, hydrastis, aspidium).

6. BARK (Cortex).—The outer protective layer of the stem (cinchona,
enscara, wild cherry). The outer layer of the root (sassafras, cotton-
root) ; the inner bark (Ceylon cinnamon, elm).

7. LEAVES (Folia).—Digitalis, belladonna, senna, hamamelis.

8. FLoWERs (Flores)—Chamomile, arnica. Unexpanded flowers are
cloves, santonica.

9. Fruir (Fructus).—Produced by the fertilized and ripened ovary
(pepper, colocynth, anise).

10. SEED (Semen).—The essential part of the fruit (nux vomica,
strophanthin, physostigmine, linseed. theobromine).

B. Animal.—Drugs from animal sources are rapidly becoming of
great importance in therapeutics. The endocrine glands are utilized
for the preparation of insulin, pituitrin, adrenalin, pitocin, pitressin,
theelin, and many more drugs of practical value to the medical
profession.

Vaccines, sera, and vitamins are obtained from animal sources.
Plants are considered the origin of most vitamins. Penicillin and other
microbiotic agents are produced by baeteria and fungi.

C. Inorganic.—This group includes the metals, the metalloids, and
nonmetals, together with many of their compounds.

D. 8ynthetic.—This group is large and contains an ever-increasing
number of products of both an organic and an inorganic nature. New
and Nonofficial Remedies contains a discussion of a great number of new
synthetic compounds, including such compounds as thyroxin, diodrast,
ipral, butesin, metycaine, vitamins, antithyroid drugs, and the sulfa
drugs.

Composition of Drugs

Plants contain a great variety of substances of complex and often
unknown composition. The important constituents may be classified
as follows:

Alkaloids.—Among the most important of organic compounds em-
ployed in medicine are the alkaloids. They are found in almost all
parts of plants, but in greatest abundance in the seeds and roots. These
compounds are complex, basic nitrogenous organic compounds. Most of
them are derived from plants but a few are animal products. They
are relatively insoluble in water but soluble in ether, chloroform and
similar organic solvents. Alkaloids are characterized by a bitter
taste, optical activity, and marked physiological or toxic properties.
They are precipitated by alkaloidal reagents; the more common of
these agents are tannic acid, picric acid, phosphotungstic acid, and
mercuric chloride in potassium iodide (Mayer’s reagent).
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It must be remembered that many of the alkaloidal compounds are
deadly poisons. In prescribing alkaloids, it is well to remember that
the free alkaloids are relatively insoluble in water, while, in contrast,
the salts are soluble in water.

The chemical constitution of alkaloids varies greatly. The greater
number of alkaloids are fairly complex derivatives of pyridine
(coniine, nicotine); pyrrolidin (cocaine, atropine); quinoline (quinine,
cinchonine) ; isoquinoline (hydrastine, narcotine, cotarnine, berberine) ;
phenanthrene (morphine, codeine, thebaine).

Glycosides.—Next in importance to the alkaloids, among the
vegetable drugs, rank the glycosides. These are combinations of
sugars (usually glucose) with other substances, frequently phenols.
They may be hydrolyzed by acids or certain enzymes into sugar and
other substances. The two glycosides, amygdalin and sinigrin, which
are almost inert pharmacologically, are of importance because of their
produets of decomposition.

Amygdalin, with its enzyme emulsin, occurs in bitter almonds, peach
pits, and wild-cherry bark. 1In the presence of water the enzyme splits
amygdalin into glucose, hydroeyanic acid, and benzaldehyde. A mixture
of hydrocyanic acid and benzaldehyde constitutes the volatile ‘¢oil of
bitter almond.”’

Sinigrin, with its enzyme myrosin, occurs in black mustard seed. In
the presence of moisture the enzyme hydrolyzes sinigrin, yielding glucose,
potassium bisulfate and allyl-isothiocyanate (volatile oil of mustard).

Starch.—This carbohydrate is an isomer of cellulose and possesses
the empirieal formula (C,H,,0,),. Tt occurs in the form of small
characteristic granules within the chloroplasts of plant cells. Corn-
starch (amylum) is commonly used in medicine.

Sugars.—Sugars are found widespread in the plant kingdom. They
are soluble in water and aleohol, are ogptically active, and some have
the power of reducing Iehling’s solution. The most important are:
glucose (dextrose) and levulose (fructosed. CH,,0,; maltose and
saccharose, C,,H,.0,,.

Gums.—These are amorphous, colloidal, complex carbohydrates of
the formula (C,JH,,0;).. Some are soluble in water, while others swell
to a jelly in it; they are insoluble in alcohol. They are formed in the
plant by transformation of cellulose and cell contents, especially after
pathological changes. They generally occur naturally in combination
with calcium, magnesium, or potassium; they have no poisonous action
but form a protective covering for irritated plant surfaces.

Cellulose.—This carbohydrate is found in the cell walls. It is
insoluble in the ordinary solvents. The chemieal formula is (C,H,,0,) ..
It may be modified to form cork and wood or hydrolyzed and modified
to form gum or pectin. Pectin is a therapeutic agent of importance.

Tannins.—Some tannins are glycosides which on hydrolysis yield
glucose and tannic acid. Thkese are a class of phenol derivatives
charncterized by a bluish or greenish color which they give to ferric salts,
and by their bitter taste. They precipitate alkaloids, mercuric
chloride, proteins, and gelatin, They occur chiefly in the barks of
trees, and in plant-galls which result from the punctures of insects.
The various tannins are named according to their source, e.g., cincho-
tannic acid, kinotannic acid, etc. The U.S.P. tannic acid is derived
from oak-gulls.

Saponins.—These are neutral, nonnitrogenous substances charac-
terized by foaming with water, emulsifying oils, and the laking of red
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blood cells. They are of wide occurrence. Some are very toxic and
are called sapotoxins.

Resins.—These constitute a heterogeneous group characterized by
their insolubility in water, solubility in aleohol and most fat solvents,
and solubility in alkalies. Common rosin, and the resins of guaiae,
jalap, podophyllum and ipomoea are well-known resins.

Oleoresins.—These are neutral plant exudates which contain both
oil and resin. Balsam of copaiba, Canada balsam, and crude turpen-
tine are examples.

Gum-Resins.—These compounds are generally oleoresins in natural
admixture with gum. Asafetida and gamboge are examples.

Balsams.—These compounds are resinous or oleoresinous exudates
which contain benzoic or cinnamic acid or both. Benzoin, storax,
balsam of Tolu, and balsam of Peru are examples.

Volatile Oils (Essential Oils).—These are volatile, alcohol-soluble,
odorous principles found in plants. Chemically they are mixtures of
esters, aldehydes, alcohols, ketones, and terpenes.

Fats and Fixed Oils.—Iats (esters of fatty acids and glycerin)
are found abundantly in seeds. They are insoluble in water, sparingly
soluble in alcolol, and freely soluble in fat solvents.

Waxes.—These compounds are esters of fatty acids with alcohols
other than glycerin. They are solid substances with solubility
characteristics of fats.

Proteins.—These compounds are found in all the plant cells. The
proteins found in crude drugs are chiefly albuminous in nature. A
few of the plant proteins, such as ricin from castor-oil seeds, and crotin
from croton oil, are toxic.

Chlorophyll.—This is the green pigment of leaves; it is insoluble
in water, but soluble in alcohol and in fat solvents. It is allied to
hemoglobin but contains no iron. Chlorophyll is claimed to have certain
local healing properties.

Enzymes.—A few enzymes obtained from plants are used in
medicine. Papain is a digestive ferment obtained from the juice of
the fruit of the papaw, Carica papaya.

Organic Acids.—The common orgame acids include citric acid de-
rived from citrus fruits, tartaric acid from grapes, and salicylic acid
from willow bark.

Pharmaceutical Processes

Different methods are employed in preparing pharmaceutical products,
depending on the character of the crude drug and upon the type of
preparation desired. The following processes are commonly em-
ployed:

A. Preliminary Treatment.—It is usually necessary to dry the crude
drug after collection. The material may be cut into smaller pieces
and dried at about 35° to 40° C. A higher temperature may be in-
jurious to some of the ingredients. After drying, the plant is ground
to a powder. Powders are classified as to fineness by sifting through
sieves of different sizes and meshes, thus:

No. 80 mesh: very fine—80 meshes to the linear inch;

No. 60 mesh: fine—060 meshes to the linear inch;

No. 40 mesh: moderately coarse-—40 meshes to the linear inch;
No. 20 mesh: coarse—20 meshes to the linear inch.
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For example, digitalis lcaves are usually ground and sifted through a
No. 60 sieve preparatory to percolating; however, for manufacturing
digitalis tablets the powder should be fine enough to pass through a No.
80 or No. 100 mesh sieve.

B. Separation Processes.—The desired ingredients are separated
from the inert material by three common processes:

1. Hear.—If the constituents are volatile they may be separated
by distillation. Distillation may be used to separate a volatile from a
less volatile constituent. Fractional distillation may be used to separate
mixtures of liquids of different boiling points. FEvaporation may be
used to remove the solvent from a solution, thus leaving a concentrated
product. Sublimation may be used to separate a volatile from a non-
volatile solid.

2, ACTION OF SOLVENT.—

Solution.—Vurious solvents may be employed to remove the desired
active ingredients from the insoluble inert material. The object is to
dissolve the greatest possible amount of active ingredients with the
least possible menstruum. The most important pharmaceutical solvents
are:

Alcohol:  Alkaloids (salts), resins, volatile oils, glucosides, and
neutral principles.

Water or Glycerin: Acids, alkalies, salts, sugars, gums, glucosides,
and tannins.

Ether, Chloroform, or Acetone: Free alkaloids. neutral principles,
resins, fats, volatile and fixed oils.

Dilute Acetic Acid: Alkaloids.

Petroleum Benzine: Free alkaloids, fats, volatile and fixed oils, and
neutral principles.

Maceration consists in leaving the solvent in contact with the drug
for a sufficient length of time to extract the desired substances.

Percolation consists in passing a solvent through a thick layer of
powder in order to remove the soluble constituents. This is carried out
by packing a tall vessel (percolator) with a lole in the bottom with the
powder to be extracted, and then allowing the solvent to pass slowly
through it.

Precipitation consists in the depoxition of solids from their solvents
by either physical or chemical means.

3. MECHANICAL MEANS.—Ezpression is the process of separating a
liquid from a solid by pressure. Coarse solid particles may be separated
from a liquid by straining. The process of filtration may be employed
to separate insoluble particles from a liquid by pouring it through a
finely porous material such as filter paper. Colloidal substances may
be purified by dialysis.

Standardization of Drugs

‘After the active constituents have been removed from the crude
drugs they must be standardized in order to be certain of uniformity
of clinieal response to the same dose of a drug.

When the active principles of crude drugs werelisolated in chem-
ically pure form, a great advance was possible in standardization,
since now the crystalline substance could be made to conform to
spocific chemical standards. A more exact relationship between
dosage and effect thus became possible.

In most cases the strength of a preparation may be determined by
chemical methods, but in some cases biological means must be em-
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ployed. The strength of unknown drugs or drug extracts is de-
termined by pharmaceutical (chemical) or pharmacological (bio-
logical) assaying.

Pharmaceutical or Chemical Assays.—The chemical assay consists
of the assaying of inorganic drugs, oils, alkaloids, orgamic drugs,
ete. The assay of inorganic drugs involves the standard quantitative
methods of analysis. The Pharmacopoeia furnishes methods for
quantitative analysis, special tests to determine harmful substances,
and methods for determining the possible limits of impurities. For
example, thyroid should contain not less than 0.17 per cent and not
more than 0.23 per cent of iodine in thyroid combination, and must be
free from iodine other than that peculiar to the thyroid gland; nux
vomica not less than 1.15 per cent of strychnine, to conform with
the United States Pharmacopoeia for an ‘‘official drug.’’ Fatty sub-
stances are analyzed chiefly for iodine number, saponification num-
ber, ete., in order to identify and to test for adulteration.

With some of the more complex synthetic drugs such as the arsphen-
amines and arsenoxides, only government licensces may manufacture
the drugs. After manufacture, sample lots are tested for toxicity by
the National Institute of Health.

Pharmacological or Biological Assays (Bio-assays).—Biological as-
saying, or determining the strength of a preparation by its effect on
living animals or tissues, is resorted to for certain drugs whose con-
stituents are insufficiently known, cannot be isolated quantitatively,
and cannot be estimated by chemical means.

Biological assay was first introduced to measure the activity of

drugs, such as digitalis, whose active principles could not be measured
by chemical means. It involves difficult technic and is expensive, there-
fore it is employed only when absolutely necessary. The strength
of the crude drug which is bio-assayed is usually expressed in
units. Most official drugs have legally required methods of assay, and
units which are universally recognized. Unfortunately, some of the
newer preparations, notably certain endocrines, have no specified
methods of assay or universally accepted units.
, For biological assay, animals (frogs, cats, dogs, rodents, ete.) of
approximately the same size are used. The object is to compare
quantitatively the physiological effect of a known quantity of a
standard preparation with a known amount of the unknown prepara-
tion on a similar animal or number of animals,

Reference Standards have been provided by the Pharmacopoeia
as a basis for comparison for oflicial assays. The following are
supplied by the Food and Drug Administration of the U. S. Dept.
of Agriculture, Washington, D. C.: Cod Liver Oil, standardized
for vitamin A potency; Cod Liver Oil, standardized for its vitamin
D potency; Ascorbic Acid; Cholic Acids; Digitalis; Epinephrine;
Ergotoxine Ethanesulfonate; Estrone; Zinc-Insulin Crystals; Mena-
dione; Nicotinic Acid; Ouabain; Posterior Pituitary; Riboflavin;
Sulfanilamide; Thiamine Hydrochloride; Trypsin, ete.

Since standard preparations are not available for some substances
such as parathyroid hormone and antipernicious anemia preparations,
their strength is determined by the amount of material required to
give a certain physiologic response.

Pharmaceutical Preparations

Pharmaceutical preparations are the prepared forms into which
drugs are made for medicinal administration. Most drugs need to be
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prepared in a form suitable for administration, since in their natural
form they are often unsafe, distasteful, and bulky. It is therefore the
task of the pharmacist, and more recently of the large pharmaceutical
laboratories, to prepare drugs for administration. They endeavor
to prepare the drugs in such a manner as to improve their taste, to
secure their full physiological activity, and to render them safe and
easy to administer. This accounts for the tinctures, extracts, oint-
ments, etc. These preparations are made according to ‘‘official’’ in-
struction found in the U.8.P. and N.F. in order to secure uniformity
in strengths and activities. Pure chemicals, such as calomel, sodium
salicylate, etc., may need only to be incorporated in a tablet or pill or
to be made into a solution.

It i3 not expected that a student of medicine be informed in the
details of pharmacy; it is essential, however, that he be familiar with
the preparations he prescribes. :

Classes of Pharmaceutical Preparations

A. Aqueous Preparations.—These preparations have the advantage
that water is a cheap and universal solvent and has no therapeutic
activity. Aqueous preparations have a tendency to spoil due to bae-
teria.

WATERS, AQUAE, are aqueous solutions of volatile substances, usually
volatile oils. Two classes are found in the U.S.P.: Aromatic waters are
prepared either by distilling the plant or oil with water, or by triturating
the oil with an adsorbent substance (tale, ete.), then extracting with
water. Their doses are large. It is well to remember that the volatile
substance may be thrown out when some soluble inorganic salts are
added. Waters of the second class are prepared by passing ammonia gas
into water. Their doses are small. Aromatic waters have a plearant
taste, no therapeutic properties, and are used chiefly as vehicles. The
N.F. and the U.8.P. recognize numerous waters. Two of the most com-
mon U.8.P. waters are Peppermint Water and Cinnamon Water.

SOLUTIONS, LIQUORES, are aqueous solutions of nonvolatile substances
made either by dissolving the pure salt directly in water, or more often
by chemical decomposition. The official solutions may be administered as
such, or with other aqueous preparations and water-soluble substances.
The N.F. and U.8.P. rccognize many solutions. Liver Solution and
Epinephrine Solution are examples of U.S.P. solutions.

DEcocrions, pecocta, are solutions of vegetable principles, which are
obtained by boiling parts of plants in water. They are usually 5 per
cent in strength. The decoctions may be given alone or in combination
with various aqueous preparations. They should always be prepared
fresh. The dose of nontoxic decoctions lies between 15 and 120 ce. The
U.8.P. and the N.F. recognize no decoctions,

INFUSIONS, INFUSA, are solutions obtained by soaking parts of plants
in hot or cold water. They are usually of 5 per cent strength, Like
decoctions, they spoil quickly, and must be prepared fresh. The dose of
nontoxic infusions lies between 8 and 120 cc. The N.F. recognizes a few
infusions, the U.S.P. none,

MIXTURES, MISTURAE, are liquid preparations in which substances in-
soluble or partly soluble in water are suspended by means of gums, and
other similar substances. They usually contain sugar or syrup.
The official mixtures can be combined with a wide range of drugs
and preparations; alcohol, however, would have a tendency to precipitate
gums. The N.F. and U.S.P. recognize few mixtures., Chalk Mixture is a
U.S.P. preparation.
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EMULSIONS, EMULSA, are aqueous preparations formed by suspending
oils in water by meuns of gums or other viscid bodies. They aye made
by two methods. Continental Method: Triturate the acncm_wnth oil,
add water all at once. English Method: Dissolve acacia in water,
add small quantities of oil and water to mucilage until all is emulsified.
Four parts oil, 2 parts water, 1 part acacia forms the nucleus of all cod-
liver oil emulsions. Emulsions usually should be administered alone;
certain drugs, however, such as medicated syrups and various water-
soluble drugs, may be administered with them. Since they naturally
contain acacia, alcohol should not be added, as alcohol precipitates gum
and will destroy the emulsion. The U.S.P. and N.F. recognize but few
emulsions. Examples: Cod Liver Oil Emulsion, U.8.P.; and Turpen-
tine Oil Emulsion, N.F.

MUCILAGES, MUCILAGINES, are aqueous solutions of gums, starches, or
other collvid-like bodies. They are made by either the hot or cold
process: the former being solution by heat, the latter by percolation.
They are used as vehicles and demulcents. The mucilages are suitable
for water-soluble substances, and, owing to their viscosity, are frequently
used in the preparations of emulsions and suspensions. Few mucilages
are official. There are two U.S.P. mucilages, Acacia Mucilage and
Tragacanth Mucilage.

SYRUPS, SYRUPI, are concentrated solutions of sugar and water with or
without the addition of active medicaments. Syrups are usually pre-
pared by first making an infusion, either by heat or by percolation, and
then adding sugar. In special cases modifications may be introduced.
Some syrups are prepared by mixing a fluidextract with simple syrup.
Syrups are used as vehicles, preservatives, and as sweetening agents.
The dose of flavoring syrups is practically unlimited. The N.F. and
U.8.P. recognize a large number of syrups. Two common U.S.P. syrups
are Citric Acid Syrup and Orange Syrup.

LoTIONS, LOTIONES, are aqueous liquid preparations (solutions or mix-
tures) intended for local applications without friction or rubbing. Two
common N.F. lotions are Phenolated Calamine Lotion and White Lotion.
The U.8.P. recognizes Calamine Lotion.

MAGMAS, MAGMATA, are aqueous suspensions of insoluble or nearly
insoluble substances. The N.F. and U.S.I>. rccognize few magmas.
The U.8.P. recognizes Magnesia Magma.

B. Alcoholic Preparations.—Alcohol acts as a solvent for volatile oils,
resins, and alkaloids. Alcohol is a good preservative. The pharmaco-
logical action and its incompatibility with aqueous solutions (gums,
albumin, and some inorganic salts) must be kept in mind in preserib-
ing these preparations.

SPIRITS, SPIRITUS, are alcoholic solutions of either gascous, liquid, or
solid volatile bodies. They are prepared by simple or chemical solution
or by distillation. While there is no uniform strength for spirits, they
are usually about 5 to 10 per cent. The spirits are generally not used
as such, but are added to other preparations as flavoring agents.
The volatile substance is thrown out of solution by water in most of
the official spirits except those of nitrous ether and ammonia. Their
dosage is 1 to 2 ce. The N.F. and U.8.P. each recognize about a dozen
spirits. Two ecommon U.8.P. spirits are Peppermint Spirit and
Aromatic Ammonia Spirit.

ELIXIRS, ELIXIRIA, are sweetened alcoholic aromatic preparations often
containing small amounts of medicinal substances. There are two
classes: (1) pleasant elixirs, such as aromatic elixir and elixir of
glyeyrrhiza; and (2) medicated elixirs, containing one or more active
ingredients. The former are used as flavoring vehicles. The medicated
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elixirs are usually used alone for the administration of organic and
inorganic salts, including the alkaloids. Their alcohol content is about
25 per cent. The N.F. recognizes a large number of elixirs. Aromatic
Elixir and Phenobarbital Elixir are U.S.P. preparations.

TINCTURES, TINCTURAE, are alcoholic solutions of nonvolatile sub-
stances (exception, tincture of iodine). The strength of tinctures varies.
They are very useful preparations. Since they usually contain tannie
acid, they generally cannot be used with agents incompatible with tannic
acid. Those tinctures containing resinous materials or oils will usually
precipitate with water. Tinctures of potent drugs are usually 10 per cent
in strength, tinctures of fresh drugs 50 per cent, while most of the
others are 20 per cent, although some tinctures contain only 0.4 per
cent of active drug. The dose is quite uniform, being about 2 to 4
ce. of the nontoxic preparations. They are often suitable for admin-
istration in their original form. Many may be diluted with water,
but some may precipitate on dilution with water. A large number of
tinctures are found in the U.S.P. and N.F. Typical U.8.P. tinctures in-
clude Digitalis Tineture and Aromatic Rhubarb Tincture.

FLUIDEXTRACTS, FLUIDEXTRACTA, are liquid alcoholic extracts represent-
ing exact strength of drugs, i.e., 1 cc. containing the medicinal proper-
ties of 1 gram of the crude drug. They are usually prepared by
percolation. Fluidextracts may be considered concentrated tinctures.
The advantages of fluidextracts over tinctures and other preparations
are (1) they possess the same strength as that of the drug from which
they are derived. (The dose of the drug is therefore the same as the
dose of the fluidextract); (2) they keep well, being made with alcoholic
menstrua; (3) they are concentrated, a very small quantity being
required for the administration of a therapeutic dose.

The fluidextracts are an important group of remedies. They are very
similar as a group: their strength is identical; their manufacture quite
gimilar; their medicinal properties are those of the drug from which
they are manufactured. They are best diluted with some tincture or
clixir. They may be incorporated with other ingredients to make
pills, tablets, suppositories, etc. The N.F. recognizes a large number and
the U.S.P. approximately a dozen fluidextracts. Ergot Fluidextract and
Glyeyrrhiza Fluidextract are typieal V.S.P. preparations.

Arconor, arconor.  Various ethyl alcohol preparations are official.
Aleohol (95% by volume) U.8.P.; Diluted Aleohol (49¢, by volume)
U.8.P. are examples.

C. Other Fluid Preparations.—

GLYCERITES, GLYCERITA, are solutions of medicinal substances in
glycerin, a substance devoid of pharmacological action. Most glycerites
are solutions, but the glycerite of starch is a semisolid. They are
permanent preparations and are intended for local application. The
glycerite of starch is often used as an excipient in making pills. A few
glycerites aro recognized by the N.F. and U.S.P. Starch Glycerite and
Glycerite Boroglycerin are typical U.8.P. glycerites.

LINIMENTS, LINIMENTA, are preparations of irritant drugs in oily,
soapy, or alcoholic vehicles and are intended to be applied to the skin
by friction. They are usually volatile, soapy, or oily to provide
lubricant properties for the application by friction. Some contain in-
soluble matter, some are clear alcoholic so{utions, and some are opaque.
Since some are alcoholic solutions (soap liniment), and some are
oleaginous solutions (camphor liniment), while one is a transparent
semisolid mass (turpentine liniment) there seems to be no definite class
into which liniments can be placed, hence they are placed under
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“¢other fluid preparations.’’ Several liniments are found in the N.F.
and a few in the U.S.P. Two common U.S.P. liniments are Camphor
Liniment and Soft Soap Liniment. .

FIXED OILS, OLEA PINGUA, are neutral esters of vegetable o.r.ammal
derivatives, being compounds of acids (chiefly oleic, galmltlc, and
stearic) with glycerin. Combinations of varying proportions of olein
(glyceryl oleate), palmitin (glyceryl palmitate), and stearin (glyceryl
stearate) form the fixed oils common in oils and fats. The larger the
proportion of olein, the more liquid is the substance, and as the stearin
increases the more solid is the preparation. Fats split into glycerin and
the fatty acids. The tendency to decomposition with the production of a
disagrecable odor is termed rancidity. The N.F. recognizes few fixed
oils. A large number of fixed oils are found in the U.S.P., among which
are Olive O1l and Cod Liver Oil.

VOLATILE OR ESSENTIAL OILS, OLEA VOLATILA, are volatile, odoriferous
liquids derived from plants. They may contain, or consist of, neutral
principles, aldehydes, ketones, phenols, esters, or compound ethers. They
are separated from the plant by several methods, such as distillation
with water, distillation with steam, destructive distillation, vacuum
distillation, expression, enfleurage, and by percolation. These oils are
chiefly used in the form of aromatic waters and spirits, as flavoring
agents. The N.F. recognizes about a dozen volatile or essential oils.
Tliere are many U.S.P. volatile oils. Common U.S.P, volatile oils are
Spearmint Oil and Peppermint Oil.

OLEORESINS, OLEORESINAE, are thick liquid preparations consisting of
volatile oils and resins extracted from vegetable substances by ether,
acetone or alcohol. There are two classes of oleoresins: (1) The
natural oleoresins, such as turpentine and copaiba, which are mixtures
of volatile oil and resin which come from plants. (2) The pharma-
ceutical oleoresins which are prepared from drugs which contain the
volatile oil and resin, such as oleoresin of gentian or oleoresin of
cinchona. They may be administered in the form of emulsions, pills,
suppositories, ointments, or be placed in capsules. The N.F. recognizes
few oleoresins. There is one U.S.P. oleoresin, Aspidium Oleoresin.

SPRAYS, NEBULAE, are solutions intended for the application of
medicaments in solution to the throat and nose by means of suitable
atomizers. They consist largely of hght petrolutum or physiological
saline into which are dissolved various aromatics and other medicaments.
The N.F. recognizes Ephedrine spray and Compound Ephedrine spray.

HONEYS, MELLITA, are sweet liquids having honey as a base. They
were at one time used frequently as vehicles.

AMPULES, AMPULLAE, are hermetically sealed containers, commonly
glass. containing medicinal substances in sterile solution (usually
aqueous) intended as a rule for parenteral use. Ampules of iodine,
however, are offered for topieal application. Wax ampules of silver
nitrate are preparcd for instillation of silver nitrate in the eyes of
newborn babies, and there are thin glass ampules of amyl nitrate to be
crushed in a cloth and inhaled. They may contain dry chemicals, solu-
tions, or suspensions in oil but most often they contain aqueous solu-
tions. The label must state plainly the amount of active medicinal
ingredients in a stated unit of solution. The glass should be insoluble
in water so as not to turn the solution alkaline on long standing. The
N.F. recognizes a large number of ampules, including Caleium Chloride
Ampules.

INJECTIONS, INJECTIONES, are solutions and suspensions of drugs
indicated for parenteral administration, The vehicles are aqueous or
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oils. Injections are prepared, placed in suitable containers, sealed, and
sterilized. Nontoxic and harmless preservatives may be added to in-
sure permanency or usefulness to the products. The following injec-
tions are among those included in the U.8.P.: Bismuth Subsalicylate
Injection, Caffeine and Sodium Benzoate Injection, Dextrose Injection,
Digitalis Injection, and others.

VINEGARS, ACETA, are medicated substances in vinegar or diluted
acetic acid. The vinegars may be preseribed in aqueous, syrupy, or
mildly alcoholic vehicles. The N.F. contains Squill Vinegar.

COLLODIONS, COLLODIA, are solutions of guncotton and ether, alcohol,
or acetone. There are two U.S.P. preparations: Collodion and Flex-
ible Collodion.

D. Solid or Semisolid Preparations.—

IXTRACTS, EXTRACTA, are solid or semisolid preparations obtained by
evaporation of solutions of medicinal principles of drugs. The
menstruum employed is varied, being alcoholic, hydro-alcoholic, aqueous,
alcoholic and alkaline, or aleoholic and acid. The percentage of extract
to drug varies from 200 (extract of opium) to 800 (extract of bile).
Most extracts are potent and are convenient for administration in the
form of pills, ointments, etc. They may require dilution, as they are
usually quite active. Since they are usually used in solid preparations,
incompatibilities rarely arise. The N.F. and U.S.P. each recognize about
a dozen extracts. Two U.S.P. extracts are Belladonna KExtraet and
Glyeyrrhiza Extract.

PirLs, PILULAE, are spherical or elongated masses of medicinal sub-
stances in sizes from 0.1 to 0.3 gram. Various solid and semisolid, and
some fluid, official drugs and preparations may he prescribed as pills.
The manufacture of pills by the pharmacist, while formerly an im-
portant task, is becoming a lost art, due to the introduction of
machinery. The N.F. recognizes several pills. The U.S.P. recognizes
Hexylresoreinol Pills.

MassEs, MassAE, are soft masses of medicinal substances capable
of being made into pills. The manufacture of the official masses is a
matter of little difficulty, as in each prescription the amount of liquid
is sufficient to make a mass of the required consistency. Masses are not
important U.S.P. or N.F. preparations. Ferrous Carbonate Mass is an
N.F. prepuration.

SUPPOSITORIES, SUPPOSITURIA, ure suitable masses of medicated sub-
stances, usually in oil of theobroma, glycerinuted gelatin, or glycerin,
intended for insertion in the rectum, urethra, or vagina. The base melts
at body temperatures. The U.S.P, gives general formulas for manufac-
ture of suppositories with oil of theobroma and with glycerinated
gelatin.  Suppositories are mnot important official preparations. The
U.8.P. recognizes Glyeerin Suppositories.

TROCHES, TROcHISCI, are small flattened masses of active medicinal
substances, usually powders, incorporated in sugar and gum; they are
intended to be administered by slowly dissolving in the mouth. They
are suitable for the administration of medicines intended for applica-
tion to the throat, and for the administration of fairly mild and taste-
less medicines in a palatable form. Troches are manufactured by
massing and by compression. They are usually demulcent or astringent
in action. The U.S.P. recognizes Penicillin Troches.

TABLETS, TABELLAE, are small disks of medicated powders. There are
three common kinds of tablets. Compressed tablets are formed by
high compression, using the pure drug with no excipient added. Such
drugs as acetyl-salicylic acid, nacetophenetidin and barbital are
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usually administered in this form. They are used similarly to pills.
The commercial tablets may vary considerably in size, but usually are
quite large. The N.F. and U.S.P, recognize numerous tablets.

Hypodermic tablets are small and consist of medicinal substances
blended with some substance known to be completely soluble an(}
inert. They are administered by injection after dissolving in 1 or 2
ce. of water. Quick solubility and dose accuracy are prime requisites in
their manufacture. Only relatively very active drugs are xpade up
into hypodermic tablets, e.g., atropine, nitroglycerin, strychnine, and
morphine. Aseptic conditions must be maintained at all stages in their
manufacture and administration.

Tablet triturates are small tablets of active drugs, such as mqrphme
sulfate, atropine, and calomel. They usually weigh about 1 grain and
may contain some diluent such as lactose or sucrose. )

POULTICES, CATAPLASMA, are pasty preparations for external applica-
tion, usually employed to reduce inflammation or to act as counter-
irritants. They are generally devoid of medicinal properties. ILinum
(flaxseed), ground flaxseed, is used extensively for making poultices.
Poultices are not important N.F. and U.S.P. preparations.

CERATES, CERATA, are combinations of medicinal substances with fats
and waxes intended to be used by spreading on cloth or paper. The
preparations are similar to ointments but rendered harder by the addi-
tion of wax. They are applied as one would apply a plaster.
Ceratum (simple cerate) provides an excellent basis for the prepara-
tion of other cerates. Few cerates are official. The U.S.P. has
deleted all cerate preparations, but the N.F\. still retains them as u class
distinct from ointments.

OLEATES, OLEATA, are combinations of alkalies of metallic oxides
or alkaloids with oleic acid. Like ointments, they produce the
therapeutic effect of the active ingredient through absorption of the
latter on application to the skin by inunction. Oleates are preparations
of little importance. The U.S.P. recognizes Mercury Oleate.

RESINS, RESINAE, are those plant products, soluble in alecohol and in-
soluble in water, obtained either as the residue from the distillation
of an oleoresin, or by pouring a concentrated alcohol extract into water.
The resins are best given in the form of pills or suppositories. Their
taste is usually disagreeable and not readily disguised in fluid prepara-
tions. There are few official resin preparations.

PLASTERS, EMPLASTRA, are solid or semisolid preparations containing
medicinal substances intended to be applied to the skin, and of sufficient
adhesiveness to adhere firmly. Commonly used plaster bases are gum
resins, lead plaster, resin plaster, isinglass, and India rubber. Plasters
possess higher melting points than ointments and oleates, and are not
intended to melt at body temperature. They act as supports or counter-
irritants. Few plasters are official. Mustard Plaster and Adhesive
Plaster are typical U.S.P. plasters.

At present machine-made plasters with rubber bases have practically
replaced the old-fashioned type of plasters; the pharmacist is rarely
called upon to spread a plaster.

OINTMENTS, UNGUENTA, are soapy, oily substances which are applied
to the skin by inunction. They consist of active medicaments combined
with a base, such as wool fat, lard, white petrolatum, ointment of rose
water, and f)enzoinated lard. Wool fat is supposed to be the base most
quickly absorbed by the skin, lard comes next, while petrolutum is
slowly absorbed. Hydrogenated oils have been suggested as useful
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ointment bases. More recently triethanolamine, cetyl aleohol, glyceryl,
monostearate and bentonite have been used in the preparation of
various ointments. .

Anhydrous and hydrophylic ointment bases are now in use. Peni-
cillin Ointment, U.S.P. uses an anhydrous ointment base.

PowDERS, PULVERES, are finely powdered drugs for external or internal
use. Powdered drugs may be combined as such and prescribed in
capsules or cachets for internal use, or they may be ordered mixed with
water or taken in the dry form. They are usually made by trituration
with mortar and pestle, or by mixing the ingredients, already reduced
to a fine powder, with a spatula on a large picce of paper. Most of the
official powders are mixtures of several active drugs. Compound Effer-
vescent Powder is the only U.S.P. powder.

TRITURATIONS, TRITURATIONES, are powders obtained by triturating
the active drug, usually with lactose. The U.S.P. gives a general
formula calling for 10 per cent of the drug and 90 per cent of lactose.
They furnish a convenient means of administering active solid drugs
which can be reduced to a fine powder. Neither the N.F. nor the U.8.P.
recognizes any triturations,

CAPSULES, CAPSULAE, are shells of gelatin used for the administration
of solids, masses, and liquids. The U.S.P. and N.F. contain several:
Digitalis Capsule, U.8.P., Castor Oil Capsule, N.F.
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CHAPTER III
PRESCRIPTION WRITING

‘“The prescription is the keystone to the entire arch of
therapeutic endeavor. It rests on the diagnosis and prognosis
of the case, on the ome side, and the physician’s knowledge
of pharmacology and therapeutics on the other. Any weak-
ness on either side of the arch reflects itself in the setting of
the keystone.’’—Bernard Fantus.

THE PRESCRIPTION

Untortunately, preseription writing has been neglected both in
medical school curricula and medical practice. The pendulum seems to
be swinging back to where teachers, students, and physicians are
again seeing the practical value of heing able to incorporate into a
prescription the physician’s diagnosis, prognosis, and knowledge of
the patient’s illness.

A prescription (Iatin prae and scribo, means literally written be-
fore) is an order for medicine sent by a physician to a pharmacist., The
modern tendency in preseribing drugs is to make prescriptions simple.
Instead of prescribing a hopeful mixture of numerous drugs of ques-
tionable value the prescription of a single drug with definite and
specific actions is desired. The simplest prescription is usually the best.
A typical classical prescription consists of the following:

1. Naue of patient and address.

2. Date.

3. Superscription: R is the abbreviation for the Latin word recipe,

take thou.

4. Inscription: the ingredients and their amounts.

Basis: the principal substance.

Adjuvant: the substance used to aid the action of principal sub-
stance. (Seldom used.)

Corrective: modifying or correcting action of principal substance.
(Seldom used.)

Vehicle:  an agent in which the drugs are incorporated.

5. Subseription: directions to the pharmacist.
6. Mignature: directions to patient; this should be written in Eng-
lish.
7. The physician’s signature.
The following illustrates a complete prescription.
Name Mrs. L. O. Rambo,
Address 1499 Iythe St.,
St. Paul, Minn,
Date March 31, 1948.
Superscription B
Tnscription:
BRasis Chloral Hydrate __—______ 4.00 Gm.
Adjuvant  Sodium Bromide - ooo._.._ 2.00 Gm.
Corrective Orange Syrup oo 45.00 cc.
Vehicle Distilled Water . _________ 30.00 ce.
Subscription M.
Signature Sig.: One teaspoonful as directed.

Physician’s signature Frank B. Astroth, M.D.
Medical Arts Building,
St. Paul, Minn,

49
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Name of the Patient and the Address.—The name and address of
the patient should be written distinctly in the prescription, as it 18
necessary for the pharmacist to place it on the label. This is im-
portant if there is more than one patient in tho. fnmlly.. If the
patient is a child the name should be followed by information as to
age, written always by figure and months and years as, e.g., l\la'ry
Brown (4 yr.). The name may sometimes be omitted from. a prescrip-
tion for venereal diseases, or it may be still wiser to use initials and
age data. Some state laws require the full name on all prescriptions.

Date.—The physician should place the date on the upper part of the
prescription sheet, preferably after the patient’s address. The date
on the original copy should prove of value in case of legal complica-
tions, and the date on the duplicate copy often proves of value to the
prescriber.

The present Federal Anti-narcotic Law requires that the date be
entered by the prescriber. The pharmacist generally uses the lower
left-hand corner for entering the narcotic registry number, date, ete.

Superscription

The word superscription comes from the Latin word superscribo
‘‘to write on top.’’ The superscription consists of the symbol R,
which is the abbreviation for the Latin word recipe (pronounced ray-
kip-a), which means ‘‘take’’ (thou). It is a command, and has as its
object the quantities of the drugs mentioned in the inscription. The
object in most prescriptions will be the quantity of the drugs mentioned
in the inscription, e.g., gr. ij. The oblique dash across the final stroke
of the B probably is derived from the astronomical sign 2{ which was
used as a prayer to Jupiter to bless the remedies. The oblique line may
have been used by the Romans much as we now use the period.

Inscription

The word inscription from the Latin inscribo, means ‘‘to write upon’’
or ‘‘within.”” It contains the object of the command ¢‘take thou’’
and is composed of the officinl names of the drugs which are used, along
with solvents, flavoring vehicles, ete. Some prescriptions may con-
tain the various parts of the inseription as shown in the above
example. In this example the chloral hydrate is the basis or principal
drug. The sodium bremide aids the action of the principal drug and
may be considered the adjuvant. Orange syrup modifies or corrects
the action or taste of the principal drug and adjuvant. The water
dissolves and dilutes the drugs used in the prescription.

The lines of demarcation between the various parts of the inserip-
tion are not always clearly drawn. For instance, the adjuvant drug
may have action as important as the principal drug. The corrective
may possess modifying and corrective values and may also dissolve
and dilute the principal ingredients and thus eliminate the necessity
of using a vehicle such as water. A competent prescriber lists the
ingredients in the order in which they are compounded. It is usually
{)estt to put the important ingredients first, with the vehicle or diluent
ast.

Capitalization.—Capitals are used for the important words of all
official titles. Prepositions and conjunctions are not capitalized.

Abbreviations.—The following abbreviations are found in the in-
scription:
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Q.R. (quantum rectum) meaning the ‘‘quantity is correct’’ when
written after the dose. This indicates to the pharmacist that the amount
prescribed is intentional. To illustrate:

Digitalis Tineture - —_—————_______ f3iv (Q.R.)

Another method commonly used to indicate that the dose prescribed
is correct is to follow the symbol or abbreviation of the quantity and
its numerals by parentheses enclosing the English name of the
quantity and numeral, thus:

Morphine Sulfate -_._________ gr.iij (three grains)

A heavy line underscoring a quantity has the same meaning as Q.R.
Example:

Morphine Sulfate - _____ gr. iv

Q.8. (quantum sufficit), the Latin for ‘‘as much as suffices,”’ may
be placed after the vehicle to indicate that the pharmacist is expected
to uso his judgment as to the amount of the substance needed. It is
usually placed after the vehicle or excipient, which is ordinarily the last
item of the preseription. To illustrate:

B

Potassium Dromide . ___________________ 2.0 Gm.
Aromatie Llixir o __________ g.s. 60.0 cc.

Ad means ‘“to’’ or ‘‘up to’’ and is used after the name of the
vehicle. Tt is often used after q.s., as g.s. ad. To illustrate:
R :
Potassium Permanganate . _____ £3v)
Distilled Water _____________________ q.s. ad gr. xxx

8s, the abbreviation of semis or semissem meaning ‘‘one-half’’ may
bo employed following a symbol or abbreviation. To illustrate:
R . .
Ammonium Bromide - _________________________ 3ss
means ‘‘take thou one-hulf dram of ammonium bromide.’’

Aa, the abbreviation of ana, meaning ‘‘of each’’ may be employed
following two or more ingredients of a preseription to indicate that
cqual amounts of each are to be taken. Example:

B
Ammonium Bromide
Potassium Bromide - ____ ai 5.0 Gm.

Abbreviations and symbols are used in specifying quantities, and
each symbol or abbreviation is followed by Roman numerals. In writing
numerals, the final ¢ is written as j to prevent errors, such as taking
the ¢ for a v. Dots are placed above the numerals ¢ and j to aid the
pharmacist in interpreting the numerals. For example, eight ounces are
written §viij.

Subscription

The subscription is the subsecriber’s direction to the pharmacist.
Formerly directions were quite elaborate, but now they are brief,
allowing the pharmacist to use his own judgment as to the best means
of compounding the remedy. The directions usually consist of short
statements, such as ‘‘Divide into 10 pills,’’ ‘‘Mix and place in 10
capsules,’’ or the subscription may be only one word ‘‘Mix.”’
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The pharmacist should place the name of the patient on the bottle
or container exactly as the doctor has written it on the prescription.

Signature.—The signa (signature), meaning ‘‘write,’’ follows the
subscription. The abbreviation 8. or Sig. is usually used. The signature
consists of the directions to be copied on the label for the instruction
of the patient. These directions should be written briefly and plainly
in English and should be of such a nature as to guide the patient in
the safe and proper use of the drug.

The direction as directed should rarely be used and is justified only
when there is no danger of improper use. Where a medicine is not to be
administered by mouth, or in case of poison, the signa may be written
as follows:

Sig.—¢¢Not to be taken.’’ - Use to moisten dressing.
Sig.—¢‘Poison—not to be taken.’’ Apply externally.
Sig.—¢‘Poison.”’’ Apply externally with massage.

The pharmacist may carry separate labels bearing the words
‘‘Poison,’’ ‘‘Not to be taken,’’ etc., but as these may be detached, it
is more desirable to have the pharmacist use a prescription label
carrying the printing desired on its face.

Physician’s Name.—The full name of the physician should be placed
at the bottom of the preseription. When the preseriber uses his own
private blanks carrying his name and address, he ean naturally take
more liberties than when such is not the case.

Additional Instructions for Prescription Writing.—

‘‘Shake well’’ should be placed on bottles containing mixtures or
suspensions of insoluble matter.

Non rep., the abbreviation for non repetatur, meaning ‘‘do not re-
peat,’’ should be placed anywhere on the prescription when the pre-
scription is not to be refilled.

Pp., for pauperissimus, meaning ‘‘very poor,’’ should be placed at
the top of the preseription, or near the patient’s name, when the
patient is poor and the physician desires to invite the pharmacist
to charge a low price for the medicine.

Latin Grammar in Prescription Writing

There is a difference of opinion concerning the advisability of using
Latin in prescription writing. Some teachers favor the use of Latin,
but many are now avoiding its use and are teaching the writing of
prescriptions in English. The trend toward the use of English is well
illustrated by the use of knglish in the primary titles and Latin in
secondary titles in the 1947 editions of the United States Pharma-
c:)igeia, the National Formulary, and the New and Nonoflicial Rem-
edies.

The following pages on prescription Latin are given for those who
prefer to prescribe in Latin. Actually no great expenditure of time
need be required to become proficient in the art of writing pre-
scriptions in Latin. The student need only learn the Latin official
names of the drugs, the necessary changes in terminations (usually
genitive), and a few Latin words or phrases commonly used in the
inscription.

Prescription Latin.—Latin has no article; the declension of nouns
is accomplished by changing their terminations. Latin has the fol-
lowing cases: nominative, genitive, dative, accusative, ablative, and
vocative. Since the dative, accusative, and vocative are rarely used
in the writing of prescriptions, and the ablative only occasionally,
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only the genitive will be mentioned to any great extent here. The
genitive of Latin corresponds to the possessive of English. The fol-
lowing rules for the formation of the genitive case are useful:

RuLe 1.—First Declension.—All nouns ending in -a or - (-e from
the Greek) form the genitive in -ae. All are of feminine gender.
Examples: agqua, gen., aquae.

CASE SINGULAR PLURAL
Nom. aqua -a (e) a water aquae -ae
Gen. aquae -ae (es) of a water aquarum -arum
Ace. aquam -am (en) a water aquas -as
Abl. aqua -a (e) with, by or from a water aquis -is

Exceptions: Aspidosperma, physostigma, and theobroma form the
genitive in -atis, and folia, which is nominative plural, forms the geni-
tive foliorum.

RULE 2.—Second Declension.—Masculine nouns in the nominative
singular end in -us, -er, and -0s, the neuter in -um, and -on, and they
form the genitive in -1 as in conium—conii.

CASE SINGULAR PLURAL
Nouns in -us -um -on -us -um and -on
Nom. -us -um -on -4 -a

Gen. 4 4 -4 -orum -orum

Ace. -um -um -on -08 -a

Abl, -0 -0 -0 -is -is

Exceptions: Rhus, genitive rhois; flos, geuitive floris; limon, genitive
limonis; fructus, cormus, quercus, and spiritus do not change.

RuLE 3.—Third, Fourth, and Fifth Declensions.—There is consider-
able variation in the formation of the third declension. Few nouns of
the fourth and fifth declensions are found in medicine, In general,
all nouns other than those of the first and second declensions, regardless
of terminations, form the genitive in -8 and -is. Example: Elizir, geni-
tive elixiris.

Some lengthen in the terminations:

-a8, genitive -atis; as acetas, acetatis

-1s, genitive -idis; as anthemis, anthemidis
-0, genitive -onis; as persio, persionis

-X, genitive -icis; as cortez, corticis

Ezceptions: Mas, genitive maris; phosphis, sulfis, etc., genitive -itis;
;nucilago, genitive mucilaginis; pulvis, genitive pulveris; fel, genitive

ellis,

The following words do not change 1n their genitive: buchu, cannabis,
catechu, digitalis, hydrastis, condurango, cusso, fructus, jaborandi, kino,
matico, sassafras, sago, sinapis, spiritus, gambir, sumbul. Amyl is un-
changed or changed to amylis.

Note: More than three-fourths of all official names are included in
the first and second declensions.

Adjectives agree in number, gender, and case with the nouns they
modify. They are declined as are nouns, and belong to either the
first, second, or third declension. Latin nouns may have but one
gender but every adjective must have all three genders so that it may
modify the nouns of any gender. Thus we say: Syrupus albus, not
syrupus alba, nor syrupus album. Tinctura aromatica, not tincturae
aromaticus or tinctura aromaticum.
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Adjectives may be formed from nouns or other adjectives by add-
ing -atus or -osus to the main part of the word. Adjectives ending in
-8/

MASC. FEM, NEUT.
Activatus -3 -um activated
Ammoniatus -a -um ammoniated
Benzoinatus -8 -um benzoinated
Hydratus -a -um hydrated
Praecipitatus -a -um precipitated

Verbs.—Verb forms do not appear in the titles of chemicals or
pharmaceutical preparations and have a limited use in the subscriptions
and signas of prescriptions. The present tendency is to write the signa
in English, therefore little time need be spent on verbs.

Adverbs are seldom used in prescriptions. The two most frequently
used are—bene, meaning well; statim, meaning immediately.

Conjunctions.—The most common conjunctions used in preseription
writing are vel meaning or; et, meaning and. Their construction is the
same as in English.

Prepositions.—Latin prepositions are accompanied hy a modifieation
of the case of the nouns which they govern. The following prepositions
govern the accusative: ad (up to, to); ante (before); in (into); post
(after): secondum (according to).

The following prepositions govern the ablative case: cum (with);
in (in); pro (for, according to); sine (without). Ana (of each) is
governed by the genitive case.

LATIN NAMES

In writing the Latin titles of preparations of drugs the class to
which they belong is written first, as extractum, tinctura, ete. The name
of the drug or drugs comes next, as Cardamom in Tinctura Cardamomi,
The qualifying adjective, if there is one, comes last. Example:
Tinctura Cardamomi Composita.

In writing the titles of chemical compounds which form more than
a single compound, the adjective used to distinguish them is written
after the principal words. Example: Hydrargyri Iodidum Flavum.

If a title consists of a noun and an adjective, the noun in the nomina-
tive precedes the adjective which must agree with the noun in gender
and number. Example: Ferrum Reductum, Acidum Hydrochloricum,
Acidum Hydrochloricum Dilutum.

When a Latin title containg two nouns connected by the conjunction
et, both nouns are in the same case. Examples: DPotassii et Sodii
Tartras, Quininae et Ureae Hydrochloridum,

RULES roR THE FoRMATION oF LATIN NOUNS

A few rules showing how the Latin names may be formed from the
English words will be of great assistance to the student of prescription
writ‘ilng. Most Latin names of drugs are merely Latinized English
words.

Alkaloids.—Alkaloids, and a few synthetic organic medicinals
which have English names ending in -ine are Latinized by changing
the -ine to -ina. Example: Quinine (English), Quinina (Latin nom.),
Quininae (Latin gen.).

Apomorphine, atropine, caffeine, epinephrine, morphine, physostig-
mine, scopolamine, etc., are a few common alkaloids which follow this
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rule. {&minopyrine, antipyrine, arsphenamine, and chloramine are
synthetic medicinals which also follow this rule.

Acids.—Iinglish names of acids may be Latinized by changing the
Engli'sh ending -ic to -icum, and -ous to -osum. Examples: Hydro-
chloric acid (English), Acidum Hydrochloricum (Latin nom.), Acidi
Hydrochloriei (Latin gen.); Nitrous acid (English), Acidum Nitrosum
(Latin nom.), Acidi Nitrosi (Latin gen.).

_Acid Radicals.—If the English name ends in -ate the Latin nomina-
tive ends in -as and the Latin genitive in -atis. Example: Sulfate (Eng-
lish), Sulfas and Sulfatis (Latin nom. and gen.). If the English name
ends in -ite the Latin nominative is -is, and genitive -itis. Examples:
Sulfite, Sulfis, Sulfitis. If the English word ends in -ide the Latin
nominative is formed by changing the final e to -um and the genitive
by changing tho -um to -i. Example: Bromide (English), Bromidum
(Latin nom.), Bromidi (Latin gen.).

Glucosides, Resinoids, Etc.—The Latin and the English names of
these substances are the sume except that the Latin name is formed
by adding -um to the English for the nominative and changes the -um
to -1 to form the genitive. Example: Strophanthin (¥English),
Strophanthinum (Latin nom.), Strophanthini (Latin gen.).

Many words ending in -in and -ine are Latinized by changing to
-inum. Examples:  Acectophenetidin  (English), Acetophenetidinum
(Latin nom.), Aecctophenetidini (Latin gen.). Carmine (English),
Carminum (Latin nom.), Carmini (Latin gen.).

Other words coming under this rule are: Albumin, Albuminum;
Aloin, Aloinum; Antitoxin, Antitoxinum; Glycerin, Glycerinum;
Benzoin, Benzoinum; Ihenolphthalein, Phenolphthaleinum; Toxin,
Toxinum.

Some words ending in -en or -ene form the Latin by becoming
-enum. Examples: Cinchophen—Cinchophenum—Cinchopheni. Eth-
ylene—Aethylenum—Aethyvleni.  Additional examples are: Mer-
baphen, Merhaphenum; Neocinchophen, Neocinchophenum; Naphtha-
lene, Naphthalenum; Tetrachlorethylene, Tetrachlorethylenum.

Metals.—The Latin name of metals is the same as English except
in the case of a few of the ancient metals. Examples: Sodium
(English), Sodium (Latin nom.), Sodii (L.atin gen.).

Other Drugs.—The English name is made the Latin name if suitable,
e.g., cinchona, opium, eolchicum, hyoscyamus, ete.

When the Fuglish ends in -ol the Latin nominative is the same,
and the Latin genitive is formed by adding -is Example: Phenol
(English), Phenol (T.atin nom.), Phenolis (Latin gen.).

LATIN PHRASES AND ABBREVIATIONS

Latin phrases and abbreviations which oceur frequently in preserip-
tions should be known. Some are a traditional part of prescription
writing and usually are employed in the directions to the pharmacist
or patient even though the rest of the prescription is written in
English. The pharmacist transeribes the directions to the patient,
however, in English. The following words and phrases are commonly
used:

ad libitum (ad lib.) at pleasure; freely; as much as
wanted

&na (aa or 4a) of each

ante (i) before

ante cibum (a.c.) before meals
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aqua

aqua destillata

bis in die (b.i.d.)

capsula (cap.)

chartula

cum (©)

dividatur in partes aequales
(d. in p. aeq)

fac; fiat; flant (f; ft.)

fac tales doses No. XX
gutta; guttae (gtt.)
hora (h.)

misce (M.)

misce et divide in
misce et fac solutionem
misce et pone in

misce et tere bene
nonrepetatur (non rep.)
numerus (No.)
pauperissimus (Pp.)
pilula (pil.)

post (p)

post cibum (p.c.)

pro re nata (p.r.n.)

quantum satis, sufficit, or
sufficiat (q.s.)
(q.s. ad)
quaque die (q.d.)
quaque hora (q.h.)

. .. (q.41h)
quater in die (q.i.d.)
secundem artem (S.a.)
semis (ss or &8)
8i opus sit (s.0.8.)
ter in die (t.i.d.)
tritura et fac tabellas
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water

distilled water

twice daily

capsule

powder

with

let it be divided into equal parts

make; let be made; let them be
made

make twenty such doses

a drop; drops

hour

mix

mix and divide into

mix and make a solution

mix and place into

mix and stir well

do not repeat

number

pauper

a pill

after

after meals

according to circumstances; occa-
sionally

a sufticient amount; as much as
is necessary

a sufficient amount to make

every day

every hour

every four hours

four times a day

according to the practice

one-half

if necessary

three times a day

triturate and make tablets

STATE AND FEDERAL LAWS

Every physician should familiarize himself with the laws of his
State and Country that particularly aflfect his profession. This applies
especially to those laws pertaining to the sale of narcotic poisons,
ergot, barbiturates, amphetamine, thyroid, and others.

Food, Drug and Cosmetic Act

This act was enacted into law on June 25, 1938. It prohibits the
movement in interstate commerce of adulterated and misbranded
food, drugs, devices, and cosmetics. It protects the public by requir-
ing honest labeling of the nation’s food, drugs, and cosmetics. The
Food and Drug Administration is charged with the responsibility of
enforcing this act. (For details of Act—J. A. M. A. 116: 830, 1941).

Virus, Serum and Toxin Act of 1902 provides for the maintenance
of potency and purity of biologic products. Licensing power is under
control of this agency. The United States Public Health Service
administers this act.

Food and Drug Act of 1906 was the first extensive national food
and drug law enacted by Congress. Dr. Harvey Wiley fathered the
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act and even though it had many shortcomings it was an important
milestone in food and drug regulatory measures.

The Caustic Poison Act ,of 1927 safeguards the distribution and
sale of dangerous caustic substances including acids and alkalies in

interstate and foreign commerce. It is enforced by the Food and
Drug Administration.

The Marihuana Act of 1937 regulates the importation, manufacture,
production, sale, and preseribing of marihuana. This act is enforced
by the Bureau of Narcoties of the United States Treasury Depart-
ment.

FEDERAL NARCOTIC REGULATIONS

The Harrison Anti-Narcotic Act was passed (March 1, 1915) for
the purpose of regulating manufacture, sale, dispensing, and pre-
seribing of narcotie drugs. The law applies to opium and coea and
all of their preparations, derivatives, and salts, natural or synthetic.

CHIEr Druas INCLUDED UNDER THE HARRISON ANTI-NARCOTIC ACT

Opium
Opium (powdered or granulated) Dionin
Lxtract of Opium . Pantopon

Tablets of Opium

Dover’s Powder

Tincture of Opium

Tincture of Dover’s Powder

Magendie’s Solution

Morphine Sulfate (powder, tablets,
or solution)

Codeine (alkaloid, salts, tablets, or
solution)

Dilaudid

Demerol Hydrochloride

Prescribing Narcotic Drugs.

Apomorphine Hydrochloride
Papaverine
Stypticin
Coca
Cocaine (alkaloid,
or solution)
Eucaine Hydrochloride
Phenacaine Hydrochloride (Holo-
caine)
Tropacoeaine Hydrochloride

salts, tablets,

Narcotic drugs may be prescribed
only by properly licensed physicians, veterinarians, and dentists.

The

preseribing of narcoties requires that the date, the physician’s name,
registration number, and address must be written on the preseription.
A physician must register with the Department of Internal Revenue
and be assigned a number. FEvery physician should secure from the
Federal Government the necessary instructions to meet the requirements

of this law.

indelible pencil.

The full name and address, and age of the patient must
also be recorded on the prescription.

The signature must be in ink or

Narcotic preseriptions cannet be given over the

telephone. A physician is permitted to prescribe only for patients whom

he attends in person,

R
Morphine Sulfate __._
Antipyrine . _______
M. ft. caps. no. vj.
Sig.:

For,

Such a preseription would appear as follows:

Frank B. Astroth, M.D.
Medical Arts Building,
St. Paul, Minn,

.............. gr.j
______________ gr.XXiv

One or two a day if needed.

Frank B. Astroth, M.D.
Jan. 5, 1048

Mrs. L. O. Rambo (age 38 yr.)

1499 Hythe St.,
St. Paul, Minn.

Federal Registry No. 506.
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The prescription cannot be refilled. When the amount of the drug
is unusual, as in treating a patient with an incurable disease, the
prescription should carry an explanation.

The conditions for which narcotics may be prescribed include:
1. All acute conditions at the discretion of the physician,
2. Incurable diseases under certain restrictions.
3. The treatment of addicts, also under certain restrictions,

Certain articles are exempt and may be prescribed without refer-
ence to the narcotic rules and may be purchuased without prescription.
These preparations must not contain more than 0.12 Gm. (2 grains)
of opium, or 0.015 Gm. (% grain) of morphine, or 0.06 Gm. (1'grain)
of codeine or other salt or derivative of opium per ounce.

Official preparations which are therefore exempt from the provisions
of the Federal Narcotic Law include:

a. Camphorated Opium Tincture, U.8.P.

b. Compound Opium and Glyeyrrhiza Mixture, N.F.

c. Terpin Hydrate and Codeine Elixir, N.F.

d. Expectorant Mixture, N.F.

e. Lead and Opium lLotion, N.F.,,and all preparations for applica-
tion on the skin, if they contain ingredients that may
render them unfit for internal use.

PRACTICAL CONSTRUCTION OF PRESCRIPTIONS

The construction of a prescription may proceed as follows: After
the sign B write the official name of the best remedy available
(basis), next the name of any drug that will aid or modify the
action (adjuvant) desired. Next select the most suitable form in
which to administer the medicine, whether powder, liquid, ointment,
etc. Then select any substance (corrective) that may be added
to render the mixture more agreeuble to the patient. Then add the
substance (vehicle) to dilute the active ingredients, Next decide:
(1) The amount of each ingredient to be contained in each individual
dose. (2) Size of the single dose (teaspoonful, tablespoonful if liquid;
bulk in case of solid medication). (3) Total bull: or volume (size of
single dose times the number of doses). Decide the number of doses to
be taken in a 16-hour day. (4) Then multiply the amount of in-
gredients in a single dose by the total number of doses.

Reassure yourself that there are no incompatibilitics or grammatical
errors. Write the directions to the pharmacist and also to the patient;
decide whether non repetatur is advisable, then check preseription.

The student can master the art of prescription writing very easily
by memorizing a few general principles and by constantly applying these
rules in writing useful prescriptions throughout his pharmacology and
therapeutic courses.

Correct prescription writing means good therapeutics. A doctor should
pride himself in building up his own armamentarium to draw from
when the occasion warrants it. Simplicity in prescription writing is
advisable; the art of combining drugs or of rendering a drug less
disagreeable is practicing the Art of Medicine,

CLASSES OF PRESCRIPTIONS

Two large classes of prescriptions are recognized, nonofficial and
official. A nonofficial prescription is a prescription written extem-
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poraneously by the physician, using drugs and doses as he sees fit for the
occasion. The official presecription is one which calls for a drug or
mixture by name, the recipe for which is found in the U.S.P., B.P., or
N.F. The following are typical examples:

Nonofficial Prescriptions.—

R
Potagsium Citrate - _____________ 15.00 Gm. (3ss)
Hyoseyamus TIACIUIC 1oyl parts, up to - 90.00 ce. (£5iij)
M. Sig.: Take a teaspoonful in half a glass of water every
hour until urine becomes acid or howels move.
B
Cod Liver Oil o __ 90.00 cc. (f3iij)
Peppermint Oil . _______ q.s.
SYTUD e q.8.
Acaciq e q.8.
Water . q.s. ad 240.00 ce. (£3viij)
Mix and make an emulsion.
Sig.: One dessertspoonful twice daily. (For prevention of
rickets.)
Official Prescriptions.—
B
Tincturae Todi, U.S.P. oo e 30.00 cc. (£3j)
5 Sig.: Apply once daily as directed. (Poison Label.)

Calaminae Lotionis, N.F. __________________ 180.00 cc. (£3vj)
Sig.: Apply freely to affected parts.

Percentage Prescriptions.—When preseribing drugs for local ap-
plication they may be given in percentage form as follows:

B

Salieylic Acid ... ... 3%

Benzoic Acid - _______________ 0%

Lanolin

}'\"hite Petrolatum __________________q.s. 30.00 Gm.
1

Sii,r.: Apply locally before retiring.

Nonprescription Orders.—Pharmacists usually make a professional
charge on presceriptions. If the physician wishes to avoid this charge to
the patient, he may, in the case of commercial articles, write the English
name of the article and the quantity, i.e. (Cod liver oil, 1 pint), but
he must not sign it, for this makes it a preseription. A preparation
which must be compounded extemporaneously will generally be treated
as a prescription, even though the order has not been signed.

WEIGHTS AND MEASURES

The study of weights and measures is known as metrology. An
accurate knowledge of the subject is necessary for the proper writing
of prescriptions. 'T'wo systems of weights and measures are in use
in this country: the apothecaries’ and the metric. Although the
metric system will ultimately be uniformly adopted, for the present it
is necessary to learn both systems.

Because of certain advantages found in both systems they have
been retained regardless of the repeated attempts which have been
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made to adopt the metric system in this country. The U.S.P. and N.F.
give dosages in the metric system.

The metric system is scientific, having been officially adopted
as the method of science in most countries; and, being a decimal
system similar to our monetary system, relative values of weights
and measures may be readily computed by change of the decimal
point. Measures in the apothecaries’ system, however, may easily
be divided into simple fractions, and the measuring of drops, tea-
spoons, tablespoons, ete., is readily understood by the laity.

Apothecaries’ Weights and Measures

In writing prescriptions in the apothecaries’ system the various
denominations for weight and volume are designated by certain
symbols or abbreviations, followed by the amount indicated in
Roman numerals. For example: gr. = grains; 3 = drachms; § =
ounces; M = minim; £f3 = fluidruchm; f§ == fluidounce; O = pint.

In writing prescriptions in the apothecaries’ system Roman, not
Arabic, numerals are employed. The quantity is repeated by the figures
with a dot over the ones, the last one usually being written as a j, thus:
i, ij, iij, iv, vj, x, xxj, x1, |, ete. Fractions are written as common frae-
tions and not as decimals: gr. 1/10, not gr, 0.1.

APOTHECARIES’ (OR Troy) WEIGHTS
(For Weighing Solid Medicines)

20 grains (gr.) = 1 seruple ()
3 scruples (D) = 1 drachm (3)
8 drachms (3) = 1 ounce (})

12 ounces (3) = 1 pound (lb.)

The scruple, either symbol or weight, is very rarely, if ever, used in
preseription writing.

APOTHECARIES’ Ok WINE MEASURES
(For Measuring Liquid Medicines)

60 minims (M) = 1 fluidrachm (f3)
8 fluidrachms (£3) = 1 fluidounce (f3)
16 fluidounces (f3) = 1 pint (0)

Metric System

The metric system is a decimal system, the denominations in-
creasing by tens and decreasing by tens. From the unit of length
(meter) are obtained the units of weight (gram) and the units of
capacity (liter),

The unit of the metric system is the meter—39.37 inches. The unit
of measure of volume is the liter. A container that is one-tenth of
a meter in each of its dimensions will hold a liter. The unit of weight
is the gram, the weight of one cubic centimeter of water at 4°
Centigrade.

Greater or lesser quantities are designated by either Latin or Greek
prefixes for 10, 100, 1,000, and 10,000. The Latin prefixes are deci
(one-tenth), centi (one-hundredth), and milli (one-thousandth), The
Greek prefixes are deka (ten), hecto (hundred), kilo (thousand), and
myria (ten thousand).

In prescription writing we use only two units, grams and cubic
centimeters, abbreviated Gm. and ce. In metrie prescribing the
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numerals precede the abbreviations and are written in the Arabic
characters, thus: 5 Gm.; 2 ece. To distinguish the abbreviation for
gram (Gm.) from that for grain (gr.) the former is written with a
eapital, and the latter with a small letter. Iractions of grams or cubic
centimeters are expressed by decimals, as: 1.2 ce., 0.003 cc., 0.5 Gm.,
5.50 Gm.
MEerric MEASURES
(For Weighing Solid Medicines)
1 milligram (1 mg.)= 0.001 gram (Gm.)
1 centigram 0.01 gram
1 decigram 0.1 gram
1 gram the weight of 1 cc. of water at 4° C.
1 kilogram 1000 grams

NI

METRIC FLUID MEASURES
For Measuring Liquid Medicines
g laq

1 cubic centimeter (1 cec.) = 0.001 liter
1,000 cubic centimeters (1,000 ce.) = 1.0 liter
The above-mentioned weights and measures are used in writing pre-
scriptions, but when drugs are hought and sold in large quantities the
avoirdupois weights are employed.

Avoirpurors WeGHTS

437.5 grains (gr.) = 1 ounce (oz.)
16 ounces = 1 pound (Ib.)
100  pounds == 1 hundredweight (cwt.)

An avoirdupois pound contains 7,000 grains or 16 ounces of 437.5
grains each, while a troy (apothecaries’) pound contains 5,760 grains,
or 12 ounces of 480 grains cach,

Tables I, 11, and III are given to show the relationship between
the two systems of weights and measures. For rapid approximate
transpositions of the metrie into the apothecaries’ or the reverse, the
approximate fizures are considered sutheiently accurate. The student
should learn the accompanying tables.

TABLE 1

FEQuivarLENT WEIGHTS AND MEASURES

APOTHECARIES’ B METRIC EQUIVALENTS
SYSTEMS SYMBOL APPR. EXACT

1 Minim*____________. m 0.06 cc. 0.06161 ce.
1 Grainooo o ._____. ar. 60 mg. 64.8 mg.
1 Seruple—-. .. —...__ IC) 1.3 Gm. 1.296 Gm.
1 Fluidraelm__. .._.._. f3d or 3 4 ce. 3.697  cc.
1 Drachm_o_.__________. 3 4 Gm. 3.888 Gm.
1 Fluidounce_ .o __.. f3 or 3 30  eec. 20.57 ce.
1 Ounce._ . ____. 3 31 Gm, 31.103 Gm.
1 Pintoo___________._. (6] 475 ee. 473.167  ce.

*The volume measure “minim’ should not be used interchangeably
for the approximate measure *‘drop.” The size of a drop is a function
of the viscosity, specific gravity, and temperature of the liquid; thus
48 drops of water measure 1 fidr, whereas 234 drops of chloroform are
required to produce the same volume. Fluid potent remedies should
always be measured and not dropped from the container,
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3 ’
METRIC SYSTEM APom;::;aws EQU;\;{;IEI'!:PNTS
1 Milligram (mg.)cecaaaa_-- Yo 8T 0.0154 gr.
1 Gram (Gm.)cceee 15 gr. 15.432 gr.
1 Cubic Centimeter (cc.)--_-. 15 m 16.23 m
1 Liter (L) coceoaoee . 33.8 3 33.81 13
TaBLE II
- EQUIVALENTS
FRACTIONS OF GRAIN METRIC EQUIVALENTS, GRAMS

1/ 2 e 0.03

1/ e 0.02

1/ e 0.015

B S 0.010

1 /8 e 0.008

/10 e 0.006

1/ e 0.005

) 7 0.004

1/80 0.002

1/60 - e 0.001

1/100 . 0.0006

1/120 0.0005

3/150 e 0.0004

1/200 - o o 0.0003

1/300 e 0.0002

1/600- - e 0.0001

HouSEHOLD MEASURES

1 drop (gtt.) 1 minim 0.06 ce.

1 teaspoonful 1 3 4.00 cc.

1 dessertspoonful 213 8.00 ce.

1 tablespoonful 4 3 16.00 ce.

1 teacupful 4 15 1235.00 ce.

1 glassful 8 f3 250.00 ce.
TasLE 111

MisCELLANEOUS CONVERSION TABLES

Inch 2.54 cm.
Meter 39.37 inches
Ounce Avoir. 28.35 grams
Ounce Troy 31.10 grams
Pound Avoir. 453.59 grams
Pound Troy 373.24 grams
Gallon U. S. 3.7854 liters
Gallon U. S. 231.00 cu. inches

Converting Grains, Drachms, and Ounces to Grams or ce.
1. Divide the number of grains by 15.
2. Multiply the number of drachms by 4.
3. Multiply the number of ounces by 30.
The result in each equals approximately the number of grams or cc.
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SIZES OF PRESCRIPTIONS

Quantities of pharmaceutical preparations used in presecriptions
should be limited to minimum requirements of cases. The custom
of prescribing in quantities too large places an unnecessary expense
on the patient and the unused portion remains as a monument to the
doctor’s poor judgment. There is always the possibility of the
medicines being used indiscriminately for other illnesses, with disastrous
results. The following list represents the amount usually prescribed
at one time.

Standard containers are supplied as follows: bottles for fluids, 15,
30, 60, 120, 180, 240, 360, and 480 cc. (%, 1, 2, 4, 5, 8, 12, and 16
ounces) ; boxes for capsules, pills and tablets, to hold 12, 50, 100 each
of these dosage forms; ointment jars to hold 15, 30, 60, 90, 120, and
240 grams (1% to 8 ounces).

The size of a preseription will vary, depending on the purpose for
which it is intended. ™The following are common sizes used.

Cough mixtures_ oo 120 to 200 cec. (£f3 4 to 8)
Capsules, Pills, Powders.____.__ 6 to 24
Emulsions - _________ 120 to 200 cc. (£f3 4 to 8)
Lotions oo e 120 to 200 cc. (£f3 4 to 8)
Eye lotions (‘‘drops’’)eoe—cae_o 15to 30 cc. (£ % to 1)
Injections, hypodermic or

intramuscular - ________ up to 2 ce. (up to M 30)
Injections, intravenous__________ up to 200 cc. (up to £f3 8)
Laniments . _______._.__200 to 400 cc. (f3 6 to 12)
Mouthwashes, Gargles..________ 60 to 150 ce. (£3 2 to 6)
Ointments e 15 to 240 Gm. (3 % to 8)

SPECIFYING MANUFACTURERS

There is a tendency on the part of the members of the medical pro-
fession to specify on the prescriptions the preparation of some particu-
lar manufacturer. Promiscuous specifying of special makes is usually
a sign of ignorance, as the present State and Nutional laws have prac-
tically forced a uniformly high standard.in manufactaring.

DOSAGE

The dose of a drug to be given a patient is largely a matter of
judgment. The Pharmacopoeia assigns to each drug and preparation
what may be considered an ‘‘average adult dose’’ an amount which
usually produces a therapecutic effect for which the substance is com-
monly employed, that is, once a day, twice a day, or at more frequent
intervals. This average dose may be increased or decrcased by the
physician to meet adequately the existing circumstances. As a rule the
U.S.P,, N.F., and N.N.R. do not list the total dosage or the number of
times the doses are to be given; this naturally rests with the physician.

The minimum dose is the smallest dose capable of producing a thera-
peutic effect. A marimum dose is the largest dose that can be adminis-
tered without producing poisonous effects. A toxic dose is a poison dose.
Physicians must remember that different persons will respond differently
to the same dose of the same drug. The term ‘‘minimal lethal dose’’
(M.L.D.) is the smallest dose producing death. It is important for
bioassays and the evaluation of margins of safety in drug studies.

Certain factors should be taken into consideration in determining
the drug dosage. The conditions that modify the action of drugs bave
been previously discussed. These fuctors should be considered before
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the dosage of any drug is decided upon. Of this group the factors
most liable to effect the actual needs of the patient are age, weight,
sex, idiosyncrasy, tolerance, and disease. 'I'hese factors not ounly
modify the single dose of a drug, but also the amount which can be
given in a day.

The frequency of the dosage is determined by the condition of the
patient or, if continued effect is desired, by the rate of elimination
of the drug. Disease affecting the excretory organs naturally plays
an important role in determining the frequency of administration
of drugs. Epinephrine, caffeine, chloral hydrate, iodides, salicylates,
physostigmine salicylate, solution of pituitary, and strychnine are
eliminated within a few hours, hence the intervals of repetition of
administration are measured in hours. Arsenic, barbituric acid
derivatives, bromides, digitalis, mercurial preparations, and thyroid
are eliminated more slowly, hence repetition of administration is
measured in days. The following examples illustrate the rapidity of
drug action:

Drugs which act rapidly are:

Alcohol Caffeine Salicylates
Ammonia Chloral Strychnine
Camphor Iodides

(Act in 1 minute to 1 hour)
Drugs which act slowly are:

Arsenic Digitalis Synthetic antipyreties
Atropine Mercury Synthetic hypnotics
Bromides Quinine Thyroid

(Act in several hours to 20 hours)
Drugs which tend to accumulale are:

Arsenic Bromides Mercury
Atropine Digitalis Strychnine

Some drugs, such as narcotics, bromides, most metals, gland extracts,
most cathartics, and quinine, are excreted in the milk. Therefore keep
in mind that the baby may suffer from the treatment given the nursing
mother.

The Pharmacopoeia and the National Formulary assign to each drug
and to most preparations an official dose. These doses are for adults
and are small enough to be safe under nearly all circumstances. In
actual Yractice larger doses are usually necessary. The dose for a child
is usually estimated as being a fractional part of the adult dose.

Dosage for Children.—Dnses tor children follow no definite rule.
Certain drugs, such as arsphenamine, atropine, digitalis, and the sulfon-
amides, are given to children in relatively larger doses than to adults.
Opiates, on the other hand, are relatively less well tolerated by infants
and children than by adults. Certain rules are, however, of assistance
in deltermining doses suitable for children. The following rules are
useful:

Clark’s Rule.—Divide the weight of child in pounds by the average
weight of adult (150), and take this fraction of the adult dose.
Example:

Weight of child 50 pounds
Adult dose 0.6 gram

50
Therefore 150 X 0.6 gram = 0.2 gram child’s dose.

This rule gives the best results and i based on scientific principles.
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Young’s Rule is*the most commonly used. This rule is based upon
the age of the child, regardless of weight. Divide age of child by
age plus 12, and the resulting fraction is the portion of the adult
dose to use. Thus for a child 6 years old the fraction would be

6
Sz °F 14 of the adult dose.

Cowling’s Rule uses a fraction obtained by taking the child’s age
at its next birthday for the numerator and 24 as the denominator.

Thus for a child of 2 years the fraction would be 344 or 14 of the adult
dose.

In comparison with the weight curve, the results obtained by this
rule are low for children under 4 years of age or over 15 years.

Dilling’s Rule divides the actual age of the child by 20 to form
the fraction in calculating the doses.

At 20 years, the adult dose.

At 10 years, 1, the age, 14 the dose.
At 5 years, ¥ the age, 14 the dose.
At 214 years, 14 the age, 1§ the dose.
At 1 year, 14, the dose (exception).

Fried’s Rule for Infants.—In case the age is less than one year the
ollowing method may be used in figuring the dosage. Divide age in
months by 150 and multiply it by the adult dose. For a baby of 6
months the dose would be 45, or 145 times the adult dose.

Dosage for Aged People.—In old age, the dose must be, as a rule,
somewhat less than that for adults. Irritant cathartics, emetics,
narcotics, and depressant drugs should be administered with caution
to old people. Above sixty years, the adult dose is reduced to four-
fifths or two-thirds, and even to one-half in extreme senility.

Memorizing of Dosages

The student must learn the doses of the most commonly used drugs.
This is not the task that it might appear to be if the dosage is learned
with the drug almost as part of the name of the drug. For example, think
of morphine sulfate and the dosage 10 mg. (1§ grain) as one and as
being inseparable. Rules of various kinds are of little value as aids
for remembering dosages. However, a few general principles are worth
remembering. Remember that:

STRENGTH DOSE
Powders (crude drug) 100% 0.3-2 Gm.
Fluidextracts (100 Gm. crude 100% 0.06-2 ce.
to 100 cc.)
Extracts (200 to 800 Gm. crude 200 to 0.015-0.3 Gm.
to 100 Gm. extract) 800%
Tinctures (10 Gm. crude to 100  10% 0.5-2 ce.
cc.)
Tinctures (less potent) 20% 4 cc.
Infusions 1 to 80% usually 2-30 ce.
Decoctions (5§ Gm. to 100 cc.) 5% variable
Spirits usually 15-30 minims
ixirs usually 4 cc.
Syrups 0.95 to 10 ce.

Aromatic Waters 15 ce.
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VEHICLES

A vehicle is a medium in which medicine is administered. It is gener-
ally employed in sufficient quantity to make a dose a readily measurable
amount, Examples: Syrups and aromatic waters in liquid preparations;
lard and wool fat in ointments; liquid petrolatum in sprays, etc. They
are relatively inert solutions, semisolids or solids, generally employed
in sufficient quantity to make the dose measurable. The selection of
the proper vehicle in the writing of prescriptions is of great im-
portance; the apparent reason proprietary remedies are so popular
is that they are dispensed in attractive and pleasant vehicles.

Vehicles may be classified as follows: (A) flavoring vehicles, (B)
coloring agents, (C) solid and semisolid vehicles, and (D) excipients.

FLAVORING AND COLORING VEHICLES

A large number of preparations are used in prescriptions for flavor-
ing and coloring, some preparations serving a dual purpose. Usually
flavoring or coloring is applied only to liquid preparations for oral
administration. However, powders may be flavored or even colored,
and pills or tablets may be coated with sugar to conceal undesirable
tastes and even colored to appear more attractive. In selecting a vehicle
for.a liquid prescription the physician must take into account the fol-
owing:

SoLuBILITY.—It is usually desirable to administer a drug in solution,
hence the vehicle chosen must naturally be one that will dissolve the
drug. In general, alcoholic vehicles, such as elixirs, tinctures, fluid-
extracts, and spirits, have a relatively greater solvent action for alka-
loids, oils, resins, etc., than aqueous preparations. Aqueous preparations
usually are much more solvent for salts and gums.

REACTION.—The reaction of the vehicle plays an important part in
its selection, especially because the acidity or alkalinity often affects the
color produced; furthermore a precipitation, with formation of different
compounds, results if ingredients of opposite reaction are placed in the
same liquid prescription. Examples: Carmine Solution, N.F,, is of a
purplish-red color in an alkaline medium, a bright red in a neutral
medium, and precipitates when the reaction is acid. Glycyrrhiza
Fluidextract, U.8.P., precipitates when the reaction becomes acid,
because ammonium hydroxide is added to the preparation to dissolve
the glucoside, glyeyrrhizin,

TASTE.—The taste of a preparation is an important element in secur-
ing the best of therapeutic results. A disagreeable preparation may
cause nausea and vomiting and in the end be refused by the patient
entirely. The ability to prescribe a pleasant and agreeable medicine
is important in securing the cooperation of the patient.

CoLor.—Coloring is almost equally as desirable as a suitable flavoring.
Often the flavoring provides the color, e.g., Compound Cardamom
Tincture, U.S.P., B.P., Wild Cherry Syrup, U.8.P,, etc.

INCOMPATIBILITY.—In selecting a vehicle one must be selected that is
capable of existing harmoniously with the other ingredients of the
prescription. The task of securing compatible prescriptions is not as
difficolt as it might seem if the gemeral rules on incompatibility listed
in this chapter are adhered to.

Select a Simple and Inexpensive Vehicle—Inexpensive vehicles should
be chosen, Yrovided they are satisfactory for the prescription. Water
is one vehicle which should be ewloyod whenever possible. The
aromatic waters, such as Peppermint Water, U.8.P., B.P., Fennel Water,
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U.8.P., etc., are excellent vehicles for disguising the taste of many salts.
Aromatic Elixir, U.8.P., is a good solvent, possesses an agreeable taste,
and is indicated in the prescribing of many salts and alkaloidal salts.
wild Cherry Syrup, U.8.P.,'B.P., and Syrup of Tolu, U.8.P., B.P,, are
excellent cough remedies. Cacao Syrup, N.F., and Aromatic Eriodic-
tyon Syrup, N.F., are excellent vehicles for quinine prescriptions.
Liquid Petrolatum, U.8.P., is often used in prescribing oil-soluble drugs;
Medicinal Soft Soap, U.S.P., B.P., is useful in prescribing liniments;
Lactose, U.8.P.,, B.P., is commonly used in prescribing powders. Pet-
rolatum, U.8.P., Lard, U.8.P.,, B.P., and Wool Fat, U.S.P., B.P., are
excellent vehicles for various ointments. .

A. Flavoring Vehicles

Flavoring is an important factor in preparing medicine to be taken
by mouth. It consists of imparting a suitable taste to a preparation
and it also consists in disguising disagreeable tastes. Improving
the tastes of medicines may be accomplished by dilution, by sweetening,
by the use of mucilages, acids, syrups, spirits, elixirs, and tinctures,
and by the use of drugs which paralyze the taste buds. It is well
to bear in mind that large doses may be taken with cereal or in thick
soup. Milk or tea may be uscd effectively for administering drugs.
Plain water, preferably cold, may aid in masking the taste of an ill-
tasting medicine, if given immediately following the ingestion.

The use of flavoring is especially important in dispensing prescriptions
to women and children. Since tastes vary widely in individuals, it is
well to consult the patient to determine his likes and dislikes before
prescribing medicine for his use. Flavoring vehicles may be divided
into two groups.

1. Aqueous Vehicles.—The aqueous vehicles most commonly used
for flavoring purposes are the aromatic waters, syrups, and to a lesser
extent the mucilages.

a. Aromatic Waters, or Aquae, are suitable vehicles for water-
soluble salts and other disagreeable-tasting substances. In aromatic
waters the quantity of active substance is sufficient to give a pleasant
flavor without imparting any noticeable therapeutic properties. Waters
do not keep well. The following are common aromatic waters. For
external use Rose Water is often used.

PREPARATIONS

Anise Water, dqua Anisi, U.S.P. A saturated solution of oil of anise
in distilled water. Dosage: 15 cc. (4 fluidrachms).

Camphor Water, Aqua Camphorae, U.S.P., B.P. Saturated solution of
camphor in distilled water. Dosage: 10 cc. (2% fluidrachms).

Chloroform Water, Aqua Chloroformi, N.F., B.P. Saturated solution
of chloroform in distilled water. Dosage: 15 ce. (4 fluidrachms).

Cinnamon Water, Aqua Cinnamomi, U.8.P. Saturated solution of cinna-
mon oil in distilled water. Dosage: 15 ce. (4 fluidrachms).

Fennel Water, Aqua Foeniculi, U.S.P. A saturated solution of fennel
oil in water. Dosage: 15 cc. (4 fluidrachms).

Peppermint Water, Aqua Menthae Piperitae, U.S.P. A saturated solu-
tion of peppermint oil in distilled water. Dosage: 15 cec. (4
fluidrachms).

Spearmint Water, 4Aqua Menthae Viridis, U.S.P. A saturated solution
of spearmint oil in water. Dosage: 15 cc. (4 fluidrachms).

Rose Water, Aqua Rosae, U.S.P. A mixture of stronger rose water with
distilled water.
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Stronger Rose Water, Aqua Rosae Fortior, U.8.P. Prepared by dis-
tilling fresh eabbage roses with water. .

b. Syrups are useful when a water solvent accompanied by a sweet
taste is wanted. Keep in mind high sugar content (dinbetic patients).
When mixed with strong aleohol the sugar may erystallize out. Usu-
ally syrups are used as vehicles, but in some cases they constitute the
full medication, e.g., Ferrous Iodide Syrup, Ipecac Syrup.

PREPARATIONS

Syrup, Syrupus, U.S.P., BP. Sucrose (85%) in distilled \yater. .
Acacia Syrup, Syrupus Acaciae, N.F. Acacia (10%) with sodium
benzoate, vanilla tincture, sucrose, and distilled water.
Citric Acid Syrup, Syrupus Acidi Citrici, U.S.P. Citric acid (1%),
flavored with lemon tincture, in syrup. For ammonium chlo-
ride, and citrates; incompatible with alkaline carbonates.
CAUTION—this preparation must not be dispensed if it has a tere-
binthinate odor or taste, or shows other indications of deteriora-

tion.

Orange Syrup, Syrupus Aurantii, U.S.P., BP. Swecct orange peel
tincture, citric acid, and sucrose in distilled water. I-jor
ammonium chloride, citrates, bitter drugs; incompatible with
alkaline carbonates. CAUTION—this preparation must not be dis-

msed if it has a terebinthinate odor or taste, or shows other
ndications of deterioration.

Cacao Syrup, Syrupus Cacao, N.F. Prepared Cacao (17.59;) vanilla
tincture, gelatin, sucrose, and distilled water. Absolute alcohol
content about 2 per cent. For atropine, caffeine, chloral hydrate,
ephedrine, quinine, and all bitter drugs.

Aromatic Eriodictyon Syrup, Syrupus Eriodictyi Aromaticus, N.F.
Eriodictyon fluidextract, potassium hydroxide solution, com-
pound cardamom tincture, sassafras oil, lemon oil, clove oil, aleo-
hol, sucrose, magnesium carbonate and distilled water. Absolute
alcohol content about 7 per cent. Dosage: 8 cc. (2 fluidrachms).

Glycyrrhiza Syrup, Syrupus Glycyrrhizae, U.S.P. Glycyrrhiza fluidex-
tract (25%) in fennel oil, anise oil, and syrup. Dosage: 8 cc.

Wild Cherry Syrup, Syrupus Pruni Virginianae, U.S.P. Wild cherry
(15%), in glycerin, sucrose, alcohol, and distilled water. Ab-
solute alcohol content about 1.5 per cent. Dosage: 10 ce.

Raspberry Syrup, Syrupus Rubi Idaei, N.F. Juice of ripe raspberries
in sucrose, alcohol, and distilled water. Absolute alcohol 1 to 2
per cent.

Compound Sarsaparilla Syrup, Syrupus Sarsaparillac Compositus,
U.8.P. Sarsaparilla fluidextract (20%), glycyrrhiza fluidextract,
sassafras oil, anise oil, methyl salicylate, and alcohol in syrup.
Absolute aleohol content about 10 per cent. ¥or ammonium
chioride, potassium ijodide, sodium bromide, and sodium salcyiate.
Dosage: 15 cc.

Sweetening Agents.—The usual sweetening agents are sucrose, glucose,
saccharin, and honey. Other sugars, such as fructose, lactose, and malt-
ose, may be used. Sucrose is usually used in the form of its saturated
watery solution or syrup. This saturated solution may be improved by
flavors, such as glyeyrrhiza or tolu, or by the addition of aromatics, such
as gn %omatic Elixirf'. 4

accharin is used for diabetic patients and in pill coating.
interest in the possible harmful effect of this sl:lbstance ?u a?;::::g
Earlier investigations of saccharin, however, have failed to revesl
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dangerous side reactions except from extremely large doses. Likewise,
the evidence does not reveal any reason why saccharin cannot be used
continuously in average sweeteping doses for an indefinite period. Many
patients have taken saccharin for years without harmful effect. Laec-
t«;;lo; is often used in sweetening powders and in the manufacture of
pills.

Relative Sweetening Power of Agents—If sucrose is taken as 100,
then levulose is about 175, glucose 75, maltose and galactose 33, lactose
16. Saccharin is 300 to 500 times as sweet as sucrose.

PREPARATION

Saccharin Sodium, Saccharinum Sodicum, U.S.P., B.P. Colorless or
white powder, odorless or nearly so with an intensely sweet taste.
Freely soluble in water (1 in 1.5) and soluble in alcohol (1 in
50). Sweetening agent, especially fqr diabetic patients. 0.03
Gm. is the equivalent of 1 ordinary lump of sugar. For general
sweetening use in proportion 1:10,000.

¢. MuCILAGES are suitable vehicles for water-soluble substances. They
are often employed in the preparation of emulsions and suspensions.

Mucilages are incompatible with alcohol and should be freshly prepared,

as they do not keep well.

PREPARATIONS

Acacia Mucilage, Mucilago Acaciae, U.S.P. Acucia (35%;) with ben-
zoic acid (0.29) in water. B.P.,, Acacia (35%) in aqueous
solution of benzoic acid. CavTiION—Acacia Mucilage must not
be dispensed if it has become sour or moldy.

Tragacanth Mucilage, 2Mucilago Tragacanthac, T.S.P. Tragacanth
(6%) in glycerin (18¢;) and aqucous solution of benzoic acid.
Used for suspending insoluble powders for external use; used in
lotions (1-2%). B.P., Tragacanth (1.25%) in chloroform water.

2, Alcoholic Vehicles.—Alcoholic vehicles are suitable as either
vehicles or flavoring agents for substances soluble in alcohol. They are
suitable for flavoring syrups. The properties of aleohol, such as ability
to dissolve insoluble oils, alkaloids and resing, preservative action, ability
to precipitate certain aqueous solutions, its pharmacological action, must
be remembered.

a. ELIXIRS are sweetened aromatic alcoholic solutions, used similarly
to syrups as flavoring vehicles. Their alcoholic content is usually 25
per cent. High sugar content should be borne in mind when prescribing
for diabetic patients.

PREPARATIONS

Compound Benzaldehyde Elixir, Elirir Benzaldehydi Compositum, N.F.
Benzaldehyde (0.059¢), vanillin, orange flower water, alcohol
(5%), syrup, and distilled water.

Aromatic Elixir, Elixir Aromaticum, U.S.P. Compound orange spirit
in syrup, purified tale, alcohol and distilled water. Absolute alco-
hol content about 23 per eent. It has a plensant orange flavor,
and is useful for dissolving drugs that are more soluble in aleo-
hol than in water. It is particularly suitable for disguising the
nauseating taste of sodium salicylate.

Red Aromatic Elixir, Elizir Aromaticum Rubrum, N.F. Aromatic elixir
colored with cudbear. Absolute aleohol content about 23 per cent.

Glycyrrhiza Elixir, Elizir Glycyrrhizae, N.F. Glyeyrrhiza fluidextract
(12:5%) and aromatic elixir. Absolute alcohol content about
22 per cent.
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Iso-Alcoholic Elixir, Elizér Iso-Alcoholioum, N.F. A mixture of low-
aleoholic elixir (8 to 10 per cent of C,H,OH) and & hn'gh-aleoho'hc
elixir (73 to 78 per cent C,H,OH) in definite proportions and in-
tended to serve as a general vehicle for various medicaments that
require solvents of certain aleoholic strengths.

b. SPIRITS, or alcoholic solutions of volatile drugs, contain about 50
per cent alcohol; used in small quantities as flavors added to other
vehicles for flavoring purposes.

PREPARATIONS

Anise Spirit, Spiritus Anisi, N.F. Anise oil (10%) in alcohol. Ab-
solute alcohol content about 84 per cent. Dosage: 1 cc. (15
minims). .

Peppermint Spirit, Spiritus Menthae Piperitae, U.S.P., B.P. Pcppermint
oil (10%), colored with peppermint in alcohol. Absolute alcohol
content about 82 per cent. Dosage: 1 ce. (15 minims).

Spearmint Spirit, Spiritus Menthae Viridis, U.S.P. Spearmint oil
(10%), colored with spearmint in alecohol. Absolute aleohol con-
tent about 82 per cent. Dosage: 1 ce. (15 minims).

Jompound Vanillin Spirit, Spiritus Vanillini Compositus, N.F. Vanillin,
orange oil, cardamom oil, cinnamon oil, and aleohol. Absolute
alcohol content about 68 per cent.

¢. TINCTURES may also be used as vehicles. The alcohol content varies
from 45 to 76 per cent; they usually cloud upon addition of water.

PREPARATIONS

Bitter Orange Peel Tincture, Tinctura durantii Amari, U.S.P. Bitter
orange peel (20%) in alcohol and distilled water. Absolute
aleohol content about 60 per cent. Dosage: 4 ce. (1 fluidrachm).

Sweet Orange Peel Tincture, T'inctura Aurantic Dulcis, U.S.P.; Tine-
tura Aurantii, B.P. Sweet orange peel from fresh fruit (50%)
in alcohol. Absolute alcohol content about 75 per cent. Dosage:
4 ce. (1 fluidrachm).

Tolu Balsam Tincture, Tinctura Balsami Tolutani, U.S.P. Tolu balsam
tincture (5%) with magnesium carbonate and distilled water.
Dosage: 10 cc. (2% fluidrachms).

Compound Cardamom Tincture, Tinctura Cardamomi Composita, U.S.P.,
B.P. Cardamom seed (2%), cinnamon, caraway, and cochineal
in diluted alcohol and glycerin. Absolute alcohol content about
45 per cent. Dosage: 4 ce. (1 fluidrachm).

Compound Gentian Tincture, Tinclura Gentianae Composita, U.S.P.,
B.P. Gentian (10%), bitter orange peel and cardamom seed in
glycerin, alcohol, and distilled water. Absolute alcohol content
about 45 per cent. Dosage: 4 ce. (1 fluidrachm).

Compound Lavender Tincture, Tinctura Lavandulae Composita, U.8.P.
Lavender oil, rosemary oil, cinnamon, clove, myristica, and red
saunders in alcohol and water. Absolute alcohol content about
70 per cent. Dosage: 2 ce. (30 minims).

Lemon Tincture, Tinctura Limonis, U.S.P., B.P. Fresh lemon peel
(50%) t.treated with alcohol. Absolute alcohol content about 73
per cen!

Pract:lul !’lavorlng.—.A. pleasant flavor may add much to the
eﬂectxvgngsg of a prescription. In the matter of taste we distinguish
four primitive taste sensations, sweet, sour, bitter, and salt; some
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authors add to these alkaline and metallic tastes. The following means
are suggested for the improving and disguising of the tastes of liquid
medicines. ,

1. Sweet Taste—Aromatic Elixir, U.8.P,, Glycyrrhiza Elixir, N.F.,

and simple dilution.

2. Sour Taste.—Compound Sarsaparilla Syrup, U.8.P., Cacao Byrup,

N.F., Raspberry Syrup, N.F. ’

3. Bitter Taste—Aromatic Eriodictyon Syrup, N.F. Cacao Syrup,
N.F., Raspberry Syrup, N.F.; for children, Glycyrrhiza Syrup, U.8.P,,
Fennel Water, U.8.P.,, Anise Water, U.S.P.,, Tolu Balsam Tincture
(8yrup of Tolu), U.8.P. (the latter is excellent for cough remedies).

4. Salt Taste—Orange Syrup, U.8.P.,, B.P., Peppermint Water,
U.8.P., RP. Compound Sarsaparilla Syrup, U.8.P., Glycyrrhiza Elixir,
N.F., Saccharin Sodium, U.8.P., B.P., carbonated water, milk, or simple
dilution.

5. Alkaline Taste.—Cacao Syrup, N.F., Peppermint Water, U.S.P.,
B.P., milk, or carbonated water.

6. Metallic Taste—Orange Syrup, U.S.P., B.P., Aromatic Eriodictyon
Syrup, N.F.

Relative Worth of Flavors.—The relative worth of various vehicles
of the U.S.P. and N.F. as agents to disguise the tastes of ammonium
chloride and quinine hydrochloride has been satisfactorily established by
Purdum (1942).

AMMONIUM CHLORIDE QUININE HYDROCHLORIDE
1. Glycyrrhiza Syrup 1. Syrup of Prepared Cacao, N.F.
(H VI

2. Raspberry Syrup, N.F.
3. Orange Flower Syrup
4. Citriec Acid Syrup

. Glycyrrhiza Syrup

. Cacao Syrup, N.F.

. Aromatic Eriodictyon Syrup,
N.F.

Lo M)

5. Syrup of Tolu 5. Thyme Syrup, N.F.
6. Acacia Syrup, N.F. 6. Glycyrrhiza Elixir, N.F.
7. Orange Syrup 7. Syrup of Tolu
8. Aromatic Eriodictyon Syrup, 8. Compound Sarsaparilla Syrup
N.F.
9. Cherry Syrup, N.F. 9. Raspberry Syrup, N.F.
10. Cacao Syrup, N.F. 10. Cherry Syrup, N.F.

B. Coloring Agents

The selection of the proper coloring agent is almost as important
as flavoring. In some cases the vehicle chosen provides both the
coloring and flavoring. The usual colors for internal use are red,
brown, and yellow. Table IV lists colors which are employed in
proportions of about 1 per cent.

Alkanet in the form of 10 per cent tincture (unofficial) is satis
factory for coloring oils red.

Carmine (powder) is used to color ointments and dental preparations.

PREPARATIONS
‘aramel, Caramel, N.F. Dark Brown, syrupy, somewhat bitter liquid.
Freely soluble in water and in diluted alcohol; insoluble in 80
per cent alcohol.
Glycyrrhiza Fluidextract, Fluidextractum Glycyrrhizcae, U.S.P. Glycyr-
rhiza (100%). Absolute alcohol content about 22 per cent.
Dosage: 2 ce. (30 minims).
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TABLE 1V

TABLE OF COLORING AGENTS
Red Colors

COLOR- SOLUBLEL (:(r; COLOR REAC'PIONA _ SUITABLE FOR
ING ALCO- . - .
agEnTg | WATER 0| Acp NEUTRAL | "0 COLORING

Cudbear |Yes Yes |Red (sl. |Deep red |Purple |For aqueous and
Tincture ppt.) red alcoholic solu-
N.F. tions; acid, al-

kaline, and neu-
tral

Cochineal |Yes Sl |Red (sl. |Bright |[Purplish |For aqueous and
Solution ppt.) red red alcoholic solu-
N.F. tions; acid, al-

kaline, and neu-
tral

Amar- Yes Sl. |Magenta |Magenta |Dark red {Aqueous liquids,
anth red red alcoholic liquids
Solution (up to 50%)
U.S.P. neutral, alka-

line, or acid.

Com- Yes Yes |Bright [Violet- |Deep For aqueous and
pound violet- | crimson | violet- | aleoholic solu-
Carda- crimson crimson | tiomns; acid, al-
mom kaline, and neu-
Tincture tral
U.S.P.

Com- Sl Yes |Red Reddish {Purple |For alcoholic or
pound purple hydro-alcoholic
Laven- solutions
der (aqueous solu-
Tincture tions may re-
U.8.P. quire filtra-

tion) ; acid,
alkaline, and
neutral

Carmine |Yes Sl |Ppt. Bright  [Purplish |Neutral or alka-
Solution red red line aqueous or
N.F. alcoholic (up to

50%) liquids
Brown Colors

Com- Yes Yes [Brown |Reddish |Dark red|For aqueous and
pound brown | to alcoholic solu-
Cudbear purplish| tions; acids, al-
Tincture kaline, and neu-
N.F. tral
Caramel |Yes Yes |Brown |Brown [Brown |For aqueous and

F. (dark) | alcoholic solu-
tions; acid,
alkaline, and
neutral
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TABLE IV—CoNT’D

COLOR- SOLUBLE IN  COLOR REACTION
ING ALCO- ALKA- SUITABLE FOR
acENTs | WATER | on ACID | NEUTRAL| /- o0 COLORING
Glyeyr-  [Yes Yes |Ppt. Brown |Brown |For aqueous and
rhiza alcoholic solu-
Fluid- tions; alkaline
extract and neutral
U.8.D, solutions (not
acid)
Yellow Colors
Hydras- |Sl. Yes |Yellow |Yellow |Yellow |Neutral, alkaline,
tis or acid alco-
Tincture holic or hydro-
N.F. alcoholic liquids
(aqueous liquids
may be cleared
by filtration)
(urcumu |Yes Yes |Yellow |Yellow [Reddish [Neutral, acid
Tincture! (sl brown | aleoholic liquids
N.O. ppt.) (aqueous solu-
tions ppt. but
may be filtered)

Amaranth Solution, Liguor .Amaranthi, U.S.P. Amaranth (1%) in
distilled water.

Carmine Solution, Liquor Carmini, N.F. Carmine in ammonia water,
glycerin, and water.

Coehineal Solution, Liquor Cocei, N.F. Cochineal (6.5%¢), potassium
carbonate, alum, potassium Dbitartrate, glycerin, and distilled
water.

Curcuma Tineture, Tinctura Curcumac, Nonofficial,

Hydrastis Tineture, Tinctura Hydrastis, N.F. Hydrastis (209¢) yield-
ing about 0.5 per cent of alkaloids: in aleohol and water. Ab-
solute aleohol content about 60 per cent. Dosage: 8 ce. (2
fluidrachms),

Cudbear Tincture, Tinctura Persionis, N.F. Cudbear in alcohol and
water. Absolute aleohol content ahout 64 per cent.

Compound Cudbear Tineture, Tinctura Persionis Composita, N. F. Tine-
ture of cudbear and caramel in aleohol and water.  Absolute
aleohol content about 22 per cent.

C. Solid and Semisolid Vehicles

1, Oreams.—These greparntions may be defined as mixturcs of fat
or fatlike substances bound together with water through physical-chem-
ical intermedinries. Hydrous wool fat has for years been used for the
manufacture of creams. Saponified creams are also useful but are un-
able to tolerate electrolytes.

The sulfonated oils are valuable binding agents of the physical-
chemical class. Diglycol laurate and diglycol stearate are useful new
chemicals for binding or emulsifying nonmiscible fats and water. The
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higher alcohols, including stearyl, octyl, and cetyl alcohol, are impor-
tant constituents of creams. As little as 2 per cent cetyl alcohol im-
proves any cream. It also causes the skin to assume a velvety sheen and
feel. It assists in combining fat and fatlike substances with water.

Glyceryl monostearate is an excellent emulsifier and binding agent.
Preparations containing this substance are little affected by change in
pH and are not incompatible with acid or alkaline remedies.

Sulfonated oils, such as sulfonated castor oil or sulfonated olive _oil.
are available in all degrees of sulfonation. They are useful conmstitu-
ents of soapless shampoo ingredients and rarely cause any skin reactions.
The light or heavy U.S.P. liquid petrolatum should not be used in
dermatological preparations, but a low viscosity (55-80) petrolatum is
recommended.

The following creams are useful:

VANISHING CREAM

B
Glyceryl Monostearate - ——___ 12 Gm.
Yellow Wax . ______________ 2 Gm,
Glyeerin - __________ 6 e,
Corn Oil L ___ 1 ce.
Water . gs.ad 100 G

HAND CREAM

B
Glyceryl Monostearate - _—_____ 16 Gm.
Lanolin, Hydrous - __.________ + G,
Cetyl Alecohol . _________ 1 Gm,
Liquid Petrolatum ______________ 4 ce.
Cotton Seed Oil ____ - _________ + ce.
Corn Oil L ___ 4 ce.
Water - ___ qs.ad 100 ce.

2. Ointments.—Ointments, greases, or pomades are mixtures of fat
or fatlike substances physically bound together, essentially free from
water. They may contain other drugs or modifiers. They possess a
melting point approximately the same as that of the skin. They adhere
to the area, prevent evaporation, and are protective. They engender
heat and cause congestion.

Ointment bases may be classified as follows: (a) EPIDERMIC ointment
bases are intended to limit activity to the skin surface. Their in-
gredients include mineral oil, mineral waxes, or combinations.

(b) ExpopErMIC ointments are intended to produce activity by per-
mitting the drug to penetrate into the skin. Lard and wool fat are two
typical examples of bases of this type of ointments.

. (c) DiapErMIC ointments are designed to assist passage of the med-
icament through the skin. Certain volatile oils are effective on applica-
tion in a diadermic base ointment,

Hydrogenated fats, with all degrees of hydrogenation, are available
commercially. These are useful ointment bases.

Cerates are combinations of fatty bases and waxes which are not soft
enough to melt and run when applied to the skin.

Pastes are ointmentlike mixtures of powders with equal parts of
glycerin, soft soap, petroletum, lard, etc They are protective and
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soften the skin; they are porous and tend to relieve congestion.
Bentonite is & good carrier for chemical reducing action in pastes.

The following ointments are useful:

SULFUR OINTMENT

B
Washed Sulfur - ___________ 20 Gm.
Potassium Carbonate _______._ _____ 10 Gm.
Water e 10 ce.
Wool Fat - __ 10 Gm.
Hydrogenated Oil —_..________ gs.ad 30 Gm.

Dissolve potassium carbonate in water, incorporate
with wool fat, mix with sulfur and hydrogenated

oil.
SCALP POMADE
B

Resorcinol Monoacetate - _____ 4 Gm.
Castor Oil —__________ B, 30 cc.
Sesame Oil ___________ __________ 30 ce.
Cetyl Alcohol ___ . ___._ ________ 2 Gm.
Ceresin - . _____ 20 Gm.
Hydrogenated Oil
Petrolatum______________. ad q.s.ad 100 Gm.

3. Protective Ointments are used to protect the skin from irritants.
These preparations must be nonirritating and nonsensitizing, be pro-
tective, and finally, easily applied and easily removed.

(a) SIMPLE VANISHING CREAM is an emulsion of stearic acid in water
containing soap. The cream does not reully vanish. After evaporation
of the water, a thin, almost invisible, nongreasy layer remains which
acts as an excellent foundation for application of powder. YWhen rubbed
into the skin, vanishing cream fills the pores with soap which facilitates
removal of dirt.

R
Stearic Aeid - . . ___ 20 Gm.
Sodium Carbonate - ___________ 2 Gm.
Glyecerin oo . 6 cc.
Water o 78 cc.

(b) PROTECTIVE OINTMENTS AGAINST OILS, GREASES, PITCH, SUN-
LIGHT.—

B
Anhydrous Lanolin . _________ 70 Gm.
Castor Oil - o 30 ce.
Perfume q.s.

(¢) DETOXIFYING PROTECTIVE OINTMENTS.—A cream designed to pro-
tect againat alkalies may well contain boric or benzoic acid, in-
tended to neutralize the alkalies. The presence of the fat or oil may
further combine with the acid to form a soap. A protective cream
agninst acids may contain soap and magnesium hydroxide. Any sub-
stance which may be detoxified by oxidation may contain a nonirritant
oxidizer such as the various oxidizing peroxides, or one that gives off
chlorine as dichloramine-T.
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(d) PROTECTIVE OINTMENTS CONTAINING INERT Pownzn-s.-—'rhe
powder may be calamine, zinc oxide, bentonite, etc. The adhesive may
be gum benzoin and a vanishing cream,

B
Zine Oxide --ccomcmmeeaeee 5 Gm.
Tale oo 5 Gm.
Iron Oxide —ccoeooo oo 1 Gm.
Gum Benzoin .. ________________ 2 Gm.
Vanishing Cream - ______ 60 Gm.
Aleohol oo 15 ce.
Water e 10 cec.

(e) PROTECTIVE OINTMENTS AGAINST SUNLIGHT.—Rays of the sun
which cause burning may be screened out by certain chemicals. These
substances include methyl salicylate, aesculin, cycloform, methyl ben-
zoate, benzyl salicylate, quinine oleate, tannates, and tannic acid.

B
Lanolin - ___ _____ . _______ 58 Gm.
Castor Oil . ___ 30 ce.
Titanium Dioxide - 5 Gm.
Methyl Salieylate - __._______ 5 cc.
Duponal - __ 2 ce.

Perfume q.s.

Note: Many combinations may be made by incorporating two or
more of the ointments described.

PREPARATIONS

Lard, 4deps, U.S.P.,, B.P. The purified internal fat of the abdomen of
the hog. Insoluble in water, and only slightly soluble in alcohol.

Benzoinated Lard, A4deps Benzoinatus, U.S.P., B.P. Somewhat anti-
septic and less liable to become rancid than ordinary lard.

Hydrous Wool Fat, ddeps Lanae Hydrosus, U.S.P., B.P. (Lanolin).
Wool fat with about 27 per cent of water.

Cerate, Ceratum, N.F. White wax (309%) and benzoinated lard.

Rosin Cerate, Ceratum Resinae, U.S.P. Rosin, yellow wax, and lard.

Petrolatum, Petrolatum, U.S.P. Paraffinum Liquidum, B.P. A purified
semisolid mixture of hydrocarbons from petroleum. Insoluble
in water and almost insoluble in aleohol.

White Ointment, Unguentum Album, U.S.P. (Simple Ointment). White
petrolatum 90 per cent, wool fat 5 per cent, white wax 5 per
cent.

Rose Water Ointment, Unguentum Aquae Rosae, U.S.P. Sodium horate
(0.5%), spermaceti, white wax, almond oil, rose water, and rose

oil.
Zine Oxide Ointment, Ungucntum Zinci Ozidi, U.S.P. Zinc oxide
(20%), wool fat, and white petrolatum. B.P., 15 per cent ZnO.

D. Excipients

Excipients are substances of a more or less inert nature added to a
prescription in order to confer a suitable consistency or form to the
drug. Excipients may be liquid or solid substances.

1. Moist Excipients.—Included in this group are the glycerites (of
acacia, starch, tragacanth), honey, simple syrup, and water.
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2. Bolid Excipients.—The common solid excipients are acacia,
albumen (egg), starch, althea, glyceyrrhiza, kaolin, lactose, petrolatum,
and soap. .

The choice of the excipient may be left to the pharmacist. For
oxidizing substances, such as potassium permanganate, the diluent
should be an inert powder, such as kaolin, and the excipient an inert
substance, like petrolatum.

Pills intended to pass through the stomach unchanged, but to be
dissolved in the intestine, are known as ‘‘enteric pills.”’ 'These pills
are coated with salol, keratin, stearic acid, hardened gelatin, ete.
Pills may also be ‘‘chocolate coated’’ to improve their taste, appear-
ance, and keeping qualities.

Propylene Glycol, N.F. Racemic propylene glycol, CH,CHOH.CH,-
OH, is used for pharmaceutic purposes as a diluent. Its toxicity is
similar to that of glycerin. As ordinarily employed it may be consid-
ered practically nontoxic.

PREPARATIONS

Althea, Althaea, N.F. (Marsh Mallow Root ).

Starch, Amylum, U.S.P., B.P. (Cornstarch).

Starch Glycerite, Glyeritum Amyli, U.S.P. Glycerinum Amyli, B.P.
Starch (10%), distilled water (209), benzoic acid and glycerin.

Glyeyrrhiza, Glycyrrhiza, U.R.P., B.P. (Licorice Root). The prepara-
tions are incompatible with acids,

Kaolin, Kaolinum, N.F., B.P. Purified native hydrated aluminum
silicate.

Lactose, Lactosum, U.S.P., B.P. Obtained from cow’s milk.

Honey, Mel, N.F. Mel Depuratum, R.P,

INCOMPATIBILITY

The word ¢¢incompatibility’’ means that the ingredients are incapable
of existing together in harmony. Thus a preseription is incompatible
when its ingredients will produce one or more of the following changes:
(1) decomposition; (2) precipitation; (3) liquefaction; (4) deteriora-
tion; (5) explosion; (6) antagonistic action; (7) or do anything that
defeats the prescriber’s intent.

Incompatible prescriptions result from carelessness or igmorance on
the part of the prescriber. If the incompatibility is not corrected by
the pharmacist, the therapeutic results desired may not be obtained or
in some instances the mixture may prove harmful or even fatal to the
patient.

In writing a prescription which contains more than one drug, one or
more of the above-mentioned changes may result from the mixture, un-
less the prescriber exercises extreme carc in considering the properties
of the ingredients entering into the prescription. Four classes of incom-
patibility are of interest in prescription writing:

1. Physical Incompatibility occurs when there is a change in the
physical state of one or more of the ingredients, such as precipita-
tion, liquefaction or other undesirable physical change.

2. Chemical Incompatibility involves a chemical interaction between
the ingredients. These changes may consist of the formation of new
03 éittlngerous compounds, or the destruction of some of the compounds
added.

3. Pharmaceutical Incompatibility occurs when either a chemical
or & physical change takes place, which, while not affecting ita
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therapeutic value, renders it unsuitable for administration because of
its undesirable appearance, taste, or smell.

4. Therapeutic Incompatibility occurs when the constituents of a
prescription produce antagonistic physiological actions when admin-
istered.

COMMON INCOMPATIBILITIES.—

Acacia is precipitated by alcohol, borax, and ferric chloride tincture.

Acids, unless very dilute and in small amounts, should be pres_cnbed
alone. They combine with bases to form salts, and are incom-
patible with oxides, alkalies, alkaline salts, hydrates, and carbon
ates. They usually precipitate albumin, .

Alcohol in sufficient concentration precipitates gums, albumin, and
many inorganic salts from their aqueous solution.

Alkalies and Alkaline Carbonates should rarely be prescribed in solu-
tion with other drugs. They form salts with acids and pre
cipitate many metallic alkaloidal salts.

Alkaloidal Salts should rarely be combined with other drugs in solu-
tions. They are precipitated by alkalies, alkaline carbonates,
earthy carbonates, preparations contuining tannic acid, and by
iodides in solution. Any precipitation of alkaloids might result
in the last dose of a bottle of medicine being a dangerous one.

Arsenic (arsenous acid, arsenic trioxide) should generally be pre-
scribed in solution alone. Tt is precipitated by salts of iron,
magnesia, and solutions of lime.

Bromides in solution should not be combined with alkaloids. They
precipitate the salts of morphine, quinine, and strychnine from
neutral solutions.

Chlorates and other oxidizing substances may cause an explosion
when triturated dry with any of a number of organic substances
which are readily oxidized.

Epinephrine is decomposed by alkalies, alkaline carbonates, and
hydroxides.

Glucosides, e.g., glycyrrhizin, are destroyed by acids.

Iron Salts—Ferric salts are precipitated from aqueous solutions by
alkaline hydroxides and carbonates; they form a blue-black solu-
tion or precipitate with tannic or gallic acid; they form a
violet color in dilute salicylate or phenol solutions. Ferrous salts
give white precipitates with tannic acid and gallic acid, and these
turn black on standing due to conversion into the ferric state.

Mercury Salts.—Mercuric salts precipitate alkaloids, glucosides, pro-
teins, tannin, and antipyrine. Mercuric chloride forms a double
salt with potassium jodide which is soluble in the excess of either
of the original salts. (A common error is the administration of
a mercurous preparation, especially to the eye, in a person who
is taking iodides.) Mercury salts are often incompatible with
other metals. The mercuric or mercurous salts of halogens form
a black precipitate with the fixed alkaline hydroxides and with
limewater,

Oils and Fats form soaps with alkaline hydroxides, metallic oxides
and limewater.

Ozidieing Agents (nitrates, nitrites, manganese, chlorates, bromine,
odine, bromates, iodates, permanganates, etc.) may react vio-
lently with reducing agents (tannins, glycerin, sugar, alcohol,
ether, sulfates, pyrogallol, arsenous acid, ferrous and mercurous
salts, etc.).
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Resins, including oleoresins, fluidextracts and tinctures containing
resins, should not be prescribed in watery solutions, though they
may be ordered in emulsions by suspending them with the
mucilage of acacia or ‘tragacanth. They are all precipitated by
water.

Salicylates, Phenol, and Tannin precipitate or color iron salts.
Tannin also precipitates most other metals, alkaloids, some
glucosides, and neutral principles. Salicylates precipitate quinine.

Salts of Metals are precipitated by alkaloids, sulfides, tannin, and
proteins. They precipitate some alkaloids and acacia. Mereuric
salts are often incompatible with other metals. Silver and lead
salts are precipitated by chlorides, bromides, and iodides. Silver
salts are also incompatible with organic substances. Iron salts
are colored by tannin, salicylate, and phenol.

Spirits should not be prescribed with watery preparations. They
become cloudy on the addition of water.

Water should not be added to:

Alcoholic liquids in general (such as tinctures, spirits, fluid-
extracts, with some exceptions); or to ethereal liquids (oleo-
resins), or oils.

(Phenol should not be mixed with collodion.)

Prescribe Official Drugs

The modern physician will usually find a sufficient number of useful
drugs in the United States Pharmacopoeia, National Formulary, or the
New and Nonofficial Remedies. There is seldom need of preseribing
proprietary preparations. The druggists can supply various preparations
complying with officinl standards, which he purchases in bulk, and sells
without a firm name. Usually the nonproprietary drugs will sell for
less. When drugs are prepared and standardized according to the U.S.P.
or N.F. there should be little choice of brands. The following table
gives comparative costs of proprietary and Official Drugs.

CoMPARATIVE CoST PER 30 GRAMS

Proprictary Official
Adrenalin $0.89 Epinephrine Solution $0.60
Anesthesin 1.60 Ethyl Aminobenzoate .55
Argyrol 1.50 Silver Protein 52
Luminal 1.50 Phenobarbital .30
Novocain 2.00 Procaine Hydrochloride 1.43
Phenacetin .63 Acetophenetidin .18
Pyramidon .81 Aminopyrine 47
Veronal 3.00 Barbhital .59

Safety QGeneralities in Prescribing

The medical student can hardly master the general field of incom-
patibility in the time allotted him; the following suggestions, how-
ever, may help him:

1. Preseribe simple drugs, the pharmacology of which is understood.

2. Retain a knowledge of the elementary chemical reactions.

3. Most vegetable drugs contain tannin which reacts with such
substances as alkaloids and iron salts.

.4 Avoid mixing acid-reacting drugs with substances having alka-
line reaction unless the reaction is desired.
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5. In general do not mix strong alcoholic solutions (tinctures,
elixirs, flnidextracts) with water or aqueous preparations. .

6. Prescribe the generally incompatible drugs alone (acids, alkalies,
jodides, bromides, heavy metals, alkaloids, tanunins, carbonates,
salicylates, permanganates).

7. When in doubt about the solubility of a drug in the solvent
used, increase solvent in the individual Jdose.

8. Learn a few compatible combinations. For example: Compound
Sarsaparilla Syrup, U.S.P., is an excellent remedy to conceal the taste
of salts and mercury, iodides, bromides, ammonium chloride, and sodium
salicylate. Quinine sulfate may be well administered in Cacao Syrup,

9. The following substances are almost universally incompatible:

Strong Mineral Acids Potassium Todide
Strong Alkalies Arsenic
Bichloride of Mercury Tannic Acid
Silver Nitrate Alkaloids

Lead Acetate Metal Salts

Potassium Permanganate

10. Confer frequently with your pharmacist.

11. The physician is legally responsible for any errors but the pharma-
eist is co-responsible if a prescription is filled for a fatal dose of a
drug.
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CHAPTER 1V
TOXICOLOGY

General

This chapter will be devoted to a brief résumé of general and
industrial toxicology. Certain matters of general application will be
discussed, while details will be considered under the individual
drugs. The importance of industrial tozicology, i.e., the knowledge of
injurious actions of substances in industry, has been greatly enhanced
during recent years.

* Tozicology is the science of poisons. It deals with the origin, symp-
toms, diagnosis, treatment, and detection of poisons.

Definitions: 1t is almost impossible to define the term ¢‘poison,’’
for substances which are dangerous under certain conditions are harm-
less in others. Peterson, Haines and Webster (1923) give us the follow-
ing definition: ‘‘4 poison is a substance, which, when introduced into
the body in relatively small quantity and acting chemically, is capable of
producing death or serious injury to health in the case of an ordinary
individual in average health.’’

All drugs are potentially poisons and the separation of their pharmaco-
logical and toxicological properties is often difficult. The therapeutic
and toxicologic doses of many drugs, for example, digitalis, are very
close; with caffeine the doses are more widely separated; while with
the vitamins the toxic doses may in some instances be several thousand
times the therapeutic doses. -

-~ A legal poison is any substance which causes disease or death, given
with homicidal intent.

-Acute Poisoning.—Acute poisoning is the toxic manifestations
produced by taking a large amount of a poison in a single dose, or
several smaller doses with such frequency as to result in sudden
illness.

+Chronic Poisoning.—Chronic poisoning is the toxic manifestations
following the taking of small doses of a poison over a long period of
time. It results in the gradual but progressive deterioration of body
function, e.g., mercury, lead, etc.

*Cumulative Poisoning.—Cumulative poisoning is the toxic mani-
festations caused by a sudden increase in intensity of the action
following slow additions of the drugs, e.g., digitalis.

ACTION OF POISONS -

Poisons may cause “injury or death by intense local action or by
their action on remote organs after absorption, or by both means.

Local poisons exert their action on the mucous membranes of the
alimentary canal. Certain poisons such as strong acids and alkalies
cause intense tissue damage and usually produce a condition of shock
similar to that produced by extensive burns on the surface of the body.

Many of the metallic poisons produce not only a local irritant ae-
tion but also s toxic action after absorption. On the other hand,
most alkaloidal poisons produce only a remote poisonous action fol-
lowing abeorption, e.g., opium, strychnine, and others, )

82
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THE FATE OF POISONS

After absorption the drug circulates in the blood stream, coming
in contact with every organ and tissue of the body. The toxic action
of a drug is presumed to depend on the establishment of a toxic
concentration in the blood stream or lymph around the various body
organs,

When a drug is given orally, hypodermically, or by any other
route, the concentration attained in the blood depends on its rate
of absorption, After absorption the action of the drug is determined
by its rate of excretion, its fixation, by tissues, and its detoxica-
tion by such processes as oxidation, reduction or synthesis to some
less toxic material. The rate of af)sorptioq, the storage of poisons
in the tissues, their rate and modes of elimination are of great medico-
legal interest.

Nonvolatile poisons are eliminated from the body chiefly by the
kidneys; metals are excreted to a large extent in the colon, and a
few alkaloids, such as morphine and emetine, are also excfeted by
this route. Small amounts of poisons may be eliminated from the
body through the skin, and in the saliva.. A certain quantity of
poison is excreted by the bile into the d&denurg, and re-excretion
may take place into the intestine; for example, morphine is mostly
excreted by the intestine. Arsenic may be found in the stomach of a
dead person if deatli was caused by inhalation of arseniureted hy-
drogen fumes.

- The liver is the chief organ that defends the body against noxious
poisons such as drugs, and against complex substances formed during
digestion and metabolism. If the drug is absorbed by the alimentary
tract, it is conveyed by the portal vein to the liver which absorbs
much of the poison, thus acting as the first Tine of defense. It
detoxifies many substances and fixes other substances which it cannot
detoxify. The liver fixes arsenical compounds as well as many other
compounds and in doing this exposes itself to serious injury. Thus
the liver bears the brunt of the attack when any drug or poison
is introduced into the body, and in so protecting the body may
undergo damage, such as cloudy swelling, fatty degeneration, or even
necrosis. TN
T7It is well to know that the presence of glycogenlin the liver cells
increases its ability to resist poisons. If-is—therefore advisable to
give a substantial amount of glucose within a few hours of the
administration of a toxic drug, such as general anesthetics, arsenic,
or benzol derivatives. In cases in which the liver has undergone
necrosis and life persists for several days after the poison was taken,
the cause of the death will likely be autointoxication from hypo-
hepatic function and perhaps little or none of the poison will be
found in the body.

The following examples are given to illustrate the fate of poisons
in the body.

1. Phenol.—Phenol is & striking example of the several different
ways in which a drug is acted upon in the body. A large part is oxidized
to hydroquinone and pyrocatecggn, both of which are excreted by the
kidneys. A portion of the drug may be combined with eulfuric
acid to form phenyl-sulfuric acid which is harmless. Some of the
girgg may unite with glycuronic acid and be eliminated by the

neys.

2. Carbon Monoxide.—Carbon monoxide is eliminated unchanged
and is not oxidized to carbon dioxide. The time required completely
to eliminate this poison by respiring pure air is not known, but
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varies with different persons, the carbon monoxide hemqglobm ap-
parently not being in all cases under sufficient tension with oxygen
to free readily the carbon monoxide. In fatal cases it persists for a
long time in the blood and muscles. . . .

3. Methyl Alcohol.—The fate of methyl alcohol is quite different
from that of ethyl alcohol, for where ethyl alcohol is rapidly oxidized to
carbon dioxide and water, methyl alcohol is slowly oxidized to formic
acid and is excreted as formates. The excretion of formates lasts for
five or six days after the administration of large doses of methyl a.lcohol.

4. Mercury Bichloride.—Mercury compounds are ubsorbed. in the
body regardless of the source of administration. A qonslderable
amount is absorbed by the white cells and deposited in various organs,
chiefly in the kidneys and liver. After absorption it leaves the blood
rapidly; a part is excreted by the urine and feces. A trace of mercury
is found in the bile, sweat, saliva, and the gastric and intestinal
juices. Excretion occurs largely during the first week following ad-
ministration, but traces are excreted intermittently for several
months longer.

5. Hydrocyanic Acid.—Hydrocyanic acid is excreted, in part, un-
changed, from the lungs, while some of it is converted into sulfocyanides
and excreted in the urine. It has been suggested that it may com-
bine the aldehyde group of the body sugar, or be hydrolyzed by ferments
into ammonium formate.

SYMPTOMS OF POISONING .

A knowledge of the general symptoms of poisoning is invaluable in
making a diagnosis of poisoning. The fate of the patient is often de-
termined by the early recognition of these symptoms,

If symptoms of poisoning appear following a meal, food poisoning
is suspected. Care must be exercised so as not to confuse the onset
of disease with poisoning. Diseases are generally much slower in
their progress, and are usually preceded by circumstances such as
exposure, characteristic symptoms, and indisposition for several days.
A knowledge of the following symptoms may aid the physician in
diagnosing poisoning.

1. Vomiting.—Vomiting, frequently associated with purging and
abdominal pain, is often found in the presence of gastrointestinal
upset or with the onset of acute disease. Vomiting is caused by such
common poisons as arsenic, antimony, digitalis, phosphorus, copper,
iodine, mercury, the sulfonamides, etc. It is frequently associated with
such diseases as gastritis, ulcer, uremia, acute infectious diseases,
and brain tumors, The early stages of pregnancy are often associated
with vomiting.

2. Convulsions.—Convulsions, or violent involuntary contractions
of the voluntary muscles, are commonly associated with such diseases
as epilepsy, uremia, eclampsia, many acute cerebrospinal disturb-
ances, and tetanus. Poisoning by strychnine, nicotine, camphor,
aspidium, picrotoxin, and cyanides cause convulsions.

3. Coma.—Coma may follow poisoning by such drugs as opium and
its derivatives, chloroform, hypnotics, carbon dioxide, atropine,
alcohols, and phenols. It is a common symptom of uremia, eclampsia,
acidosis, diabetes, and of many brain lesions.

4. Respiration.—Dyspnea is a common symptom of respiratory
poisoning. Edema of the glottis, muscle spasm, and the action of
respiratory depressants may produce dyspnea. Slow respiration is
produced by opium and its derivatives and by carbon monoxide,
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while rapid respiration may be caused by such drugs as atropine and
carbon dioxide. Slow respiration is caused by such conditions as
uremia, hemorrhage, and compyession of the brain, while rapid respira-
tion is commonly associated with acute respiratory diseases, hysteria,
and lesions of the medulla oblongata.

5. Delirilum.—Delirium may be associated with poisoning by drugs
of the atropine group, cocaine, cannabis, and alcohol. This condition
is commonly found in epilepsy, insanity, delirium tremens, nephritis,
and with certain organic brain diseases.

6. Dilatation of Pupil—Many drugs, such as the drugs of the
atropine group, cocaine, and nicotine, produce mydriasis. Certain
nervous diseases causing optic atrophy and irritation of the sympathetic
system usually cause dilatation of the pupil.

7. Contraction of Pupil.—Pin-point pupils are characteristic of
poisoning by members of the opium group; by drugs that stimulate
the parasympathetic nerves, such as pilocarpine, physostigmine; by
chloral, phenol, ete. Contraction of the pupil is characteristic of
tabes dorsalis,

8. Paralysis.—Paralysis may follow poisoning by cyanides, carbon
monoxide, and carbon dioxide. Botulism is characterized by paralysis.
Common diseases accompanied by various degrees of paralysis-are
apoplexy, meningitis, tabes, and poliomyelitis. Thrombosis of the
cercbral vessels may result in paralysis.

9. Cyanosis.—('yanosis is often an indication of nitrobenzene,
aniline, or acetanilid poisoning. Opium derivatives and the sulfonamide
drugs often produce this symptom. Many cardiac and respiratory
disenses and brain lesions are accompanied by cyanosis.

10. Salivation.—Salivation is an early symptom of mercury poison-
ing. Pilocarpine and other stimulants of the parasympathetic nervous
system produce salivation.

11. Odor of Breath.—The odor of the breath may be a means of
detecting a toxic condition. A diabetic in coma may elicit an acetone
breath; hydrocyanic poisoning is characterized by an odor of almonds,
while phosphorus produces a garlicky breath. Other substances, such
as alcohol, ammonia, bromine, paraldehyde, iodine, etc., cause char-
acteristic breath odors.

12, External Tissue Destruction.——By the careful examination of
signs of external tissue destruction clues may be found indicative of
the poison ingested. For example, yellow stains about the lips may
indicate nitric acid poisoning, signs of escharing about the lips and
mouth may be caused by sulfuric acid, while greenish-blue discolora-
tion of the tongue and mucous membranes of the mouth could result
from ingestion of Paris green or other copper salts.

CONDITIONS THAT MODIFY THE EFFECTS OF POISONS

The poisonous effects of drugs are modified by certain conditions
which in general modify all drug action. The conditions which
particularly modify the poisonous effects of drugs include the fol-
lowing:

1. Dose.—Generally, the larger the dose the more rapid is the
action; furthermore, a large dose may produce shock symptoms before
the appearance of the typical symptoms.

The fatal dose of a drug for man, obviously, is difficult to deter-
mine. Experimental data on animals, and recorded cases of death
from known amounts of poison give very inaccurate information and
should be considered merely an approximation.
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2. Rate of Absorption.—The rate of absorption of a drug is an
important factor in determining its poisonous action. The rate ot
absorption depends on its form, whether soluble, insoluble, gaseous,
or liquid. A poison must be in soluble form to exert true poisonous
effects. A poison in a gaseous state is more readily absorbed by the
lungs than is a poison in a solid or liquid state.

The genitourinary tract has been a frequent place of absorption
of poisons. A number of cases of mercurial poisoning have been due
to the use of bichloride of mercury solutions in vaginal douches.

3. Route of Administration.—Symptoms of poisoning usually appear
most rapidly when the poisons are administered by channels that
carry the material most rapidly to the blood stream. The routes
of administration usually facilitating the quickest drug action are
listed in order of speed of action as follows: intravenous, inhala-
tion, intraperitoneal, intramuscular, subcutaneous, and oral. Food
in the stomach may delay poisonous action; gastric enzymes may
destroy certain poisons. Certain toxic materials, such as snake
‘venom, some bacterial toxins, etc., are harmless when taken orally
but are dangerous poisons when administered hypodermically. Con-
versely, the glucoside, amygdalin, if administered by vein is harmless,
but when given orally is a dangerous poison. Magnesium sulfate
when given by vein is a dangerous depressant, but is harmless when
taken orally.

4. Habit and Tolerance.—The hody has the ability to become ac-
customed to the use of drugs and acquires the property of withstand-
ing large doses of some drugs without showing toxic symptoms which
would be present if the body had had no previous contact with the
drug. This is well illustrated in morphine or cocaine addicts. After
repeated administration the body acquires a tolerance to these drugs,
so that much larger doses are necessary to produce the same effects
as were produced initially.

5. Disease.—Disease is an important factor in determining the
action of drugs or poisons. Some diseases seem to bring about u
tolerance for certain poisons while other diseases cause a hyper-
sensitivity to their action. A morphine tolerance seems to bhe
present in cases of intense pain. Any disease affecting the organs
or routes of elimination accentuates the poisonous action of drugs.
For example, if a drug is eliminated in the urine, disease of the
kidney retarding urine elimination may increase the toxic manifesta-
tions. Any impairment of the general health of the body tends to
decrease the ability of the body to offset the effect of poisons.

6. Idiosyncrasy.—Idiosyncrasy may be defined as an individual
hypersensitivity to the action of a drug. Some persons may react
normally to a drug with excellent therapeutic manifestations, while
others will react to the drug as though it were a violent poison,
e.g., quinine.

7. 8peed of Administration.—The rapidity with which a drug is
administered may determine whether its action will be beneficial or
toxic. The ill effects of salvarsan may be due to too rapid injection.
Quinine if administered too rapidly by vein may cause heart failure.
It is advisable to administer intravenous drugs very slowly and in
gme concentration so as not to upset the colloidal equilibrium of the

8. Age.—Busceptibility to drugs generally increases in old age.
Children, as a rule, are more susceptible to narcotics than adults.
On the other hand, atropine and calomel are better tolerated by
children than by adults.
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‘n is well to remember that any conditions which modify the effects
of drugs modify the effects of poisons.

DUTIES OF PHYSIéIAN IN POISONING CASES

Obviously, the first duty of the physician is to restore the pa-
tient to health. This usually requires removal of the poison, the ad-
ministration of a suitable antidote, and the treatment of the symp-
toms. The physician has another duty to the State, namely, he should
preserve any evidence which may prove of special value in establish-
ing cause of the poisoning and any circumstances associated with
the poisoning.

The symptoms must be carefully observed and recorded. The exact
time the physician was called, the order and time of appearance of
symptoms, odor of the breath, the condition of the pupils, the char-
acter of the pulse and respiration. The occurrence of convulsions,
paralysis, delirium, ete., all should be carefully recorded. He should
record all treatment given.

The physician must personally see that the stomach contents,
washes, vomitus, feces, or other fluids are placed in clean glass jars,
wrapped, and properly sealed. In case of autopsy, the stcmach and
its contents, the intestines, and portions of various vital organs
should also be placed in clean jars and sealed. No antiseptics should
be added. All samples should be placed in the refrigerator and
locked so no possibility of tampering can occur.

DIAGNOSIS OF POISONING

The diagnosis of poisoning before death is often easy, sometimes
difficult, and occasionally impossible. When one considers the large
number of poisons available, their variability in action depend-
ing on size of dose and conditions under which they may be taken,
and that there are many diseases that simulate poisoning, then one
realizes the complexity of the problem. A higher percentage of
correct diagnoses could be made, however, if a few general principles
were followed. The following means are employed to diagnose a case
of poisoning.

The first important step in the investigation of a suspected fatal
poisoning is a thorough examination of the location where the body was
found. An intensive search should be made for containers from which
the deceased may have taken the poison, such as cups, bottles, jars, etc.
All food found on the premises should be confiscated for chemical
analysis,

1. History.—An accurate history is indispensable in making a diag-
nosis of poisoning. A written record of all observations should be
made, and an accurate history of the case should be obtained from
the patient, relatives or friends. No detail should be considered too
trivial to record for later reference.

Don’t mistake poisoning for a disease. If the patient has been in
good health and suddenly becomes ill, think of poisoning. Sudden illness
following & meal favors a diagnosis of poisoning. A differential diag-
nosis between poisoning and an acute disease may be difficult to make.
Certain diseases that may simulate acute poisoning are: acute
gastrointestinal disorders, appendicitis, intestinal strangulation, rup-

d

tured tubal pregmancy, corma associated with infectious diseases an
many more.
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2. Symptoms.—A knowledge of the general symptoms following
poisoning are indispensable to a physician in arriving at a correct
diagnosis for a case of poisoning. A record of the symptoms and
signs associated with any particular poison case is a great aid to the
toxicologist in making the examination for the offending drug. If a
record of convulsions is sent in, with the sample to be analyzed, the
toxicologist will think of strychnine and will immediately make a
qualitative test for the presence of strychnine. If one poison is found a
second poison i3 rarely present and no search is usually made by the
toxicologist for the presence of another.

It is well to remember that only a few clinical symptoms are suffi-
ciently pathognomonic to be employed as diagnostic criteria. How-
ever, a cherry red coloration of the blood indicates carbon monoxide
poisoning; a brownish discoloration of the blood produced hy the
formation of methemoglobin points to poisoning by some such drug
as nitrobenzene, acetanilid, or potassium chlorate. Poisonous symp-
toms are valuable chiefly as confirmatory evidence to be considered
as part of the mass of evidence available from which a final diagnosis
must be made.

3. Physical Examination.—A thorough physical examination should
be made at once in a case of poisoning. The condition of the vital
organs is of primary importance and, if necessary, the proper respira-
wory or circulatory stimulants should be administered. A neurological
examination, with special emphasis placed on the reflexes, pupillary
reactions, muscle tremors and psychic reactions, is of primary im-
portance. Such an examination should be performed at frequent” in-
tervals to follow the course of the treatment instituted.

4. Clinical Laboratory Examination.—A chemical analysis of the
urine, gastric contents, blood, and feces should be made as soon as
possible after the patient has passed the emergency stage. Such
analyses will do much to confirm the clinical diagnosis.

5. The Post-mortem Examination (Necropsy).—An examination of
the dead body should be made tv establish the previous diagnosis
made on the case. Such an examination would climinate the chance
of mistaking natural diseased processes for poisoning. Following the
autopsy the parenchymatous organs and contents of the hollow viscera
should be taken for toxicological examination. No preservative should
be added ; refrigeration should be used.

6. Toxicological or Chemical Analysis.—A careful chemical analysis
should be made of the orgams and excretions of the body in order to
determine the presence or absence of any poisonous agent. This is a
specialty that is out of the field of the general practitioner or the com-
mercial chemist. The physician, however, should have a knowledge of
the principles involved in tozicological analyses. He should have a prac-
tical knowledge of a few general tests.

SOURCES OF ACUTE POISONING

A knowledge of the common sources of acute poisoning plus a knowl-
m of the usual contents of the more common of these is helpful in
I te:ing a diagnosis. The ingredients of commonly used preparations are
18 .

A. Patent Medicines

1. Lax:lxtives—-calomel, phenolphthalein, strychnine, belladonna,
aloes,
2. Cold Cures—quinine, phenacetin, acetanilid, antipyrine, sal-
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3. Ointments—camphor, phenol, quinine, turpentine, salicylic

acid.
4. Liniments—alcohol, capsicum, chloroform, menthol.
5. Boothing Syrups—opium and its derivatives, calomel.

B. Insecticides, Rat Poisons

1. Fly Poison—arsenic.

2. Insect Powder—pyrethrum, sodium fluoride, lead, sulfur, lime,
phosphorus, Paris green (acetoarsenite of copper).

3. Moth Poisons—camphor, naphthalene, cedar gum.

4. Ant Paste—arsenic trioxide, calcium arsenate.

Ant Powder—sodium fluoride.

5. Roach Poison—sodium fluoride.

6. Termite Poison—para- or orthodichlorobenzene.

7. Rat Poisons—arsenic, lead, copper, sulfur, nicotine, strych-
nine, phosphorus, barium sulfate, red squill.

C. Miscellaneous Household Poisons

. Bitter Almond—yields hydrocyanic acid.

. Bordeaux Mixture—copper hydroxide,

. Castor Beans—ricin.

. Cream of Tartar—potassium acid tartrate.

Hair Dyes—paraphenylenediamine, pyrogallol, silver am-
monium nitrate.

Lye—sodium hydroxide.

. Mushrooms—muscarine and other toxins.

. Obesity Cures—thyroid, dinitrophenol, dinitrocresol.

. Red Precipitate—red oxide of mercury.

. Saltpeter—potassium nitrate.

. White Precipitate—ammoniated mercury.

Tl L10

ODXNS

bk

‘ TREATMENT OF POISONING

General Measures

If called to a case of poisoning, the physician should go immedi-
ately, taking his emergency bag with him. Time is important and
a simple stomach wazh may be better than the most elaborate hospital
treatment at a later date.

On arrival, the room should be cleared and a rapid preliminary
examination arrived at from the symptoms and appearance of the
vietim or presence of poison in a cup or bottle near him.

The principles of treatment are: removal of poison as thoroughly
as possible, neutralization of poison to prevent further absorption, and
treatment of symptoms by supportive measures.

Tt is well to remember, when confronted with a case of poisoning of
unknown origin, that there are gencral methods of treatment to be used
which are usually more important than are specific antidotes. The
physician should be thoroughly familiar with the general rules applicable
to the treatment of poisons.

., Removal of Poison

In cases of poisoning, whether diagnosed or not, the stomach should
be emptied by a stomach tube except in poisoning by strong cor-
rosives.

It is well to get rid of solid matter by emesis before passing the
tube, otherwise it is liable to become blocked. The following emetics
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are used: powdered mustard—a dessertspoonful in a glass of warn}
water; sodium chloride 15 Gm. (4 drams) %n a glass of warm wa_terz
copper sulfate—25 to 50 c.c. (3 to 13 fluidounces) of 1% solution;
zinc sulfate—2 Gm. in warm water; apomorphine hydrochlonfie-_-s
mg. (% grain) subcutaneously is very valuable, but often fails in
narcotic poisoning.

If vomiting has already occurred, it is obviously unnecessary to
give an emetic, and if the patient is unconscious, an emetic, of course,
cannot be given. .

Lavage.—Gastric lavage should be undertaken even \ylxen emesis
appears to have emptied the stomach. If a stomach tube is not avail-
able, a piece of rubber tubing 3 to 4 feet long, filled with a funnel
at one end, may be used. Lubricate tube with glycerin or petrolatum,
and pass one end well back in pharynx and into the esophagus. Ask
the patient to swallow; however, if he is unconscious, the tube should
be guided into the esophagus by putting the finger well back over
the base of the tongue. Pass at least 20 inches of the tube in this
manner. Next, raise the funnel well over level of the stomach and
run in 8 pint of warm water. When funnel is nearly empty, pinch
tube below junction of funnel and tube, and lower below level of
stomach and siphon into a container. Save first washings of stomach
for analysis. Repeat process several times, using at least two quarts
of water. Appropriate antidotes may be introduced by the tube,
but it is well to use warm water first and keep the fluid for analysis,
before using any antidote.

Purgation.—Rapid purgation, using 50 Gm. (13§ ounces) of mag-
nesium sulfate in a glass of warm water, may be indicated. Removal
of poison from the intestine is facilitated by washing out the lower
bowel.

Elimination of absorbed poison is aided by stimulating the kidneys
with diuretics, by application of hot packs to the skin, and by trans-
fusion with saline.

Neutralization of Poisons

No substance, as far as we know, can render a poison inert after ab-
sorption, but antidotal measures may be used to inactivate the poison.
The method and antidote used depends on the type of poison.

Certain substances are physiologically antagonistic to one another,
e.g., atropine and pilocarpine. In other instances, one drug controls
or diminishes the effect of another, e.g., spasms of strychnine can be
diminished by chloroform or barbital. The poison may be diluted by
administering a quart of warm water. A quantity of animal charcoal
suspended in water may be administered as a routine measure. It
adsorbs a number of potent poisons.

A solution of potassium permanganate should be used for all ox-
idizable poisons, e.g., alkaloids, antipyrine, phosphorus, cyanides, and
others. There is some difference of opinion as to the amount of potas-
sium permanganate to use—500 cc. (1 pint) of a 1:1,000 solution is
recommended. A weak solution of iodine, 15 drops of the tincture to
a glass of water, may be used as an alternative to the permanganate.

Egg albumin may be used to protect the walls of the stomach and
to precipitate the poison. Tannic acid (250 ce., or % pint, of 1 per
cent), or strong tea (500 cc. or 1 pint), is useful as it causes protein
precipitation and also the precipitation of some poisons,
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‘“Undversal’’ Antidote.—There is no universal antidote but the fol-
lowing is an excellent general antidote for emergencies:

B

Baturated solution of iron sulfate ________ 100 parts
Magnesium oxide o ______. 90 parts
Charcoal _____ o ____ 50 parts
Water oo 900 parts

Mix all ingredients when ready to administer. This antidote is effec-
tive against arsenic, zine, mercury, morphine, and strychnine.

¢¢Special’’ Antidotes.—

For Arsenic.o..._.___ BAL

For Morphine...._____ Potassium permanganate.

For lodine...-__..___ Starch solution, orally.

For Phosphorus______. Copper sulfate, liquid petrolatum.

For Nicotine.. ... Potassium permanganate (1:1,000) by gas-

tric lavage. Caffeine and sodium ben-
zoate (0.5 Gm.) intramuscularly.
For Wood Aleohol_____ Iodides, apomorphine.
For Strychnine.._._._. Potassium permanganate by stomach lavage.
Soluble barbital by vein.

Supportive Measures

After the stomach has been washed out and the appropriate anti-
dotes administered, attention must be given to symptomatic treat-
ment. In some instances, supportive measures should be given the
minute the doctor sees the patient.

Depression or Collapse.—Stimulants such as aromatic ammonia
spirit 2 ce. (30 minims), in a half glass of water, or a hypodermic
injection of caffeine and sodium benzoate 5 Gm. (7% grains) are in-
dicated in cases of depression or collapse.

In some cases, accompanied by vomiting and diarrhea, saline fluids
are indicated. Administer 500 to 1,000 ec. (1-2 pints) of physiological
saline, or 5 per cent dextrose solution, by vein.

Tu narcotic poisoning, especially by barbiturates, picrotoxin is of
great value.

Heart and Respiration.—If breathing stops, artificial respiration
should be given. In some cases of asphyxia, oxygen or oxygen with
7 per cent carbon dioxide may be necessary. If the heart stops, 1 ce.
(15 minims) of 1:1,000 epinephrine solution may be injected directly
into the heart.

Bxcitement and Convulsions.—If the patient is stimulated or ex-
cited, or in convulsions, he may be quieted by the use of chloroform or
by a barbiturate. Chloral hydrate, 0.5 Gm. (734 grains), spdium amytal,
0.2 Gm. (3 grains), or paraldehyde, 5-20 cc. (134 to 5 fluidrams)
may be administered orally. Sodium amytal, 0.3 Gm. (5 grains), or
sodium barbital, 0.3 Gm. (5 grains) may be given intravenously.

THE ANTIDOTE BAG

Every physician should keep the following antidotes together in
an easily accessible place and in a special ‘‘Antidote Bag.’’ The
dose and route of administration should be printed on each container.
In addition to these antidotes other materials of special importance
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which should be kept in this bag are: hypodermic syringes, stomach

tube and funnels, catheter, fountain syringe, and tongue forceps.

DRUG DOSE ROUTE
Amyl Nitrite Pearls..—_____.___ 1 ampule [nhalation
Apomorphine Tablets .. ______ 2-8 mg. Intramuscularly
Aromatic Ammonia Spirits._____. 2 ce. Orally
Atropme Tablets. . _____ 1-5 mg. Intramuscularly
BAL (dimercaptopropanol)_._.__ 3 mg./Kg. Intramuscularly
Butesin Picrate - ___ q.s. Externally
Caffeine and Sodium Benzoate___. ampules (0.5 Intramuscularly
Gm.)
Calcium Gluconate oo ___ 1 Gm. Intravenously
Charcoal (animal, powdered)---- 1-2 Table- Orally
spoonfuls
Chloroform oo .8. Inhalation
Cocaine Hydrochloride Tablets-__ 0.03 Gm. Hypodermically
Cupric Sulfate (powdered)--—--- 0.30 Gm. Orally
Epinephrine Tablets ... ________ 1 mg. Hypodermically
Iron Sulfate (sat. sol.)--———____ q.8. Orally
Limewater e 15 ce. Orally
Magnesium Oxide- - ___ 3 Gm. Orally
Magnesium Sulfate. ... ____ 50 Gm. (500 Orally
ce.—10%) _
Morphine Sulfate Tablets_.______ 10 mg. Hypodermically
Olive Oilaeoeo e ______30 cc. Orally
Potassium Permanganate (1% q.s. (dil. to Orally
80l) oo . 0.1%)
Sodium Sulfate . ________ 10 Gm. Orally
Sodium Thiosulfate . __._..__ 1-10 Gm, Orally
20 cc. of fresh Intravenously
505 filtered
solution
Soluble Barbital .. _______ 1 Gm. (20 cc. Hypodermieally
of 5%)
Solution of Hydrogen Peroxide__. 3 ce. (dil.) Orally
Strophanthin __________________ 5 mg. Hypodermically
Strychnine Sulfate Tablets._____ 2 mg. Hypodermically
Syrup of Ipecac 7 ce. Orally
Tannic Aeido o _________ 1-5 Gm Orally
Tincture of Todine__.___._______ q.s. Orally; externally

Physiological antidotes should be given hypodermically or in-
travenously in order to secure prompt and certain action, and to
prevent loss of the antidote by vomiting. If the patient is seriously
ill, treat him symptomatically (artificial respiration, heat) and then
administer chemical antidote, followed by Iluvage of the stomach. Re-
member that the patient must be kept warm by blankets and by the
application of dry heat.

INDUSTRIAL TOXICOLOGY

Industrial toxicology, or a knowledge of the injurious actions of
substances used in industry, has always been important. Recently,
however, with the many advances and changes in industry, this
branch of medicine has taken on increased importance.

Medical supervision, especially in the larger plants, has almost
eradicated occupational diseases. The introduction of new processes
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and substances in industry, foreign to the medical profession, is a
constant threat to the health of workers if constant medical super-
vision is not maintained at all times.

Industrial toxicology differs from general toxicology or ordinary
poisoning in the following ways:

1. Path of entry of poisons is different.

2, Ordinary poisoning is usually acute while industrial
poisoning is usually chronic.

3. Ordinary poisoning usually deals with a single poison
while industrial poisoning is usually associated with more
than one poison.

4. Environmental factors in industry may favor poisoning.

The path of entry in ordinary poisoning is usually through the
mouth. In industrial toxicology, poisoning through the mouth rarely
occurs. It is possible that men working with white lead, white
arsenic, or Paris green may become poisoned if they allow their
hands to econtaminate their food, but such cases are rare.

Skin absorption of coal tar derivatives, aniline, the phenols, toluene
compounds, and nitrobenzene compounds are of great importance.
Skin absorption may also take place with membhers of the petroleum
series, methyl alcohol, carbon tetrachloride, and others.

The respiratory tract is a source of entry of many industrial
poisons. The upper respiratory passages, and even the entire lung tis-
sue, may be irritated and also damaged by fumes from the heavy
acids, by nitrogen oxides and by sulfur dioxide. C‘arhon monoxide,
carbon dioxide, hydrogen sulfide, hydrogen cyanide, and certain
petroleum distillates and derivatives may enter through the lungs
without causing local irritation, then pass to the blood, causing great
damage.

Mercurial poisoning may he caused by inhalation of mercury which
volatilizes at room temperature. Hydrogen arsenate, a most danger-
ous form of arsenic, is given off when heavy acids come in contact
with arsenic-bearing zince or iron.

Inspired air may contain metal fumes or finely divided particles
of sublimed oxides formed by heated metals.

Chronic poisoning in industry is far more common than acute.
Chronic benzene poisoning occurs with much greater frequency than
the acute form. Chronic mercury poisoning, chroniec carbon disulfide
poisoning, and many more, are also more common than the acute.

In ordinary toxicology a single poison is generally the offender.
In a case of nonindustrial poisoning, if a single poison is detected
the toxicologist looks no further for poisonous substances. On the
other hand, in industrial toxicology, many toxic substances may be
present and they may cause a complex and confusing picture. For
example, printers use type containing lead and antimony and poison-
ing from these substances could hardly be diagnosed as a pure lead
or as pure antimony poisoning. Many industries use a variety of
volatile substances at once, which present a puzzling picture when
toxic symptoms arise among the workmen.

The environment of the worker may be a factor contributing to
industrial poisoning. This plays little part in nonindustrial toxicol-
ogy. For example, factors that lower bodily resistance, heat, hu-
midity, and fatigue may favor the nction of poisonous substances.
The proximity to various toxic substances of some workmen are ob-
viously more common in indsutry. The varying susceptibility of
workers to industrial poisoning has been a troublesome factor in solv-
ing many problems in industrial toxicology.
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Treatment of Industrial Poisoning

Practically all poisoning occurring in industry can be cgntrollpd
and their occurrence prevented. When a physician is called, in an in-
stance of industrial poisoning, he should determine quickly the
cause. In making the diagnosis he should contact the plant man-
ager, or general superintendent, in order to locate the exact nature of
the exposure. .

The treatment of conditions resulting from noxious substances in
industry is rarely specific, as several systems of the body are usually
affected by the chronic exposure. Industrial substances, especially
the solvents, usually affect the hemapoietic systom, the nervous
system, the kidneys, and often the liver.

Many gases and solutions have a strong affinity for hemoglobin and
are also often destructive to the blood cells. For examp!e, benzol
may cause anemia. Arsine, and carbon monoxide are rapidly fatal
due to their affinity for hemoglobin.

Solvents, so common in industry, usually cause disturbances of
the nervous system. Their toxic action is, as a rule, due to their fat
solvent action. They probably act on the fatty substances in the
nerve fibers or myelin sheaths. Exposure to these solvents may
produce narecotic effects and even death.

The kidneys may be damaged by excreting certain toxic substances
e.g., carbon tetrachloride. The liver may be damaged by constant
contact with such substances as carbon tetrachloride, the chlorinated
naphthalenes, and others.

COMMON INDUSTRIAL POISONS
Inorganic Acids »

SurrFurRIic AcID is very important commercially and rarely causes
injury to workmen. Accidents may, however, occur among those who
use it in their work. Sulfur diozide is formed in many industrial proc-
esses, e.g., smelting of sulfide ores, production of sulfuric acid and
phenol, bleaching paper, refrigeration, and others. It seems that work-
ers become accustomed to sulfur dioxide, whereas persons unaccustomed
to it react with choking in an atmosphere containing it. An atmosphere
containing dangerous amounts of this gas produces bronchitis, broncho-
pneumonia, and edema.

Chronic poisoning from sulfur dioxide rarely occurs. Chronic ex-
posure to this gas produces a mild nasopharyngitis, increased fatigue,
abnormal reflexes, and dyspnea on exertion.

Treatment of Respiratory Disturbances.—Gas inhalations of oxy-
gen plus 5 to 7 per cent carbon dioxide are indicated in persons over-
come by sulfur dioxide. Use oxygen alone if pulmonary edema in
present. Artificial respiration may also be indicated. Respiratory
and circulatory stimulants such as metrazol and caffeine and sodium
benzoate may be used. Bed rest may be necessary. Treat symp-
tomatically.

Acute Poisoning may be caused accidentally or the acid may be
taken for suicidal purposes.

Symptoms.—Onset is immediate, with severe burning pain in throat
and stomach; coffee-grounds vomitus, purging, and profure perspira-
tion are common. Respiration becomes difficult. Acute edema of
the larynx may cause death from asphyxia. Gradual weakness en-
sues, followed finally by shock and collapse. Death may oceur in
twelve to twenty-four honrs,
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External Treatment.—Flood with water, then cover with a paste
of sodium bicarbonate. Wash eyes with 1 per cent sodium bicar-
bonate solution. Internal: Neutralize acid with aluminum hydrox-
ide gel, 60 cc. (2 fluidounces); ‘milk of magnesia (magnesia magma)
60 cc. (2 fluidounces) ; or 200 cc. (6% fluidounces of calcium hydroxide
[lime-water]). Do not use stomach tube or emetics owing to danger of
perforation. Avoid sodium bicarbonate because of gastric distention
from gas formed. Give white of egg, 60 ce. (2 fluidounces), or olive
oil, 200 cc. (6% fluidounces), for their demulcent and emollient action.
Apply external heat. The pain should be controlled by injections of
morphine. Intravenous saline may be of value.

HYDROCHLORIC AcID AND CHLORINE. Hydrochloric acid produces little
industrial trouble, but chlorine is especially troublesome. Usually
chlorine produces inflammation and a burning feeling in the throat. In
severe cases lung edema may result. Few severe cases of poisoning,
however, occur in industry.

Treatment.—Remove patient to fresh air, loosen clothing about the
neck, and keep him warm. Administer oxygen in all cases. In severe
cases venesection of from 400 to 600 cc. is indicated and should be per-
formed early. This procedure often prevents development of edema
of the lungs. The administration by vein of 10 per cent dextrose in
physiological saline following venesection may be indicated to combat
shock. Morphine sulfate, for relief of pain and excitement, may be ad-
ministered early but with due precaution. It is contraindicated in
the presence of pulmonary edema and respiratory difficulty.

Oxygen therapy is indicated if pneumonia occurs. Sulfa drugs are
indicated if a specific infection occurs in the injured lung. KExecess
coughing may be controlled with codeine phosphate.

Acute poisoning produces symptoms similar to those of sulfuric acid,
but differs in being less destructive. Illydrochloric acid is also volatile
and more liable to attack the respiratory passages.

NiTRIC Aclp AND OXIDES OF NITROGEN. The manufacture of nitric
acid and its use in industry is of toxicological significance. Nitric acid
escaping in the air results in the formation of toxic nitrous and nitric
oxide fumes. These fumes are irritating and caustic to the membranes
of the respiratory tract.

Nitric acid is difficult to retain because of its extreme caustic action
on substances. The acid is used in many industries, including manu-
facture of high explosives, nitrocellulose for celluloid, photographic
filns, lacquers, etc. Nitrous fumes are produced in welding under
the intense heat of oxyacetylene or electric torch.

The oxides of nitrogen are extremely caustic on the respiratory
tract. They produce a congestion of the throat, often edema of the
glottis, and bronchial congestion. Edema of the lungs may result,
followed by death. Pneumonia may develop. In exposure to large
quantities death may occur rapidly and the only autopsy finding may
be nitric acid in the blood.

Treatment.—Administer oxygen. McNally recommends passing the
oxygen through ammonium carbonate (2 Gm. to 1.5 ounces of water)
then into each nostril by means of an intranasal tube. Administer
intravenously 50 to 100 cc. of 50 per cont dextrose twice daily, for
relief of pulmonary edema. Sedatives may be given if necessary. If
pneumonia occurs, treat with sulfa drugs.

Porsons affected by chronic exposure may be aided by intravenous
salyrgan. Restlessness may be treated by sedatives such as sodium

bromide, phenobarbital, or pentobarbital. Treat any symptoms that may
arise.
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Acute Poisoning.—The symptoms produced are similar to those in
sulfuric acid poisoning. There is no tendency to char the tissues, and
therefore perforation occurs less frequently. Inhalation of fumes
is more prone to cause inflammation and edema of the lungs. Treat

as for sulfuric acid.

Hydrogen Fluoride and the Fluorides

Hydrogen fluoride, a very caustic acid, is used in frosting electric
light bulbs, preparing metal for coating, for cleaning sandstone and
marble, frosting glass, and removing porcelain enamel. Recently it
has been used as a catalyst in the manufacture of high octane
aviation fuel. Fluorides are used in smelting steel and aluminum
and are given off in the production of superphosphate from phosphate
rocks. Poisoning often occurs in the recovery of aluminum from
eryolite, a double fluoride of sodium and aluminum with about 54
per cent fluorine. Acute poisoning may result from the accidental in-
gestion of sodium fluoride, a common constituent of rat and roach
poisons.

Chronic fluorosis is characterized by mottled enamel of the teeth,
osteosclerosis, and osteomalacia. Anorexia, loss of weight, cachexia,
and anemia often are present.

Treatment.—In acute poisoning, lavage with limewater or a weak
solution of calcium chloride. Administer 10 to 20 cc. of 10 per cent
calcium gluconate by vein, one to three times daily. The calcium
tends to counteract the calcium deprivation caused by the fluorine.

If cyanosis is present, administer oxygen intranasally. Respiratory
and circulatory stimulants may be indicated, such as 7 per cent carbon
dioxide in oxygen by inhalation, metrazol (0.1 to 0.3 Gm.) intra-
musecularly.

Codeine phosphate (30 to 60 mg.), repeated every four to six hours
may be indicated in coughing. Ephedrine sulfate (24 mg.) may be
useful if symptoms of bronchial asthma appear. Burned areas may
be treated with a saturated solution of sodium bicarhonate. Suitable
ointments may be indicated.

Alkalies .

The alkalies used in industry are numerous. They include potassium
and sodium hydroxide, sodium carbonate, and others. All of them
produce a more or less caustic action on the skin but present no great
problem in well-organized plants. Ammonia, being a gas, is more of
a problem in industry. Leaks and breaks in refrigeration plants,
storage battery manufacture, and rubber vuleanization may be com-
mon sources of ammonia poisoning.

Acute Poisoning. Symptoms.—The effects of the caustic alkalies
(KOH, NaOH) are similar to corrosive acids. Their action is due to
rapid absorption of water from the tissues, and to combination with
fat and protein. Burning pain from mouth to stomach, difficulty in
swallowing, tissue destruction, vomiting, and purging of blood and
mucous are common symptoms. Cold clammy skin, dyspnea, feeblo
pulse, convulsion, and coma may soon follow. Delayed perforation or
stricture may occur. For acute ammonia poisoning the symptoms are
similar to those deseribed; in addition, a certain amount of the gas
is inhaled, causing inflammation and edema of the respiratory
passages.

Treatment.—Flood water over external burns and then wash with
vinegar. Wash eyes with a saturated boric acid solution. When taken
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internally, neutralize with vinegar, 100 ce. (314 fluidounces) or hydro-
chlorie acid, 100 cc. (314 fluidounces of 0.5 per cent). Olive oil, white
of egg, and demulcent drinks.are indicated. Caution: Do not use
stomach tube or emetics.

Lead

Lead is of interest primarily because of its toxicological properties.
It is looked upon universally as the industrial poison of greatest
significance. The toxic action of lead was recognized by Hippocrates,
who described a severe attack in a man who worked with metals. The
syndrome of lead poisoning was fully described by Discorides in the
first century A.n. The first record of experimental investigations on
lead occurred in a treatise on toxicology by Orfila in 1814.

Lead is a slow-acting, subtle, but powerful poison. The early symp-
toms are often mild and, unless detected and treated, may progress to
a chronic and severe illness.

Absorption.—Lead enters the body either through the lungs, by in-
gestion, or possibly through the broken skin, although this last-
mentioned route is of little significance industrially. Any acute ill-
ness attributed to lead deserves a thorough investigation as some
other substance may also be the cause of the illness.

Except for the exceedingly rare cases, it is the inhalation of lead
fumes or dust which cause lead intoxication.

Storage, Distribution, and Excretion.—Following absorption from
the intestinal tract, the metal passes to the portal circulation.
A portion of this lead never reaches the systemic circulation for
it is excreted into the bile and lost in the feces. Lead enters
the body through the lungs and gains direct access to the sys-
temic circulation. When lead once reaches the circulation, it
is rapidly taken up by the tissues. The highest concentrations are
found in the liver and kidneys. The element soon migrates from
the soft tissue to the bomne, where it is deposited in the trabeculae as
the soluble tertiary phosphate salt. The metal may remain for a long
period of time fixed in bone where it is probably harmless.

Lead is excreted primarily by way of the intestinal tract and
kidneys. During cxposure, much of the lead in the feces represents
that which has never bLeen absorbed. If a person exposed to lead
is removed to lead-free environment, the amount of lead in the feces
rapidly diminishes until it represents that portion of lead which is
being eliminated through the intestine.

During exposure the lead content of the feces is roughly propor-
tional to the intensity of the exposure and serves as an approximate
index of its severity. On the other hand, the amount of lead in the
urine gives some indication of the amount of lead which is free in the
circulation. Urinary excretion, however, lags behind and does not
increase directly with ingestion. The balance which exists between
absorption, storage, and excretion is the main factor which determines
the toxicity of lead.

Causes of Lead Poisoning.—ILead poisoning is nearly always chronic
in form because the absorption of the salts of lead usually proceeds
too slowly to cause acute symptoms.

Chronic industrial poisoning may occur in lead mining, smelting,
and refining. Printers, painters, and pottery glazers are exposed to
lead, and poisoning may occur. The manufacture of lead-containing
products such as lead wire, sheet lead, bullets, storage batteries, etc.,
is a potential source of poisoning. Actually the industries in which
lead is produced are too mumerous to mention, and the majority are
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too well known to make this necessary. It may be well to mention
a point which is not generally known. For instance, the danger of
contamination of air from molten lead starts at a much lower point
than the temperature at which lead vaporizes. This is the greatest
source of toxicity in printers, as fumes may come from remelting
kettles and from monotype and sterotype machines.

Acute Lead Poisoning.—This condition is extremely rare. The onl_y
common soluble salt is the acetate (sugar of lead) and this is toxic
only in large doses.

The usual symptoms include sweetish metallic astringent taste,
a sense of constriction of the throat, vomiting, and constipation. The
feces are usually black, and the urine is suppressed. Headache,
drowsiness, cramps, and occasionally paralysis of the limbs may be
observed. The patients usually recover but may exhibit symptoms of
chronic poisoning.

Treatment consists of washing the stomach with a substance of
magnesium or sodium sulfate, followed by water washing to remove the
lead sulfate formed. Wash out bowel at regular intervals to remove
excreted lead. Administer milk in large quantities, and control colie
by means of atropine or morphine.

Post-mortem appearances are those of acute gastroenteritis.

Chronic Lead Poisoning.—Chronic lead poisoning is extremely im-
portant in connection with industry and factory practice, but has little
criminal significance, the only cases arising in connection with attempted
abortion.

Symptoms: The early signs of lead poisoning include an ashen ap-
pearance of the skin, anemia, and the appearance of a blue line along
the gums. The blue line is on the gums (not on the teeth) only near
dirty or carious teeth. The blood shows stippling of the red cells with
basophil granules, and there may be hematoporphyrin as well as lead
in the urine, and lead in the stools. If lead is not present in the urine,
its excretion may be stimulated, for diagnostic purposes, by the adminis-
tration of potassium iodide or parathormone.

Severe colic may be associated with the above symptoms. The patient
may have a loss of appetite, show a general weakness, have a metallic
taste and foul breath.

More advanced symptoms include pains in the joints; paralysis, espe-
cially of the extremities of the hands, causing wrist drop; severe frontal
headache; and muscle atrophy, especially of the legs. Drowsiness, irrita-
bility, arteriosclerosis, optic neuritis, and chronic nephritis may oceur.

Diagnosis: The diagnosis of lead poisoning, after years of study, is
still a subject of controversy. The physician must prove: first, ex-
posure to lead; second, absorption; third, intoxication or injury. Ab-
sorption of lead is shown by its presence in the blood and in the feces
and by its effect on the blood cells. For the diagnosis of lend poisoning
there must be a picture of clinical intoxication based on subjective and
objective symptoms. These have already been mentioned.

Treatment of Chronic Lead Poisoning: Treatment consists essentially
in preventing further absorption, keeping up the general condition of
the patient, and allowing normal excretion. Excretion takes place by
way of the bowel and kidneys, and is not greatly aided by the use of
drugs, though potassium iodide used with care may be of some value.

Some attempt should be made to get rid of the stored lead by main-
taining a negative calcium balance and altering the curbon dioxide com-
bining power of the blood. A diet poor in calcium is given, and am-
monium chloride is administered in doses of 1 Gm. in water about every
two hours. Parathormone has been suggested since it produces a nega-
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tive calcium balance by withdrawing caleium from the bones. Lead, like
calcium, is deposited in the bone and its deposition and mobilization can
be controlled. The object of treatment is to rid the body of lead at a
moderate rate so that symptoms of toxicity do not appear. If severe
symptoms do arise, the mobilized lead is redeposited by feeding a diet
high in calcium and vitamin D.

The following treatment of lead intoxication has been adopted at
the Golden State Hospital in Los Angeles. It is a simple and work-
able regime:

1. All patients with proved plumbism are withdrawn immediately
from their occupational exposure. Even if the clinical and labora-
tory findings indicate a questionable or borderline case, the worker is
transferred to a type of work involving no exposure to lead.

2. In those cases with mild intestinal colic, ealcium is given by
mouth, good intestinal elimination is encouraged, and the patient is
advised to continue to work.

3. In cases of severe intestinal colic, the patient is hospitalized and
intravenous calcium therapy is instituted. This is continued until
the more violent colic has subsided, at which time ecalcium by mouth
is given. All calcium therapy is stopped upon the cessation of in-
testinal discomfort.

4. To the general hospital diet, 20 minims of viosterol is added.

5. For the anemia, which invariably is present in the severe cases,
ferrous sulfate is prescribed.

Under this regime it was not necessary to use morphine, atropine
sulfate, nitroglycerin, or amyl nitrite, which are commonly used in
other methods of treatment.

BAIL has been reported as prohably useful in the diagnosis and
treatment of lead poisoning (Telfer, J. G.: J. A. M. A. 135: 835,
1947). The urinary lead is distinetly increased by its administration.
The amount of lead eliminated by a single dose (5 mg.) is too small to
have therapeutic significance and repeated injections are liable to
induce toxicity (Ryder et al,, 1947).

Metal Fume Fever

Metal fume fever is found in workmen engaged in smelting brass or
zine or electric are welding. It is not a true metal poisoning but is the
result of damage to the epithelial cells of the respiratory tract. Ab-
sorption of these altered proteins of the cells causes a reaction such as
occurs in typhoid fever. Cases are becoming numerous.

Symptoms appear two to twelve hours after exposure. Chilling of
the body is often the exciting cause, and cases are more numerous in
the winter. The actual chill is preceded by a feeling of dryness in the
throat, with cough; oppression in the chest; occasionally nauses, and
rarely vomiting. The chill is followed by sweating and general weak-
ness, which disappears by morning and the patient returns to work.

The hazard is the zine product mostly, because vanized steel is
95 per cent or more zine and only 1 per cent lead. However, the same
condition may occur in manganese, copper, brass, and bronze welders.
Fortunately iron and aluminum oxides do not cause these reactions.
The new types of alloys being developed contain manganese, selenium,
arsenic and cadmium, and all are toxic. The necessity of welding stain-
less steel and aluminum has caused the inhalation of calcium fluoride
which is extremely caustic to the respiratory tract.

Treatment.—Preventive treatment is important. The toxic fumes
should be controlled at their source. Masks and respirators and,
better still, proper ventilation is of paramount importance.
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nt is indicated. Relief may be afforded by the
lic acid (0.6 Gm.) and codeine phosphate
The forcing of fluids, the use of

No specific treatme .
administration of acetylsalicy
(30 mg.) every four to six hours.
hot drinks, and rest are of value.

Cadmium

has become of increasing importance in industry
and in electroplating. Poisoning from
tly many cases go unrecogm'zed.
1 overheating of cadmium.
ting acid-containing foods
nsils or ‘‘ice-cube’’

Cadmium, of late,
as an ingredient of alloys,
cadmium is a rare finding, but apparen
Poisoning usually occurs from accidenta
Poisoning has been reported also from ea
left standing in cadmium-plated cooking ute
trays. . i

Symptoms.—The action of cadmium fumes and dust is primarily
on the lungs. The symptoms resemble those of nitrous fume poisoning
—weakness, dyspnea, pain in the chest, coughing, and profuse sweat-
ing.
gl'rea.t:mem:: Prophylactic.—Workmen should wear respirators at
all times when near cadmium fumes.

A patient overcome with fumes should be placed immediately within
an oxygen tent. Patients less seriously affected may obtain relief
from the following drugs: acetylsalicylic acid 0.6 Gm. (10 gr.) every
four to six hours; capsules containing acetylsalicylic acid 0.3 Gm. (5
gr.), phenacetin 0.15 Gm. (2% gr.), and citrated caffeine 30 mg. (1%
gr.), at three-hour intervals. A combination of ephedrine sulfate 8
mg. (% gr.), and amytal 24 mg. (3% gr.), at four-hour intervals may
afford some relief.

Irrigation of the throat with a sodium chloride and sodium bicarbonate
solution (one teaspoonful of each in a pint of warm water) may be
undertaken. If irrigations are difficult, use the above solution as a
gargle.

Selenium and Tellurium

Selenium is used chiefly in glass and pottery manufacture, and also
as a catalyst in making photo-electric cells, Tellurium, which is used
to strengthen steel, gained importance during the war.

Symptoms.—Selenium and tellurium both have much the same
physiological action, but differ in that tellurium inhibits sweat,
selenium does not. Both cause a garlic odor to the breath bhefore
symptoms of poisoning occur. Other common symptoms include dry-
ness of the mouth, metallic taste, scaly itchy skin, anorexia, nausea
and vomiting. Drowsiness and apathy are characteristic symptoms.

Treatment.—No specific treatment is available. Remove patient from
exposure. The use of diuretics to secure elimination may be useful, e.g.,
ammonium chloride, 1 Gm. (15 gr.), three times daily. Magnesium
sulfate, 15 to 30 Gm. (% to 1 ounce) is also useful.

Treat upper respiratory symptoms. Intravenous 50 per cent dextrose,
50 to 100 cc., may aid edema of the lungs. Inhalation of oxygen by
intranasal tube, or by use of a tent, may be needed. A diet high in
carbohydrates and rich in vitamin B complex has been suggested.

Cyanides and Hydrocyanic Acid -

Sodium and potassium cyanide are used on a large scale in industry
in electroplating, cleaning and coating silver, hardening steel, tanning,
and in caleium cyanide as a fertilizer. Hydrogen cyanide is used for
the fumigation of ships and homes and for the destruction of plant
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parasites. Acrylonitrile (CH,CHCN COOH), is & new industrial
cyanide used in the production of synthetic rubber. The latter re-
sembles hydrocyanic acid very closely in toxic action. Acute poison-
ing from cyanides is rare and chronic poisoning is even more so.

Suicide and homicide continue to be the chief factors in fatal cyanide
poisoning.  Sodium cyanide, potassium ecyuanide, hydrogen cyanide
(hydrocyanic acid), and calcium cyanamide, are the chief compounds
of interest.

Symptoms.—The cyanide salts produce corrosive action in the upper
respiratory tract and especially in the stomach; after absorption the
cyanide radical inactivates certain oxidative enzymes of the tissues
which prevent tissue utilization of oxygen carried by the blood. In
early cyanide poisoning cyanide reflexly stimulates respiration by
action on the sensory nerve endings in the carotid body.

The symptoms are dizziness, vertigo, palpitation, dyspnea, cyanosis,
and unconsciousness, Circulatory function may be strong or weak;
the pupils are dilated. Vomiting frequently occurs before loss of con-
sciousness. Such vomitus often has the characteristic peach-kernel
odor.

The fatal dose of sodium or potassium cyanide is about 0.25 Gm.
(4 grains). Hydrogen cyanide is about twice as toxic as its salts.
Cyanide salts are rapidly absorbed from the alimentary tract, cyanogen
(C,N,) and hydrocyunic acid from the respiratory tract. Cyanide is
ozidized in the body to cyanate and sulfocyanate and is then ezcreted
in the urine. Death is caused by asphyxiation. The autopsy findin
are those of asphyxia. Diagnosts may be aided by the characteristic
peach-kernel odor of the vomitus. Air hunger out of proportion to
the degree of cyanosis or in the presence of bright venous blood is sug-
gestive.

Treatment.—

1. Amyl nitrite inhalation.

2. Sodium nitrite, intravenously, 0.3 Gm. in 10 ce. of sterile
distilled water.

3. Sodium thiosulfate, intravenously, 12.5 Gm. in 50 cc. of sterile
distilled water.

Rationale of Treatment.—The trcatment depends upon the preven-
tion of muscular rigidity and convulsions by the action of amyl nitrite.
Sodium nitrite converts hemoglobin into methemoglobin which more
readily unites with the hydrogen cyanide, forming cyanmethemoglobin.
The sodium thiosulfate synergizes the action of sodium nitrite.

Chlorinated Hydrocarbons™

These solvents are noninflammable, have excellent solvent action,
and are useful as textile cleansers, solvents for rubber and gums,
degreasers of metal, and as cellulose lacquer thinners. They are used
also in the production of high-grade lubricating oils, manufacture
of vegetable oils, the purification of explosives, and for refrigeration.
Important chlor compounds include the following:

CARBON TETRACHLORIDE (CCl)). This compound is used as a chem-
ical fire extinguisher, for dry cleaning, and medically as an anthelmin-
tie.

Symptoms.—Carbon tetrachloride is a narcotic with an action much
like chloroform though not as strong. The aftereffects scem to be
more serious than those of delayed chloroform poisoning and they oc-
cur more often. The symptoms observed from industrial poisoning
are those of acute narcotic intoxication, followed by signs of liver
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and kidney damage. The history is usually one of nausea, vomiting,
abdominal pains, diarrhea, headache, dizziness, dark-colored urine,
jaundice, and increasing oliguria with urine containing albumin and
casts. Complete anuria may occur.

Chronic poisoning resulting from prolonged exposure to small
amounts of carbon tetrachloride may sometimes be encountered. It
rarely occurs, however, and the symptoms are less characteristic than
the acute type. L

Treatment.—Poisoning may be prevented by proper ventilation.
The possibility of skin contact should be eliminated. The diet of
workers should be high in calcium, and alcoholic beverages should
be avoided.

When poisoning does occur, treatment is directed at repair of
liver and renal damage and restoration of blood chemistry. Patients
are given a high calcium intake to prevent liver and renal damage.
Twelve grains of calcium gluconate may be given orally each day and
intravenous injections of 10 cc. of 10 per cent solution of ecaleium
gluconate three times daily. A diet high in carbohydrates and low
in fat and proteins is indicated. The intravenous administration of
2,000 to 3,000 ce. of 10 per cent dextrose in physiological saline, daily,
is indicated. Other medication may be necessary, including diuretics,
cathartics, and blood transfusions.

TRICHLOROETHYLENE (CHCLCCL). Next in importance and used
often for the same purpose as carbon tetrachloride is trichloroethylene.

Symptoms.—Trichloroethylene is less toxic than carbon tetrachlo-
ride but possesses an acute narcotic action like chloroform. Acute nar-
cosis is a characteristic symptom. Psychic disturbances are well
known; hysteria is common; trichloroethylene addiction is well estab-
lished; personality changes take place. Minor effects include head-
ache, dizziness, anorexia, nausea and vomiting.

Treatment.—Proper ventilation is an important prophylactic mreas-
ure. Exposed areas on workers may be protected by a suitable oint-
ment containing equal parts of petrolatum and rose water ointment.

When acute poisoning occurs, artificial respiration may be indicated.
Inhalations of oxygen and 5 to 7 per cent carbon dioxide are most
valuable. In shock, transfusions of citrated blood and the intra-
venous infusion of 1,000 cc. of 10 per cent dextrose in normal saline
solution are administered.

If the patient has been exposed to phosgene resulting from decom-
position of trichloroethylene by gas flames, the picture may be one
of pulmonary edema, dyspnea, and cyanosis. Respiratory and circu-
latory stimulants are indicated and probably venesection of 500 ce.
in pulmonary edema.

ETHYLENE DICHLORIDE (CICH,.CH,Cl).—This compound is an excellent
solvent but a dangerous poison. It is used in the separation of wax
from petroleum, in dry cleaning, in oil purefaction, in the production of
photographic films, and in the paint industry.

Symptoms.—The narcotic action is about equal to that of carbon
tetrachloride but there are less serious aftereffects. Symptoms com-
monly present, after long exposure, include anorexia, nausea, vomn-
iting, epigastric distress, drowsiness, tremors, and nystagmus. Severe
dermatitis of the hands, leukocytosis, and liver disturbances have been

reg::ted.

atment.——Remove patient from fumes and treat with caleium
and & high carbohydrate diet. As in the treatment of the other
solvents, intravenous infusions of 5 to 10 per cent dextrose in physi-
ological solution of saline are indicated.
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CHLORINATED NAPHTHALENES.—These are excellent insulating waxes
for electrical insulation. In this country, Halowax has been the
source of a skin lesion called ‘‘¢able rash.’’

When higher members of this group, penta- and hexa, came into
use, cases of fatal jaundice, and acute yellow atrophy of the liver
were reported.

Treatment.—Proper ventilation is indicated to prevent toxic man-
ifestations. No specific treatment is available. The skin lesions may
be treated by quartz light and x-ray therapy. The pustules may be
opened and treated locally with sulfathiazole ointment. The liver
damage may respond to a high carbohydrate diet, with adequate fluid
intake and intravenous infusions of 5 to 10 per cent glucose in saline.

Coal Tar Benzene or Benzol

Benzene (C,H,) is one of the most dangerous of industrial solvents.
The basic pathology underlying benzene poisoning is that it acts
chiefly on blood-forming tissues, the marrow of the long bones, and
the lymphatic structures, producing anemia and granulocytopenia
with loss of ahility of the blood to clot. Chronic poisoning is of far
more importance in industry than acute.

Symptoms.—The clinical picture of chronic benzol poisoning in-
cludes progressive weakness, dizziness, headache, and vomiting. Next,
purpuric spots appear on the skin. Bleeding from the gums, throat,
and nose is common. An examination of the blood during the bleed-
ing stage shows marked changes, an anemia of the nonregenerative
type, granulocytopenia, and prolonged bleeding and clotting time.
Diagnosis may be easy if benzene exposure has been reported.

The newer knowledge of benzene poisoning may be summarized as
follows:*

1. The diagnosis of benzene poisoning, mild or severe, must be made
on the whole blood picture, and the earliest and most frequent devia-
tion from the normal consists in a fall in the red cell count and an
increase in the mean corpuscular volume of the red cells. A fall in
platelet count and a reduction of hemoglobin follow in frequency, but
a fall in the white cell count is less characteristic of early poisoning
than any of the above. Anemia and macrocytosis are the changes
to be looked for.

2. Increase of urobilinogen and deviation from the normal urine
sulfate partitions were not found to be of value in diagnosis.

3. Bleeding time and coagulation time were of no aid, being pro-
longed only in severe cases.

4. Clinical symptoms, weakness, fatigue, epistaxis, dryness of the
throat, anorexia, nausea, dizziness, insomnia, were of dubious value,
because, although they were present in workers exposed to benzene
more than in controls, they were absent in some cases of serious
poisoning.

5. Purpura, particularly bleeding from the mucous membranes, was
relatively rare, being ahsent in some severe cases.

6. In severe poisoning the blood may show changes like those in
pernicious anemia.

7. An aplastic marrow is not typical of Lenzene poisoning; hyper-
plasia may be found even more often.

*Benzenc (Benxol) Poisoning Symposium, J. Indust. Hyg. & Toxicol.
21; 321, 1939, ) d ' Y
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8. A study of the hyperplastic cases reveals what may be called
8 neoplastic tendency, rapid growth as shown by mitotic figures, the
development of cells having no counterpart in normal tissues but being
common to a variety of malignant tumors.

Carbon Disulfide

Carbon disulfide (CS8,) is a heavy volatile liquid of characteristic
odor and insoluble in water. It is highly inflammable.

Sources of Poisoning.—Carbon disulfide is an industrial poison. It
is widely used because of its properties as an industrial solvent for
sulfur, rubber, viscose, and other industrial chemicals. The chief danger
to the worker is from inhalation of the vapor. .

S8ymptoms.—The symptoms of carbon disulfide poisoning are due pri-
marily to its toxic action on the blood, converting hemoglobin to
methemoglobin; secondarily, because of its lipoid solubility it quickly
attacks the nervous system.

Liquid carbon disulfide is highly irritating to the skin and mucous
membranes. It produces a burning sensation; blistering is common and
injury to nerve fibers may result from exposure. Acute poisoning is
commonly associated with headache, nausea and vomiting, hyferemia of
the skin, Pain in the limbs, excitement or depression, and finally respira-
tory paralysis. Chronic poisoning is characterized by headache, fatigue,
anorexia, gastrointestinal symptoms, anemia, insomnia, visual dis-
turbances, and paresthesias. Psychic changes are frequent. Neuritis,
partial blindness and symptoms associated with degenerative changes in
all parts of the central nervous system may occur.

A teaspoonful of carbon disulfide may produce tozic symptoms. The
inhalation of concentrations of 10 parts per million of air may produce
symptoms, and 50 parts per million of nir may cause fatal poisoning.
The liquid is absorbed from the gastrointestinal tract and the skin;
the vapor is absorbed by the lungs. It is ercreted unchanged by the
lungs and kidneys. Death is caused by central nervous system de-

ression with respiratory failure. Chronic poisoning may lead to death
rom inanition, or hepatic insufficiency. The autfopsy findings show
areas of degeneration throughout the nervous system. Degenerative
changes are also found in the heart and liver. During life diagnosis
is made by the history or by determination of the concentration of
carbon disulfide in blood or expired air.

Treatment.—Adcute Poisoning (rare):

1. Gastric lavage—warm water.
2. Artificial respiration—CO,, 5 per cent, and O,, 95 per cent.
3. Blood transfusion.

Chronic Poisoning: Adequate ventilation is the most important fac-
tor as a prophylactic. Monthly medical examination for those exposed
is indicated. .

No specific treatment for chronic carbon disulfide poisoning is known.
A diet high in vitamin B complex, supplemented by 50 to 60 mg. of
thiamine chloride, parenterally, daily, and 200 mg. of nicotinic acid
daily, 1 mg. of riboflavin three times daily, and 20 mg. of vitamin B,,
parenterally, twice daily. A program of mental hygiene is recom-
mended. An ophthalmologist should be consulted on problems related
to the eyes.

Carbon Monoxide

Carbon monoxide (CO), a colorless, odorless, and tasteless gas, is the
most prevalent and most insidious of the toxic gases encountered in mod-
ern civilization. Its victims are found in domestic life, in transporta-
tion, and in industry.
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8ources.—Automobile exhaust gas contains about 7 per cent of car-
bon monoxide. Mine explosion gases, industrial blast furnace gas,
and fuel gases contain 8 to 30 per cent carbon monoxide. Furnace gases
in homes contain about 1 per cent carbon monoxide. Lack of proper
maintenance, improper construction, and defective ventilation are fre-
guent causes of carbon monoxide poisonings. Automobile exhaust gas
rom running motors in closed garages or in repair shops results in
many carbon monoxide poisonings each year. While natural gas con-
tain no carbon monoxide, manufactured gas, so widely used as fuel,
contains about 20 per cent.

Physiological Effects of Carbon Monoxide.—Carbon monoxide has an
affinity for combination with hemoglobin of the blood approximately 300
times that of oxygen. In an atmosphere containing this gas the oxy-
hemoglobin of the blood is converted to carbon monoxide hemoglobin,
thus excluding the necessary supply of oxygen to the body tissues and
ultimately resulting in asphyxiation if the concentration of carbon
monoxide in the air breathed and the duration of exposure are sufficient.
The reaction between carbon monoxide, oxygen, and hemoglobin is a
reversible one, following the well-known ‘‘mass law’’ of chemistry. In
the presence of fresh air or oxygen the reaction proceeds in the reverse
manner: oxyhemoglobin is formed and carbon monoxide is eliminated.
Carbon monoxide is classified as a chemical asphyxiant, not as a direct
tissue poison.

The erythrocytes are not injured by the combination of carbon mon-
oxide with hemoglobin. They are deprived of their vital oxygen-carry-
ing function. After removal of carbon monoxide from the blood, how-
ever, their normal function is restored. The sequelae of carbon mon-
oxide poisoning are attributed to the extent and duration of the anox-
emia caused by the formation of carbon monoxide hemoglobin. It is for
this reason that it is important to eliminate the carbon monoxide from
the blood as soon as possible in order to prevent permanent tissue dam-
age.

Rate of Absorption.—The rate at which carbon monoxide hemoglobin
i3 formed in the blood is dependent upon the concentration of the gas
in the air breathed, the duration of exposure, the activity of the in-

TABLE V
PREDOMINATING SYMPTOMS OF CARBON MONOXIDE POISONING

PER CENT BLOOD

SATURATION
No symptoms 0-10
Tightness across forehead; slight headachs, 10-20
dilation of cutaneous vessels
Headache; throbbing in temples 20-30
Severe headache, weakness, dizziness, dimness 30-40
of vision, nausea and vomiting, collapse
Same as previous; more tendency toward col- 40-50
lapse and syncope; increased respiration
and pulse
Syncope, increased respiration and pulse; coma 50-60
with convulsions; Cheyne-Stokes respira-
tion
Coma with intermittent convulsions; depressed 60-70
heart action and respiration; possibly death
Wesak pulse and slowed respiration, respiratory 70-80

failare and death
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dividual, and to a less extent upon age, high temperature, humidity,
and individual susceptibility. .

Sayers and Yant found the symptoms as recorded in Table V as the
percentage of carbon monoxide increased.

On the other hand, Gettler (Am. J. Clin. Path. 13: 169, 1943) found
that 25 per cent of persons died from carbon monoxide saturation of
less than 60 per cent; 28 per cent died from saturation between 60 and
70 per cent, and 48.5 per cent died from saturation between 70 and 88

r cent.
pel‘.llm!nation of Oarbon Monoxide.—Removal to fresh air is of first
importance in the treatment of carbon monoxide poisoning in order
that replacement of oxygen for the combined carbon monoxide in the
blood may be accelerated. Under such conditions about 50 per cent
of the carbon monoxide is eliminated during the first hour. However,
complete elimination requires several hours. Elimination of ecarbon
monoxide may be speeded up by administration of pure oxygen or a
mixture of oxygen plus carbon dioxide (93:7). The carbon dioxide
stimulates the respiratory activity by increasing the frequency and depth
of respiration. -

Concentrations of 400 to 500 parts of carbon monoxide per million
parts of air have no appreciable effect after one hour of breathing,
whereas four times this amount in one hour is dangerous and 4,000 parts
per million are fatal in less than one hour. The exhaust gas of an au-
tomobile contains 7 per cent carbon monoxide (70,000 parts per million
parts air) and is sufficient to render the air in an average garage deadly
in five minutes if the engine is allowed to run and the garage doors
are closed.

Acute Poisoning.—In acute carbon monoxide poisoning there may be
an absence of subjective symptoms, the victim being either unconscious
or in a state of much con?l'lsion. This acute form of poisoning is man-
ifested by progressive paralysis of the central nervous system, and re-
sults in an increase in pulse and respiratory rates; fall in blood pres-
sure; loss of reflexes; loss of muscular control, especially the sphincters,
and finally coma with intermittent convulsions; Cheyne-Stokes respira-
tion; slowing of pulse; slow and shallow respiration; cessation of
respiration; death. If the patient recovers, permanent damage may
have been done to the brain, due not to absorbed carbon monoxide but
to an insufficient supply of oyygen in the blood. It is the intensit
and duration of the period of asphyxiation which are related to suc
late symptoms and sequelae as are listed by Mayers.

1. Headache

2. General weakness, especially of the muscles.

3. Pain in the limbs, with or without numbness or tingling.

4. Tremor.

5. Palpitation of heart, with shortness of breath.

6. Attacks of intemse pain or pressure over heart region, re-
sembling angina pectoris.

7. Anemia.

8. Extreme dryness of throat.

9. Various mental or nervous symptoms,

Chronic Poisoning.—There may be no such thing as chronic carbon
monoxide poisoning per se. If you are going to have poisoning, so
called, from repeated acute exposures, then this condition should be
known clinically as encephalitis or postasphyxial myelitis. Nevertheless,
whether there is chronic poisoning or not there is ample evidence that
long periods of exj)oouro to low concentrations of carbon monoxide
a;eﬂl° nn'li"llmr istressing symptoms which interfere with the health
o
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The clinical picture is varied. In most cases the complaints are
frequent headaches, nausea, vomiting, general muscular weakness with
increased fatigue. Severe manifestations have been reported, such
as loss of vision, narrowing of visual field, joint pains, and muscle
spasms.

The diagnosis of chronic exposure to carbon monoxide may be estab-
lished by air analyses and by examination of the patient’s blood for
carbon monoxide content. The blood sample, of course, must be taken
during or immediately after the exposure because of the instability of
carbon monoxide hemoglobin on removal of the patient to fresh air.

Diagnosis.—The diagnosis of nonfatal carbon monoxide poisoning
is not easy in the absence of a history of exposure to gas. With lar
concentrations of carboxyhemoglobin the skin may show a pinkish flush,
but this is not always apparent in the living patient. Carbon monoxide
should be suspected in obscure cases of coma attended by marked spas-
ticity of the extremities and by the presence of hyperactive and ab-
normal deep reflexes, clonus, and signs suggesting bilateral involvement
of the pyramidal tracts.

To establish the diagnosis in nonfatal poisoning remove, as soon as
possible, a sample of blood (15 cc.) for qualitative and quantitative
chemical examination for the presence of carboxyhemoglobin. Quali-
tative test: Dilute a few drops of blood, then add a few drops of
10 per cent sodium hydroxide. A light pink solution will result and

rsist after the addition of the alkali. Normal blood will turn a green-
ish brown on the addition of the alkali. Qualitative tests as well as
spectroscopic tests for carboxyhemoglobin will give positive tests only
if the concentration of carboxyhemoglobin in the blood is more than 10
per cent.

In fresk air, about half of the carbon monoxide in the system will
be ecliminated during the first hour of survival; after twenty-four
hours, all the carbon monoxide will have disappeared. Thus for medico-
legal purposes secure blood sample immediately after exposure.

In acute carbon monoxide poisoning, many persons may survive for
twenty-four hours or more. They may regain consciousness only to lose
it again and die. A hypostatic bronchopneumonia may set in. At
autopsy: patients surviving for more than twenty-four hours after
poisoning may show a bilateral symmetrical softening or mecrosis of
the globus pallidus.

Carbon monoxide is nmot a cumulative poison in the sense of being
stored in the body. The critical examination of persons who have had
repeated small exposures reveals the production of no known charac-
teristic lesions. The condition of the nervous system and the cardiac
lesions attributed to such exposure have been exaggerated. From 30 to
75 per cent of the hemoglobin is saturated with carbon monoxide in
earbon monoxide deaths. Lower percentages are found in those who die
of short exposures. Quantitative determination of the carbon monox-
ide content of the blood should be carried out with the Van Slyke
manometric apparatus.

Treatment.—Get patient into the fresh air immediately. If breathing
has stopped or is irregular apply artificial respiration. Oxygen-carbon
dioxide Inhalation may be indicated. Five per cent carbon dioxide
in oxygen is preferable but pure oxygen may be used if this is not
available. Carbon dioxide stimulates reagiration and promotes the re-
placement of carboxyhemoglobin with oxyhemoglobin. In those patients
where breathing is difficult or has stopfed artificial respiration by the
Schaefer method should be given until normal breathing is restored.
The application of external heat and a long period of rest are usually
indicated for complete recuperation. Drugs are of little value in car-
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bon monoxide poisoning. Dr. Drinker says—¢‘It is a fact that prae-
tically every possible or impossible drug has been used in carbon mon-
oxide poisoning, and it is doubtful if any of them influence the result,”’

Note: Methylene blue, once thought to be an antidote, is of no value
and is contraindicated.

Rationale of Treatment.—The intoxication is due to the formation
of carboghemoglobin by union of carbon monoxide with oxyhemo-
globin. igh oxygen temsion tends to convert carboxyhemoglobin to
oxyhemoglobin and thus to combat the anoxemia and anoxia. Carbon
dioxide stimulates the respiratory center.

Radioactive Substances

The use of radioactive substances in industry is very recent. In-
dustrial exposure to these substances occur in mining radioactive
ores, testing the ores, making up radon seeds, and applying luminous
paint to timepieces and apparatus.

Radium is formed by the natural radioactive decay of its parent,
uranium, which oceurs in mineral deposits. Radium disintegrates
and emits alpha rays. The alpha ray can travel about 50 microns in
living tissue, and can do lethal damage to most of the cells through
which it ‘passes.

Symptoms.—Industrial exposure to radioactive substances may
produce pulmonary carcinoma, necrosis of bone, malignant growth
of bones, and various primary blood diseases.

Treatment.—Prevention of radium poisoning is directed against in-
halation of dust. Individual glass masks are commonly employed.
Suction ventilation should be used to keep the air relatively clean.
Rigid personal hygiene such as washing of the hands, etc., is important.
A complete blood count should be made once each month. The worker
should undergo radon measurements (Evans). Prevention of radium
absorption may be aided by an adequate calcium intake.

In chronic poisoning, treatment is directed toward aiding radium
excretion. Parathyroid extract plus large doses of ammonium chlo-
ride have been recommended. Treat any existing anemia.

Petroleum Distillates

Petroleum and its distillates, gasoline, henzine, naphtha, petroleum
ether, and kerosene are mixtures of hydrocarbons, paraftins, olefins,
naphthenes, and aromatics. These substances are narcotic poisons,
but much larger doses are required to produce poisoning than with
other industrial solvents.

Symptoms.—In acute poisoning the symptoms are those of a nar-
cotic drug—fullness of head, blurred vision, headache, dizziness,
ataxia, and nausea. Massive doses result in sudden collapse, coma,
and sometimes death. Autopsy findings are not characteristic. Hem-
orrhages in the lungs are often present.

Chronic symptoms resulting from benzine poisoning include rest-
lessness, vomiting, dyspnea, and tonic muscle spasms. Pains in the
limbs, coldness and numbness in the hands, loss of strength and
memory have been reported.

Treatment.—In acute poisoning the treatment is aimed at prevent-
ing respiratory and circulatory collapse. In severe cases pulmonary
edema may be best handled by positive pressure therapy. Oxygen by
catheter or tent is indicated if positive pressure therapy is impossible.

Keep patient warm. If circulatory failure is present, administer
caffeine and sodium benzoate, 0.5 Gm. (74 grains), or metrazol, 0.1
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to 0.3 Gm. (114 to 414 grains), intramuscularly. Pulmonary complica-
tions should be treated if they arise. Treat nervousness and rest-
lessness with such drugs as chloral hydrate, 0.6 to 2.0 Gm. (10 to 30
grains), or sodium bromide, 0.6 to 2.0 Gm. (10 to 30 grains). Vene-
section may be indicated to rid the body of methemoglobin.

Petroleum distillate fumes produce conjunctivitis which may be
treated by dropping 1:1,000 epinephrine solution into the eyes three
to four times daily. Doric acid ointment and cold compresses may
be of value.

Chronic cases should he removed from exposure. A high caloric
vitamin diet is indicated. Treat any anemia present with ferrous
sulfate preparations.

Synthetic Rubber

New toxic substances have appeared with the manufacture of syn-
thetic rubber, such as acrylonitrile, butadiene, and monomeric styrene.
The first has been referred to under cyanides,

Butadiene' is a gas with a mildly narcotic action. The vapors
cause irritation of eyes and respiratory passages. Styrene produces
eye and nose irritation. Its fumes produce mild narcotic symptoms.

Treatment.—Butadiene often produces skin burns. It is interesting
to know that a patient frequently is unaware that his skin has been
burned until several hours after contact. Anyone exposed to this
substance should take a shower bath and change his clothes. Cala-
mine lotion may be applied over the body.

Toxicology of Other Drugs

The reader is referred to the index for the toxicology of the various
other drugs.

War Gases

A number of more or less poisonous gases are used in warfare.
Every medical man should be familiar with these substances in regard
to recognition and immediate treatment.

It is impossible to give a detailed account of these gases in this
text. In general the gases so far used may be divided as follows:

1. Lacrimators (Tear Gases)
Chloracetophenone (C . CO.CH,Cl) (C.A.P.)
Bromobenzyleyanide (CH,CHBr.CN) (B.B.C.)
. Sternutators (Nose Irritants)
Diphenylchlorarsine (' H,),.AsCl
Diphenyl-cyanarsine (CgHg):.AsCN
3. Pulmonary Irritants
Chlorine (Cly)
Phosgene (COCl,)
Diphosgene (CLCOOCCL,)
Chloropicrin (CCLNO,)
4. Vesicants (Blister Gases)
Mustard Gas (CH,CLCH,),8
Lewisite (CL.CH:CH.AsCl,)

[

The tear and nose irritant gases are used primarily to cause tem-
porary distress, and rarely cause casualties. High concentrations may,
however, cause pulmonary irritation. The symptoms are obvious, and
the treatment consists of washing the ears or the nose with 2 per
cent sodium bicarbonate solution.



110 MATERIA MEDICA, TOXICOLOGY, AND PHARMACOLOGY

PHOSGENE (COCL,) may be taken as a type of the pulmonary irri-
tants. It is colorless but is recognized by its musty hay odor.

Symptoms.—There is coughing and difficulty of respiration with a
feeling of burning and constriction in the chest. Longer exposure
causes pulmonary edema and even death from asphyxia. Symptoms
develop several hours after exposure. The majority of deaths occur
during the first twenty-four hours. . A

Treatment.—Place patient at absolute rest. Warmth is essential.
Oxygen should be administered and irritating cough should be treatgd
with codeine. Acidosis may be treated by the intravenous admin-
istration of 500 ce. (1 pint) of 5 per cent sodium bicarbonate. For
collapse, give caffeine and sodium benzoate, 0.5 Gm. (7% grains),
subcutaneously. .

MusTARD GAS or dichlorethyl sulfide is a liquid which vaporizes
slowly at ordinary temperatures, giving off mustard gas. It has a
mustard or garliclike odor. It is very penetrating.

Symptoms.—On exposure, there is little effect for a few hours,
after which the eyes and nasal passages show marked irritation. The
throat becomes dry and burning, and vomiting and gastric pain soon
follow. During the first twenty-four hours the eyclids become
swollen and blisters form on the skin. The whole respiratory tract
may become inflamed, resulting in the production of areas of ul-
ceration and necrosis. Bronchopneumonia may result and cause death.

LEWISITE is quite similar to mustard gas but the action is more rapid.
It may be complicated by symptoms of acute arsenical poisoning.

Treatment.—Early treatment consists in removal of the patient to
fresh air and immediate treatment of skin and eyes.

SKIN TREATMENT.—Mustard gas: Dab and cleanse skin with sponges
dampened with gasoline (nonleaded), kerosene, alcohol, sodium hypo-
chlorite, or chloramine-T. Scrub skin with soap and water. Lewisite:
Remove agent with peroxide or 10 per cent sodium hydroxide in glycerin.

EYE TREATMENT.—Irrigate eyes immediately with a 2 per cent solu-
tion of sodium bicarbonate. Petrolatum may be applied to the edges
of the eyelids to prevent sticking. A 2 per cent solution of butyn
may be instilled in the eyes to relieve pain. Do not use cocaine or anti-
septics in the eyes.

Eyes contaminated with the liquid Lewisite should reccive repeated in-
stillations of 0.5 per cent hydrogen peroxide or 2 per cent sodium bi-
carbonate. Expert attention is indicated in these cases.

Late treatment of lesions produced by vesicants is as follows: Mus-
tard: Débride and apply sulfadiazine locally as a powder. Boric
acid or Burrow’s solution (diluted) as wet dressings may be useful.
Finally, a triple-dye mixture or tannic acid solution may be sprayed
on the lesion to produce a protective coating. Lewisite: Burns caused
by this agent may be excised, even though the area involved is quite
large (up to 12 s8q. in.) ; they will usually heal by first intention. BAL
by local application and systemic administration is indicated (see
under Arsenic). .

¢MBTHODS OF DETECTION AND ISOLATION OF POISONS

The methods employed in tracing the cause of puisoning and de-
termining the nature and quantity of the poisons involved may be
divided into three classes: (1) physical methods, (2) Dbiological
methods, and (3) chemical methods. The chemical methods are by far
the moat important.

1. Physical Methods.—Various optical and colorimetric methods
may be employed for detecting poisons. Colorimetric tests are
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valuable in the detection of alkaloids. The refractive index may be

employed in micromethods for detection of small amounts of poisons.

%‘lhe dspoctroscope is of utmost,importance in detecting poisons in the
ood.

2. Biological Methods.—These methods are of importance because
of the great senmsitivity of biological tests. Hatcher has been able to
detect traces of strychnine much more readily by biological means
than is possible by physical or chemical means.

The pharmacologist may employ even plant life to aid in his hunt
for poisons. Poisons may be detected by their effects on ferments;
for example, formaldehyde, phenol, mercuric chloride, ete., may be
detected by their poisonous effect on yeast cell. Worms may be
used for the detection of anthelmintics and other drugs. Blood
corpuscles are often used for the detection of saponins, toxic albumins,
and metals.

Biological tests can generally be obtained with substances less pure
than are required for chemical tests. They are most valuable for
detecting substances like strychnine, atropine, physostigmine, aconite,
‘“digitalis bodies,’’ and veratrine.

3. Chemical Methods.—The examination of the toxicologist consists
chiefly of a chemical analysis of the organs, excretions, or tissues of
the body in order to determine whether or not poisons are present.

Poisons are chemical compounds. They exhibit characteristic boiling
points, solubilities, color reactions, und other chemical reactions. On
the basis of the various chemical properties poisons are isolated, purified,
and identified. The chemical analysis should be performed by an ex-
perienced tozicologist.

CHEMICAL METHODS OF TOXICOLOGICAL ANALYSIS

A general knowledge of the principles and technique of a toxicological
examination is indispensable to a physician. Such information will aid
him in performing certain of the simpler toxicological tests and, of still
greater importance, it will aid him in interpreting analyses made by the
toxicologist. This knowledge is essential to a physician when called
upon to testify in court.

Preliminary Procedures.—The pathologist and toxicologist usually
work as & team. The pathologist should examine the various structures
and remove sections for future histological study. The material for
chemical examination, after being examined by the pathologist, should
be placed immediately by the pathologist in clean glass jars with tight
covers. Each jar should be properly labeled.

PRESERVATION OF TiSSUES.—When immediate analysis is to be made
or analysis for volatile material is indicated, no preservative is added.
Tissues for analysis should be removed before the body is embalmed.
When the analysis cannot be made immediately, the tissues should be
preserved chemically or by refrigeration. Refrigeration is the method
of choice. Alcohol (95%) or formaldehyde (4%) must not be used if
ethyl alcohol or methyl alcohol, carbon monoxide, cyanide, or phenol is
suspected. In the latter case use one part of salt to three parts of tissue
until the removal of the volatile substances has been accomplished.

Tissuz8s To Br EXAMINED.—It is rarely necessary to examine the
whole body. As a rule, the following organs are analyzed and in the
following order: the stomach and contents, the intestines, the liver,
spleen, kidneys, heart, lungs and brain; it may, however, be necessary
to examine other organs. If the poison is known, certain tissues known
to contain the poison may be selected for examination.
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Blood, urine, gastrointestinal contents, liver, lungs, kidney, and spleen
should be taken routinely. Any samples of vomitus or gastric washings
should be saved. .

The materials best adapted for chemical analysis are:

TABLE VI
MATERIAL FOR TOXICOLOGICAL ANALYSIS

POISON

URIL

BLOOD
NE

I vOMITUS
BRAIN
LIVER

KIDNEY

Acids
Alkali
Alcohol
Benzene
anides
lorates
Carbon tct-
rachloride
Barbitals
Alkaloids
Strychnine
Nicotine
Morphine
Antimony
Arsenic
Fluoride
Lead
Mercury
Phosphorus
Phenol
Carbon mon-
oxide X

4 M| STOMACH
4 M| INTESTINE
FECES
BONE
HAIR

M pd
1]
P
Eda ]
™

>
P

MMM MMM X
CEETE

H R
]

P

ol B P I
w
P
M

bttt

M
PMMR MR AN MY

PP DA DA A A D DA

»4 M

PREPARATION OF MATERIAL TO BE EXAMINED.—After the tissues have
been examined (gross appearance, color, odor), they should be weighed
and finely divided by means of scissors or meat grinder. The mixture
is divided into four equal parts: one part for control and preliminary
tests; one part for the volatile poisons; ome part for fixed organic
poisons (nonalkaloidal, alkaloidal) ; the fourth part for metals. Poisons,
from the analytical point of view, may be conveniently divided into
four classes: (1) volatile poisons obtained from suspected material by
steam distillation, (2) nonalkaloidal organic substances, soluble in ether
in the presence of acid, (3) alkaloids, soluble in ether or chloroform in
the presence of alkali, and (4) mineral poisons.

THE SCHEME OF CHEMICAL ANALYSIS

Volatile Poisoms
(Steam distillation)
ProcEDURE: Weigh out 100 Gm. of tissue; place it in a distillation

flask with 100 cc. of water and a crystal of tartaric acid; conneet to
a Liebig condenser. Fit an adapter to the condenser tube, dip into & few
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cubic centimeters of water, distill over 100 to 150 c.c. of water. Distil-
lation is best carried out by the use of steam from a second flask con-
nected to the flask containing the material. The distillate may contain
hydrocyanic acid, ethyl alcohol, etc. Next make the contents of the
flask alkaline with magnesium oxide and steam distill again. In the
alkaline distillate may be found ammonia, amines, aniline, volatile alka-
loids, and other volatile bases.

Note: Distillation under reduced pressure with efficient cooling of
the distillate minimizes destruction of nonvolatile organic poisons, es-
pecially alkaloids, and facilitates the procedure. Obviously the use
of fresh material for alkaloidal poisons is preferred.

ACID DISTILLATE ALKALINE DISTILLATE
Hydrocyanic acid Formaldehyde Amines
Chloroform Carhon disulfide Ammonia
Ethyl alcohol Acetone Chloroform (see chloral
Methyl aleohol Turpentine hydrate)
Nitrobenzene Todine Aniline
Yodine (free) Phosphorus Volatile alkaloids
Todoform Cresols Nicotine
Benzene Carbon tetrachloride Coniine
Phenol Other volatile substances Other volatile bases

Chloral hydrate

Nonvolatile Organic Compounds

(Above residue, acidified, may be used, or acidify 100 Gm.
fresh tissue with tartaric acid.)

BasIs oF SEPARATION.—The separation depends on the fact that glu-
cosides and alkaloid salts are soluble in alcohol or aqueous alcohol.
Glucosides are extracted from an aqugous or acid solution by chloro-
form or ether, while alkaloid salts are not. Free alkaloids, liberated
by alkali, are soluble in chloroform and other organic solvents.

Extract four times with 200 cc. of 50 per cent ethyl alcohol, using
a reflux condenser, cool, and filter. Evaporate combined alcoholic
extracts (under vacuo) over hot water bath to syrupy comsistency.
Add 100 cc. of 95 per cent alcohol, warm, then cool (icebox) and filter.
Evaporate filtrate as before to a syrupy consistency, add 75 ecc. of ab-
solute alcohol, warm, cool again in icebox, filter. Evaporate filtrate to
a few cubic centimeters over u water bath, add 5 cc. of 50 per cent
sulfuric acid, stir and add 150 cc. of distilled water. Warm on water
bath, place in refrigerator to allow separation of lipoids. Filter. The
filtrate (A) is ready for extraction of the nonvolatile organic com-
pounds (B + C).

(B) NONALKALOIDAL POISONS (C) ALKALOIDAL POISONS
[Extract (A) with 25, 15, 10 cc. (The acid aqueous solution re-
portions of ether in 250 cc. sep- maining after extraction with
aratory funnel. Test ether ex- ether is now made alkaline with
tract for poisons listed below.] MgO. Extraet with chloroform
Acetanilid in the same proportions as with
Acetophenetidin ether, Test chloroform extract
Antipyrine for alkaloids.)
Ammopyrine Strychnine
Brucine
Barbital Nicotine

Phenobarbital Cocaine
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Salieylic acid and deriva- Procaine

tives Quinine
Sulfonal, trional, tetronal Atropine
Caffeine Codeine
Theobromine Apomorphine
Theophylline Morphine
Other nonalkaloidal poisons Diacetyl morphine

Other alkaloids

Note: The above ether and chloroform extracts may be purified by
evaporating to dryness, dissolving in water, and again extracting with
appropriate solvent. Test ether (or chloroform) extract by allowing
several drops of fluid from separatory funnel to evaporate on a white
porcelain crucible cover. Then apply appropriate tests. Precipitation
and color tests are commonly employed. See tests as described in stand-
ard textbooks on detection of poisons.

RAPID SEPARATION METHOD.—In order to circumvent the usually
tedious and lengthy separation methods and to avoid loss of poisonous
sustances, the following method may be resorted to sometimes with
advantage. The minced tissue or residue remaining after removal
of volatile substances is extracted with its own weight of 20 per cent
trichloroacetic acid solution and the mixture is filtered. Fuller’s
earth, or kaolin, may be added to the filtrate to adsorb the alkaloids.
The Fuller’s earth, or kaolin, is then treated with sodium bi-
carbonate, dried, and extracted with chloroform which dissolves the
free alkaloids.

Maetallic Poisons

For the detection and estimation of metallic poisons various pro-
cedures are employed. A complete analysis for all possible metals is
rarely indicated, as it would be superfluous to test for nonpoisonous
metals. Those metals of special importance toxicologically include
arsenic, antimony, barium, bismuth, mercury, lead, silver, thallium,
tellurium, cadmium, and possibly others.

The Reinsch test should be carried out if metallic poisoning is
suspected. Actually, the Reinsch test is very gemerally used as a pre-
liminary measure in any case of poisoning of unknown origin.

To test for metallic poisons 100 Gm. of fresh tissue may be used, or
if the amount of material is small the residue remaining after examining
for volatile poisons and the members of the nonvolatile group of or-
ganic compounds may be used. Before testing the organic matter most
of the food or tissues must be destroyed. The most rapid method is
by ashing. However, some poisons, such as arsenic, lead, mercury, and
zine, suffer a loss by volatilization during ashing; it is not the method
of choice. The method of preference for the destruction of organic
matter is digestion by means of strong oxidizing agents, such as per-
chloric and sulfuric acids. Micromethods of analysis have been per-
fected to such a degree in recent years as to be of great value.

STANDARD TOXICOLOGICAL TESTS

The following simple tests should solve the great majority of toxico-
logical problems occurring in the average medicrlegal practice.

Volatile Poisons

While odor, appearance, etc., may aid in the recognition of volatile
poisons in the distillate, the final decision must rest on chemical
tests.
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ETHYL ALCOHOL

Ethyl alcohol is usually found in the first fraction of the distillate.
Test odor, and apply chemical tests.

1. Lieben’s Iodoform Test—To a few cubic centimeters of distillate
add 5 drops of 10 per cent KOH solution, heat in warm water for five
minutes. Add, drop by dx;tl){), iodine solution (iodine 5 per cent, potas-
sium iodide, 10 per cent) till the liquid takes on a permanent brown tint.
Add carefully more 10 per cent potassium hydroxide solution until color
disappears. There is a characteristic odor of iodoform if ethyl alcohol
ie; p}!l'e:ent. The test is also positive for aldehydes, acetone, and other
alcohols.

2. To 2 ce. of distillate add 2 Gm. of dry sodium acctate and a few
cubic centimeters of concentrated sulfuric acid, and warm. Traces of
etllxyl alcohol in distillation causes the characteristic odor of ethyl alco-
hol.

Quantitative Estimation of Ethyl Alcohol.—Arrange three large test
tubes in series, two of which are immersed in a water-bath (80° C.),
the third being connected to a suction pump to draw air through the
apparatus. Place concentrated sulfuric acid in the first tube to wash
the air. Place 2 ce. of blood or urine, or 2 Gm. of suspected ground
tissue in the second. In the third, place 10 cc. of N/10 potassium bi-
chromate (4.903 Gm. per liter) and 10 cc. of concentrated sulfuric acid.

The air current is started, the alcohol volatilizes, is carried through
the oxidizing mixture, and is absorbed and oxidized. Continue passage
of air current for approximately one hour. Next, transfer carefully
the bichromate mixture and washings to a volumetric 500 cc. flask and
make to volume. Add 5 cc. of 0.4N potassium iodide (51.2 Gm. per
1,000 cc.) a few drops of starch solution, then titrate with N/10 sodium
thiosulfate (24.82 Gm. of Na,8,0,.5H,0 per 1,000 cc.) until the deep
blue color just disappears.

Calculations: Let us say 6.10 cc. were used in titration; therefore,
10 - 6.10 cc., or 3.90 cc. of bichromate were used by the alcohol. Since
each cubic centimeter of N/10 bhichromate solution is equivalent to 1.15
mg. of alcohol, then since 2 cc. of blood or urine were used, the alcohol
in milligrams per 10 cc. is

57.5 x 3.90 or 224.25

Where the amount of material available is very limited, one of the
micromethods is indicated.

METHYL ALCOHOL

Methyl alcohol is found in the first part of the distillate. Oxidize
the methyl alcohol by distilling with potassium dichromate and sulfuric
acid. Collect the formaldehyde by distillation in a well-cooled receiver.
Test for formaldehyde as given below.

Deniges Method.—REAGENTS: One per cent of KMnO, solution, con-
centrated sulfuric acid, 10 per cent oxalic acid solution, Schiff’s re-
agent (dissolve 0.2 Gm. of basic fuchsin in 120 cc. of hot distilled water,
cool, and add 2 Gm. of sodium bisulfite (meta) in 20 cc. of water. Add
2 cc. of concentrated hydrochloric acid and dilute with distilled water
to 200 cc. Allow to stand for one hour before use. This solution will
keep for two weeks.

PRroCEDURE: Place 5 cc. of distillate (obtained same as for ethyl
alcohol) in a test tube, add 2.5 ce. of KMnO, solution (1 per cent) and
0.3 cc. of concentrated H,SO,. After three minutes add 0.5 ce. of
oxalic acid solution. Now add 1 cc. of concentrated sulfuric acid, mix
and add 5 ce. of Schiff’s reagent. In the presence of methyl alcohol
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a distinct blue or violet color appears within ten minutes. (Since this
test depends upon oxidation of methyl alcohol to formaldehyde, tissues
fixed in formalin and urine after methenamine medication contraindi-
cate this test.)

FORMALDEHYDE

Carry distillation at low temperature to collect formaldehyde in early
fraction of distillate.

Test.—To 0.5 cc. of distillate add a few drops of 5 per cent phenyl
hydrazine sulfate solution and one drop of N/10 potassium ferricy-
anide solution. Layer mixture on surface of concentrated sulfuric
acid in a test tube. A positive test for formaldehyde is present if a
red color appears at junction of the two layers.

CYANIDES

Cyanides pass off during direct distillation from the acid solution.
To test for eyanides let distillate bubble through a test tube containing
10 cec. of dilute alkali for a few minutes. Apply the following tests:

Schinbein’s Test.—REAGENTS: Guaiac-copper paper (saturate strips
of filter paper with freshly prepared 10 per cent alcoholic solution of
gum guaiac). Dry and moisten with 0.1 per cent solution of copper
sulfate.

PROCEDURE: Acidify (to litmus) material to be tested (first stomach
washings, etc.) in a flask with tartaric acid solution. Close flask, sus-
pend guaiac-copper paper through slit in stopper. Gently warm flask
in water bath. Paper turns blue in presence of cyanide. Note: A neg-
ative test rules out cyanide. If test is positive, confirm it by the follow-
ing test, as other substances also produce a blue color.

Prussian Blue Test.—REAGENTS: Ten per cent solution of ferrous
sulfate, 10 per cent solution of ferric chloride, 10 per cent solution of
NaOH, and dilute HCl (5 cc. of concentrated HCl plus 5 cc. of dis-
tilled water).

PROCEDURE: Test steam distillate from acidified material (as for
ethyl alcohol). Test first 5 cc. of distillate. Make alkaline by adding
several drops of 10 per cent NaOH. Add 0.5 cc. of ferrous sulfate
solution and 0.5 cc. of ferric chloride solution. Shake well and warm.
Acidify (to litmus) with dilute HC1 solution. A positive test for cy-
anide is indicated by the formation of a blue color or of a preeipitate.

PHENOL

Phenol passes into the first part of the distillation from the acid solu-

tion. Note if any characteristic odor of phenol is present. Acidify a
ortion of the distillate with sulfuric acid and extract with ether. Al
ow ether to evaporate and apply the following tests.

Millon’s Test.—REAGENT: Aillon’s reagent.—Dissolve 10 Gm. of
mercury in 10 Gm. of concentrated nitric acid, warm gently and dilute
with twice its value of distilled water. After it has stood for several
hours, decant clear solution for testing.

Procepure: Add 2 cc. of Millon’s reagent to 2 cc. of distillate and
heat gently. A positive test is indicated by a red color. (Aniline,
salicylic acid, tyrosine, ete., also give a positive Millon’s test.)

lPerrlc Chloride Test.—ReAGENT: Forty per cent ferric chloride
solution.

URE: Add, drop by drop, ferric chloride solution to 5 ce.
of distillate. If phenol is present, a blue violet color occurs. (Mineral
acids and slcohol will prevent the color reaction.)



TOXICOLOGY 117

PHOSPHORLS

Mitscherlich’s Method.—Connect a large flask by means of a two-
angle glass tube to a condenser.in a vertical position. Drop lower end
of condenser into 5 cc. of water in a small flask. Fill large flask one-
third with material to be tested. Acidify with tartaric acid. Heat flask
to boiling. When boiling point is reached, darken room and look for a
luminous ring in the upper part of condenser. This ring is a positive
test for yellow phosphorus.

Note: This trustworthy test for phosphorus depends upon the separa-
tion of free phosphorus in a current of steam where it phosphoresces.
The presence of certain volatile substances such as alcohol, ether, chloro-
form, and phenol prevent phosphorescence as long as they continue to
distill, while turpentine oil and some essential oils completely inhibit it.

Scherer’s Test.—REAGENT: Ten per cent silver nitrate solution.

PROCEDURE: Place material to be tested in a small flask and acidify
with tartaric acid. In the neck of the flask suspend a strip of filter
paper moistened with silver nitrate solution so that it will touch the
walls of the flask. Warm (40° C.) gently in water bath. If paper is
not darkened, phosphorus can be excluded. If the paper is darkened,
yellow phosphorus may be present and Mitscherlich’s test indicated.

Scherer’s test is a good preliminary hut not specific. It at least in-
dicates the ahsence of phosphorus. It is desirable to apply other tests.

Nonvolatile Organic Compounds
BARBITURATES

Koppanyi's Test.—REAGENTS: Cobaltous acetate solution (dissolve
0.5 Gm. of cobaltous acetate in 100 cc. of absolute methyl aleohol), iso-
propylamine solution (dissolve 5 cc. of isopropylamine (Eastman Kodak
Co.) in 100 cc. of absolute methyl alecohol). Keep this solution in
refrigerator.

PROCEDURE: Place in a test tube 2 ce. of ether extract of acid solu-
tion (B). Add 0.2 ce. of cobaltous acetate solution, followed by 0.6 ce.
of isopropylamine solution. If barbiturates are present, the ether will
assume a pinkish violet color.

STRYCHNINE

Strychnine resists putrefaction and is one of the most stable alkalies.
After extraction and purification, taste the extraet. A dilution as low
as 1:70,000 will give a bitter taste,

Fading Purple Test.—RraceNTs: Concentrated sulfuric acid, crystals
of potassium bichromate.

PROCEDURE: Evaporate 5 ce. of chloroform extract (C) to dryness
in a poreelain dish. Dissolve residue in 0.5 ce. of concentrated sul-
furic acid. Drop in a small crystal of potassium bichromate. The
formation of a play of colors from blue to violet to purple red and
finally to orange or yellow, on drawing through the liquid a small
erystal of potassium dichromate is a positive test for strychnine.

The sequence of color is important. Large excess of morphine or
brucine interferes with the reaction. Gelsemine and curarine gives
similar but not identical colors.

Biologic Test.—Inject some of the extract into the dorsal lymph sac
of a frog. If strychnine is present, a general tonic spasm will be ob-
sorved. A quantity of 0.04 mg. should produce response in ten to thirty
minutes.

Mandelin’s Test.-—Add 2 drops of Mandelin’s reagent (ammonium
vanadate, 1 per cent, in concentrated sulfuric acid) to some residue
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containing strychnine. A blue coloration is formed which changes to a
brilliant violet. The addition of ammonium hydroxide changes it to
rose red. The test is especially useful for detection of small amounts
of strychnine.

MORPHINE AND MORPHINE DERIVATIVES

The Marquis test is a most useful negative test. If the color is not
obtained, there probably is no morphine present; if it is obtained, con-
firm by other tests; of these the apomorphine reaction is recommended.

Marquis Test.—REAGENT: Marquis reagent (3 ce. of concentrated
sulfuric acid plus 2 drops of 40 per cent formaldehyde). Prepare at
time of test.

PROCEDURE: Evaporate 10 cc. of chloroform extract (C) to dryness
and add 3 drops of Marquis reagent. Morphine gives an intense purple-
red color, changing to violet, and then blue. This reaction is quite dis-
tinctive and accurate to 0.02 mg. With this reagent, codeine and apo-
morphine give a violet purplish-red color. Oxydimorphine shows a green,
changing to flame red. Dionine shows a dark blue violet. Heroin and
morphine give similar colors.

Apomorphine Reaction.—Moisten residue with pure concentrated sul-
furic acid, allow to stand twenty-four hours in a desiceator, then add 1
drop of concentrated nitric acid. A red-violet color appears changing
to dark blood-red and then to yellow-red. A crystal of potassium nitrate
may be substituted for the nitric acid.

Metallic Poisons

A Reinsch Test should be carried out, before starting the distilla-
tion, on fresh viscera, vomitus, ete. Tt is a most convenient and valu-
able test for arsenic, mercury, antimony, bismuth, and other inor-
ganic poisons.

Reinsch Test.—REAGENTS: Concentrated HCl and pure copper foil.
Wash 1 sq. cm. of copper foil in concentrated HNO,, rinse in distilled
water. Handle only with forceps.

PROCEDURE: Place urine, stomach contents, or about 25 Gm. of
minced tissue, the latter mixed with 25 cc. of water, in a beaker and add
one-sixth of its volume of concentrated HCl. Note: If urine or stomach
washings are used, concentrate 200 cc. (made alkaline with NaOH) to
about 40 cc. Acidify with 6 cc. of concentrated HCl. Then apply
test. Suspend copper foil in mixture, heat contents slowly to boiling
point and boil gently for five minutes, with stirring. Set aside for
thirty minutes, then examine copper foil for deposits. Mercury produces
8 silvery deposit, arsenic a grayish black, and antimony a black deposit.

The foil is removed, washed, dried, and introduced into a small
sublimation tube (MecNally tube). Gentle heat is applied and the
arsenic is volatilized, and forms small crystals of arsenous oxide
just beyond the heated area or constriction of tube. Under the micro-
scope numerous octahedral crystals are deposited. The test is sensitive
to 0.25 mg. arsenic per 50 ce. of fluid. Antimony sublimes and leaves
an amorphous deposit. Mercury is deposited in the constriction as small
globules of mercury which are easily seen under a microscope. Bismuth
does not snblime. The test cannot be applied in the presence of
chlorates or nitrates, and may fail if arsenic is present in organic forms.
For olinical use, the rapidity with which this test can be conducted
makes 4t of value to the physician.

Gutzeit's Test for Arsenic.—If very small amounts of arsenic are
present use Gutzeit’s test.
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BeacENTS: Pure zine, 6 per cent sulfuric acid, Gram’s iodine soln-
tion, silver nitrate solution (1:1).

PROCEDURE: Place 1 Gm. zine in a large test tube, add § ce. of 6
per cent H,80,. Add three drops of Gram’s iodine to remove hydrogen
sulfide or sulfurous acid. Add 5 ce. of unknown and cover test tube
with three layers of filter paper. Moisten upper layer with a drop of
silver nitrate. 8et tube aside for thirty minutes in a dark place. A
positive test for arsenic is evidenced by a yellow stain on the top filter
paper which turns black when a drop of water is added to the stain.

Gaseous Poisons
CARBON MONOXIDE

Pyrotannic Acid Test.—REAGENT: Pyrotannic acid. Dissolve 1
Gm. of pyrotannic acid and 1 Gm. of tannic acid in 100 cc. of distilled
water.

PROCEDURE: Place 1 cc. of blood in test tube, add 9 cc. of distilled
water and 10 cc. of pyrotannic acid reagent. After standing fifteen
minutes, if carbon monoxide is present the blood will retain a pink
color. With normal blood the original pink color will change to a gray-
ish brown. (Will detect CO in embalmed bodies.)

Hoppe-Seyler’s Sodium Hydroxide Test.—REAGENT: Concentrated
NaOH.

PROCEPURE: Mix two drops of blood to be tested with three drops
of concentrated NaOH in a white porcelain dish. A positive test is
evidenced by the formation of a red precipitate, while normal blood
forms a greenish-brown mass.

POINTS OF TOXICOLOGICAL SIGNIFICANCE

Absorption of Poisons.—The examination of the visceral organs,
brain, and blood is indicated, inasmuch as the presence of a poison in
these tissues indicates that it has been absorbed into the body. Analysia
of the stomach contents is important from the standpoint of identifying
a poison, but it does not indicate the amount absorbed in the body.
Furthermore, one must keep in mind that some poisons, such as
morphine, mercury, and sodium fluoride, are reabsorbed by the stomach.

8igns and Symptoms at Death Important.—If the fatal attack was
ushered in by sudden syncope and almost instant death cyanides would
be looked for. Strychnine would be thought of if convulsive seizures

receded death. If death was preceded by unconsciousness and somno-
ence, an overdose of alcohol or barbiturates might be the cause. Gastro-
intestinal upset, followed by circulatory collapse and death, is character-
istic of poisoning by heavy metals, fluoride, or nicotine.

A Poison May Be Undetectable.—Certain poisons which cause death
may escape detection. Good methods for chemical detection may not
be available; poisons may be removed by purging or vomiting; and
absorption may be so slight that none will be found in the vital organs.
Certain poisons may be sufficiently modified in the body to escape de-
tection.

Quantity of Poison Absorbed Important.—A quantitative determina-
tion of the poison may be essential in evaluating the role of toxic
substance with regard to death. If the patient has been taking drugs,
no doubt small quantities could be detected, yet not be the cause of
fatal poisoning.

A positive qualitative test for arsenic in gastric washings might sat-
isfy the clini:]m handling the case, but if such evidence was presented
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in court it surely would be discredited by the defendant who could show:
(1) that small amounts of arsenic may come from sources other than
those presented by the State, (2) that very small amounts of arsenic
may give a positive test, and (3) that demonstration of arsenic in the
stomach does not necessarily prove that death was due to arsenic
poisoning. . R

Common Poisons.—Statistical tables show that alcohol, illuminating
gas, carbon monoxide, phenol, cyanides, barbiturates, lysol, lye, arsenic,
mercury, paraldehyde, morphine, lead, strychnine, chloral hydrate, anti-
mony, barbital, salicylates, nrspﬁenamine, iodine, in the order listed, are
substances that are commonly associated with poisoning; they are the
poisons that deserve first consideration from the toxicologist if the
substance causing the poisoning is unknown. Many substances other
than those listed, although of less importance toxicologically, frequently
must be tested for.

If aleohol, carbon monoxide, and barbiturates have been excluded, it
then may be advisable to test for heavy metals, and for fluoride, cyanide,
nicotine, and strychnine, Obviously the exclusion of these poisons does
not exhaust the possibilities that death was due to poisoning. It is
questionable, however, if there would be justification for extending
the search much farther in a case exhibiting no positive evidence of
poisoning.

Interferences With Toxicological Examination.—Many conditions
interfere with the toxicological examination. Embalming may void the
test for many volatile poisons and may interfere with the extraction of
many organic compounds. Post-mortem decomposition interferes with
the tests for volatile substances like alcohol, and makes identification of
alkaloids unreliable due to the formation of ptomaine-like substances
which give identical tests. The destruction of the body by strong chem-
icals, such as strong mineral acids and strong alkalies, interferes with
the toxicological examination, except in the case of a few inorganic
poisons.

One of the various agents that should be expected in obscure deaths
is aleohol, either ethyl or methyl. The interval between ingestion of
alcohol and death is frequently so long that little or no aleohol will be
recovered by the analyst. Fatal poisoning may also occur without sig-
nificant gross or microscopic changes in the tissues. The barbitals may
a}s«:ibeh estroyed by the time autopsy is performed and yet be the cause
of death.

Interpretation of Results.—Many perplexing problems face the tox-
icologist in interpreting the results of his analysis, The question arises
as to whether or not the condition could be produced artificially in the
body. Embalming with fluid containing arsenic nullifies the value of an
arsenic determination, Poisons placed in the body after death slowly
diffuse through the tissues and simulate poisoning before death. Per-
sons dying of carbon monoxide poisoning may give negative toxicological
tests after twenty-four hours. Likewise, the organs of & person poisoned
by phosphorus, and living for several days, may give a negative de-
termination for phosphorus.

In order to understand and determine the part played by the poison in
causing death, the results of the analysis should be studied in relation
to the duration of the victim’s ills, the pathological lesions, the symp-
toms presented, and other available information.
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PART II

CLASSIFICATION OF DRUGS
I. Vehicles

A. Flavoring Vehicles

B. Coloring Vehicles

C. Solid and Semisolid Vehicles
D. Execipients

IL. Drugs Acting on Skin and Mucous Membranes

A. Emollients H. Bitters

B. Demulcents I. Gastric Antacids
C. Protectives .]I %igestants

D. Irrit.gms K. Emetics

E. Xstringents L. Expectorants

F. Caustics M. Adsorbents

G. Carminatives N. Cathartics

LIL. Antiseptics, Disinfectants, and Anti-infectives
A. Antiseptics and Disinfectants

. Phenol Derivatives

. Mercury and Mercury Derivatives
. Silver Compounds

. Oxidizing Agents

Acids

. Volatile OQils

. Dyes

. Todine and Todine Compounds
. Chlorine Derivatives

10. Spermatocides

11. Industrial Skin Cleansers

12. Detergents

13. Miscellaneous

[

PN 10

)=}

a. Betanaphthol f. Sulfur

b. Ichthammol g. Sulfurated Potash
¢. Benzyl Benzoate h. DDT

d. Resorcinol i. Nitrofurazone

e. Hexylresorcinol
B. Anti-infectives
1. Sulfonamides
2. Antibiotics
a. Penicillin
b. Streptomycin
e. Tyrothricin
d. Polymyxin
e. Other Antibiotic Agents
3. Anthelmintics
a. Oleoresin of Aspidium f. Gentian Violet
h. Carbon Tetrachloride g. Santonin

¢. Tetrachloroethylene h. Tartar Emetic
d. Hexylresorcinol i. Stibophen
e. Chenopodium Oil j- Neostibosan, ete,
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4. Amebecides

&t

a. Ipecac e. Iodochlorhydroxyquino-

b. Emetine , line

¢. Emetine Bismuth f. Diiodo-oxyquinoline
Iodide g. Carbarsone, ete.

d. Chiniofon

. Antisyphilitic Drugs

a. Organic Arsenicals d. Todides
h. Bismuth Preparations e. Penicillin
¢. Mercury Preparations

. Antimalarial Drugs

a. Quinine

b. Totaquine
¢. Quinacrine
d. Pamaquine

. Chloroquine

. Paludrine

. Pentaquine

. Chlorguanide Hydro-
ehloride

=03 e

. Miscellaneous

a. Methenamine d. Sulfones

b. Mandelic Acid and (1) Promin
Salts (2) Diasone

c. Chaulmoogra Oil (3) Promizole

Drugs Acting on the Central Nervous System
A. Stimulants of C.N.S.

1.

Ri
-

3

Jerebrum:
The Caffeine Group
. Medulla:
Apomorphine, Picrotoxin, Metrazol, Nikethamide
. Spinal Cord:
The Strychaine Group

B. Depressants of C.N.S.

1

D3

w

5

-

6

O

. General Anesthetics:

Ether, Chloroform, Nitrous Oxide, Ethylene, Ethyl
Chloride, Cyclopropane, Tribromoethanol, Vinyl

Ether, Adjuvants (Curare, Oxygen, (arbon Di-
oxide)

. Intravenous Anesthetics:
Thiopental Sodium, Hexobarbital Sodium
. Hypnoties: o

“Paraldehvde, Chloral Derivatives, The Sulfone

Group, Barbiturie Acid Derivatives
. Redatives:

Bromides and Compounds Containing Rromine,
Cannabis, Scopolamine (Hyoscine), Hydantoin De-
rivatives, Trimethadione (Tridione)

. Analgesics:

- Opium, Morphine, Codeine, Papaverine, Narcotine,
Thebaine, Pantopon, Heroin, Dionin, Apocoaeme,
Apomorphine, Dihydromorphinone Hydrochloride
(Dilaudid), Hemerol (Isonipecaine), Methadon

. Antipyretics: . . )
~— Acetanilid, Acetophenetidin, Antipyrine, Amino-
pyrine, Salicylic Acid Derivatives, Cinchophen,
Neocinchophen, Colehirine, ete.
. Aleghols:
"Ethyl, Methyl, Isopropyl
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V. Drugs Acting on Peripheral Nervous System
A. Drugs Acting on Autonomic Nervous System
1. Parasympathetic

a. Stimulanis: .
Acetylcholing, Pilocarpine, Physostigmine,
—Neostigmine (Prostigmine), Carbachol (Car-

baminoylcholine), Di-isopropyl Fluorophos-

phate (‘‘DFP’’), Choline, Muscarine

b. Depressants:

Atropine, Scopolamine, Hyoscyamine, Stram-
monium, Homatropine, Eucatropine Hydro-
chloride, Homatropine Methylbromide, Eu-
mydrine

2. Sympathetic

a. Stimulants:

Epinephrine, Ephedrine, Amphetamine (Ben-
zedrine), Phenylephrine  Hydrochloride
(Neosynephrine), Kephrine, Paredrine,
Propadrine Hydrochloride, Naphazoline Hy-
drochloride (Privine), Tuamine, Vonedrine,
Tyramine

b. Depressants:

Ergotoxine, Frgotamine, Yohimbine, Dioxane
Derivatives

3. Sympathetic and Parasympathetic Ganglia

Nicotine, Lobeline, Coniine, Gelsemine, Tetraethyl-

ammonium Chloride

B. Drugs Acting on Cerebrospinal Nervous System
1. Local Anesthetics:

Cocaine, DButesin Picrate, Butyl Aminobenzoate,
Ethyl Aminobenzoate, Orthoform, Amylsine Hy-
drochloride, Butacaine Sulfate, Diothane, Phena-
eaine, Procaine, Monocaine, Tutocaine, Amydri-
caine, Benzyl Alcohol, Metycaine, Tetracaine,
Dibueaine Hydrochloride

VI. Cardiovascular Drugs
The Digitalis Group (Digitalis Leaf Preparations, Digitoxin,
Digoxin, Lanatosid-C), Ouabain, Strophanthin, Quinidine,
Papaverine, Xanthine Derivatives, Thiocyanates
VII. Oxytocic Drugs
Ergot, Ergonovine, Pituitrin, Pitocin, Quinine
VIII. Diuretics
A. The Mercurials
Mersalyl (S8alyrgan), Mersalyl and Theophylline, Mercuro-
phylline, Meralluride Sodium Solution
B. The Caffeine Group
C. Saline Group
D. Miscellaneous
Ures, Glucose, Sucrose, Water
IX. Biologicals

A. Vitamins
B. Serums and Vaceines
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C. Blood, Blood Derivatives and Substitutes
Whole Blood, Human Plasma and Serum, Serum Albu-
min, Globhulins, Thrombin, Fibrinogen and Fibrin, Red
Blood Cells, Colloidal Solutions (Gelatin, Pectin, Poly-
vinyl Alcohol, Acacia, Dextran)
D). Hematinics
Iron and Iron Compounds, Liver and Stomach Prepara-
tions, Folic Acid, Ileparin, Dicumarin, Blood Coagulants,
Sclerosing Agents, Pentnucleotide, Radioactive Phos-
phorus, Phenylhydrazine, Urethane, Arsenic, Nitrogen
Mustards

E. Hormones

X. Miscellaneous
Histamine and Antihistamine Drugs, Protein and Amino Acid
Preparations, Snake Venom, Rhus Preparations, Arsenie,
Fluorides, Helium, Gold



CHAPTER V

DRUGS ACTING ON SKIN AND MUCOUS
MEMBRANES

1. EMOLLIENTS, DEMULCENTS, PROTECTIVES,
IRRITANTS, ASTRINGENTS

Emollients, demulcents, and protectives are chemically inert substances
used chiefly to cover and thus protect the skin from external irritanta.
They act locally in a purely mechanical or physical manner.

Emollients (L. emollire, to soften) are chiefly bland, oily substances,
such as fats, oils, and glycerin. They are employed as vehicles for more
active drugs, for softening and rendering skiz more pliable, and as
protectives. In the former case, they may serve as vehicles for drugs
having as their chief purpose a local action in which it is desirous of
maintaining a slow liberation of the drug from the base; or they may
serve as vehicles for drugs from which absorption and systemic effects
are desired. In this case the ointment should be rubbed in to insurc
absorption through the sebaceous glands.

Demulcents (L. demulcere, to smooth down) are mucilaginous sub-
stances, such as gums, dextrins, and starches, which form colloid-like
solutions in water. They are used to (1) allay inflammation, (2) delay
absorption of other drugs, (3) mitigate taste, (4) protect against ir-
ritant poisons, and (5) to emulsify oils and suspend insoluble substances.

1. Demulcents allay inflammation when they are applied over in-
flamed surfaces; in tonsillitis they may be used as gargles or ad-
ministered by sucking lozenges containing demulcent principles.

2. Their effect in delaying absorption of other drugs may be illus-
trated by opium, which is prescribed when local action on the bowel or
stomach is desired, while the pure alkaloid morphine is administered
for its effect after absorption.

3. The taste of food is altered by demulcents, although demulcents
are relatively tasteless and odorless. Sugar dissolved in mucilage tastes
less sweet than when dissolved in water, acids in mucilages taste less
acid, and ice cream less cold than ice. Large quantities of fluid may be *
administered with greater ease in the form of demulcents, since they
are more agreeable to the taste, e.g., barley water.

4. Protection against irritant powsons is afforded by demulcents. The
act by retarding absorption and by protecting the walls of the stomac
from the effects of the poisons.

5. Demulcents are used to emulsify oils, such as emulsified cod-liver
oil, and to make a more permanent suspension of insoluble substances,
thus making medication easier and more accurate. Gum acacia and
tragacanth are especially adapted to holding substances in suspension,
such as resins or oils, and giving cohesion to pilla and lozenges.

The most important demulcents are: acacia, tragacanth, starch, flax-
seed, glycyrrhiza or licorice root, agar, almond, and glyceryl monostear-
ate.

Protectives are chemically inert substances used to protect wounded
or inflamed surfaces of the skin and mucous membranes against external
irritation. The external irritation way be due to drying, or to the access
of bacteria and mechanical irritanta.

126
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EMOLLIENTS OR OILY AND FATTY SUBSTANCES
Lard

Lard, the purified internal fat of the abdomen of the hog, is a cheap
and easily accessible fat composed chiefly of stearin, palmitin, and
olein. Benzoinated lard is a soft, white solid containing the soluble
constituents of 1 per cent of benzomn, added in an attempt to preserve
it, conceal its odor, and give it antiseptic and stimulating properties.

Action and Uses.—Lard and Benzoinated Lard are rarely used alone
a8 emollients but are chiefly used as the basis for ointments carrying
healing, softening, stimulant, anodyne, or antiseptic drugs. They have
some ability to penetrate into the skin and are well adapted to being
applied with friction., They have the ability to absorb about 2 per cent
water. They are liable to become rancid if kept too long.

Petrolatum

Petrolatum, also called paraffin and petroleum jelly, is a non-
volatile, inactive mixture of semisolid hydrocarbons obtained from
petroleum. It is insoluble in water and in alcohol, but soluble in fats
and fat solvents.

Action and Uses.—Petrolatum possesses emollient, lubricant, and
laxative action. It is used chiefly as a lubricant and vehicle. It has the
disadvantage of not mixing with water. It apparently possesses slight
ability to penetrate into the skip and thus is used as a vehicle for
medicaments intended to act on the surface of the skin. Liquid
Petrolatum is employed extensively as a laxative and to some extent
as & vehicle. Heavy and light mineral oils are available.

White Ointment, Unguentum .4lbum, consists of 90 per cent white
petrolatum, 5 per cent white wax and 5 per cent wool fat. It is used
alone to allay skin irritation or as a basis or vehicle for carrying other
remedies,

Yellow Qintment, Unguentum Flavum, contains wool fat, 5 per cent,
yellow wax, § per cent, in petrolatum, 90 per cent. [t is used as an
ointwent base.

Glycerin

Glycerin, C,H,(OH),, is a clear, colorless, odorless, syrupy, sweetish
liquid, obtained by the hydrolysis of animal and vegetable fats and
purified by distillation. Chemiecally it is a tri-atomic alcohol. When
exposed to air it absorbs moisture. It is freely soluble in water and
alcohol; insoluble in ether, chloroform, and oils. Glycerin solutions of
medicinal substances are known as glycerites.

Pharmacological Action.—Glycerin acts chiefly as an emollient
and demulcent. It abstracts water from irritated, inflamed, chapped
surfaces of the skin and mucous membranes. When applied to normal
skin it does not abstract water, on account of the impermeability
of the stratum corneum (Sollmann). On diseased surfaces its sooth-
ing action is preceded by smarting, due to extraction of water.

Therapeutic Uses.—Glycerin is largely used as a vehicle, solvent,
and sweetening agent. Its hygroscopic action is taken advantage
of in compounding preparations for external application and for
preparations, such as tampons, suppositories, enemas, etec. Its con-
tinued use as tampons and suppositories is contraindicated. \Vhen em-
ployed on vaginal tampons either the pure glycerin or the boroglycerin
is used. These tampons are used in such conditions as pelvic infection,
eroded cervix, etc.
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Externally, it is extensively employed in ointments and lotions for skin
diseases.
For chapped hands, etec.:

B
Liquefied Phenol .. ___.___..___ 0.40 ce. (Myvj)
Glyeerin ... 10.00 ce. (£3iiss)
Aleohol .. 30.00 ce. (£3j)
Rose Water . __________.__. 90.00 ce. (£51ij)

M. Sig.: Apply freely.

Theobroma Oil

Theobroma Oil, Cacao Butter, is a fat obtained from the seeds of
Theobroma Cacao. The oil is obtained principally as a by‘;srodnct in
the manufacture of cocoa. It possesses a faint, agreeable odor, and a
bland chocolate-like taste. It is insoluble in water or alcohol.

Adotion and Uses.—Theobroma oil possesses emollient and lubricant
action. It is a solid at room temperature and melts at body tempera-
ture; because of this property it is a valuable vehicle in the manufac-
ture of suppositories.

Expressed Oil of Almond

This oil is obtained from kernels of varieties of Amygdalus com-
munis. It is a fixed oil and is contained in several official preparations.

Action and Uses.—It possesses demulcent and nutritive properties.
It is rarely prescribed alone but is used chiefly as a constituent of
ointments, salves, and emulsions.

Rose Water Ointment (cold cream) is composed of expressed
almond oil (56%), spermaceti (12.5%), white wax (129%), sodium
borate (0.5%) and rose water (§%). It is a pogular toilet article,
being a pleasant emollient for dry skin, ‘‘chapped hands,’’ ete. It is
a suitable vehicle for more active agents.

Paraffin

Paraffin is a purified mixture of solid hydrocarbons, obtained from
petrolatum. It is a white waxy tasteless solid melting at 50° to
57° C., soluble in ether and volatile nils, hut insoluble in water or
aleohol. .

Action and Uses.—Paraffin has many pharmaceutical but few
therapeutic uses. It is sprayed or painted on burns or other lesions. It
should be applied only to selected cases, as retention of moisture and
heat encourages infection. It is used to exclude air and prevent drying
and contamination. It is also used for injection for cosmetic purposes,
e use which is unsafe, as malignant ‘‘paraffinomas’’ may develop.
Paraffin is also used to harden ointments and for impregnation of
bandages. Chlorinated Paraffin is used as a solvent for dichloramine-T.

Wool Pat (Lanolin)

Lanolin is the purified anhydrous fat of sheep’s wool. It contains
cholesterin esters and alcohols of the fatty series. It is used almost
exclusively in the form of Aydrous wool fat. It rarely becomes rancid;
it is miscible with twice or more its weight of water, thus water-soluble
;?Itl ea:x be incorporated with greater ease, producing a smoother

ntment.
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dotion and Uses.—Lanolin possesses emollient action. It is used
as a vehicle or ‘base for ointments. It is particularly suitable as an
ointment if absorption of the active constituents through the skin is de-
sired. Owing to its sticky consistency it is seldom prescribed alone.
For treatment of dermatitis:

B
Phenol - .. 0.80 Gm. (gr.xij)
Bismuth Subnitrate _______________ 6.00 Gm. (3iss)
Hydrous Wool Fat________________. 8.00 Gm. (3ij)
Zine Oxide Ointment.______. _q.s.  30.00 Gm. (5j)

Muke an ointment
Sig.:  Apply locally.

Olive Oil

Olive oil is a pale yellow fixed oil expressed from the ripe fruit of
Olea europaea. It possesses emollient, laxative, and nutrient properties.
It is used in skin diseases, in hyperchlorhydria, as a laxative, as a
nutrient, and as a vehicle in pharmacy.

Baby Lotion (The New York Hospital Formulary) :

R
Stearic Acid - ___________ 4.6%
Anhydrous Lanolin ________________ 6.3%
Liquid Petrolatum _________________ 8.8%
Sesame Ol . ___ . ______ 1.1%
Olive Oil . 1.1%
Triethanolamine - . ___________ 1.7%
Aleohol oo C 1.19%
Distilled water oo _____ 75.3%

M. Sig.: Appiy as directed.

Waxes

Waxes are employed to harden ointment bases. A base composed
of lard hardened with wax is known as a cerate.

PREPARATIONS

Lard, Adeps, U.S.P., B.P.

Benzoinated Lard, Adeps Benzoinatus, U.S.P., B.P.

Petrolatum, Pctrolatum, \1.8.P. Parafinum Molle, B.P.

Liquid Petrolatum, Pectrolatum Liquidum, U.S.P. (White Mineral Oil).
Dosage: 15 ce. (4 fluidrachms). Paraffinum Liquidum, B.P,

Liquid Petrolatum Emulsion, Kmulsum Petrolati Liquidi, U.S.P. Liquid
petrolatum (50%%) acacia, syrup, vanillin, alcohol, and distilled
water. Dosage: 30 ce. (1 fluidounce).

Glycerin, Glycerinum, UKL, BP. Dosage: 4 ce. (1 fluidrachm).

Theobroma Qil, Oleum Theobromatis, U.8.P,, B.P.

Expressed Almond Oil, Olcum Amygdalae Expressum, U.S.P. Oleum
Amygdalae, B.P.

Rose Water Ointment, Unguenfum Aquae Rosae, U.S.P.

Paraflin, Paraffinum, N.F., R.P,

Wool Fat, Adeps Lanae, UK.P., R.P.

Hyilrous Wool Fat, Adeps Lanae Hlydrosus, U.8.P,, RP. Wool fat with
about 27 per cont of water.

Olive Oil, Oleum Olivae, UC.SP., BP. Dosage: 30 cc. (1 fluidounce).
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White Wax, Cera Alba, U.S.P.

Yellow Wax, Cera Flava, U.S.P. (Beeswax)

Spermaceti, Cetaceum, U.S.P. A waxy substance from the head of the
sperm whale. Used in cerntes and cold cream.

DEMULCENTS OR MUCILAGINOUS SUBSTANCES
Acacia

Acacia, gum arabic, is a gummy exudate obtained from the branches
of Acacia Senegal and other species. It comsists mainly of potassium,
magnesium, and calcium salts of arabin or arabic acid. It is soluble
in water and insoluble in alcohol. Its chief preparation is Acacia
Mucilage, & 35 per cent aqueous solution of the gum. Acacia should not
be preseribed with strongly aleoholic solutions, lend acetate, ferric salts,
or sodium borate.

Action and Uses.—Acacia is an emulsifying agent and a suspending
agent for such substances as bismuth subcarbonate, barium sulfate,
magnesium oxide, ete. Its colloidal properties and low toxicity have led
to its use with sodium chloride as replacement therapy after hemorrhage.
Acacia is neither metabolized nor excreted and hence after effects, such
ae deposits in the tissues, may follow repeated use. Acacia may cause
urticaria, anaphylactic shock, ete., usually ascribed to impurities in the
gum. In hemorrhage shock, 500 to 1,000 cc. of physiological saline plus
6 per cent acacia may be used by vein, administering 10 to 15 ce.
per minute.

Tragacanth

Tragacanth is a gummy exudate from Adstragalus gummifer, diffi-
cultly soluble in water, forming a translucent mucilage or jelly varying
in viscosity according to the quantity used. Tragacanth Mucilage
is an official preparation consisting of a 6 per cent aqueous gel.
Tragacanth is a complex carbohydrate. It is a nongreasy lubricant and
is used in lotions, troches, pills, suspensions, and emollients. In the
manufacture of emollients it is more suitable than is acacia.

In the treatment of pruritus, protection from air may be obtained
by the application of tragacanth lotions. If applied in a thin layer, this
lotion dries quickly and leaves a thin protective film.

Tragacanth lotion:

B
Tragacanth_ . _________. 4.00 Gm. (3j)
Glyecerin_ e . 2.00 cc, (£3ss)
Water. . ______ q.s. ad  90.00 cc. (f3iij)

M. 8ig.: Apply locally in thin Iayer.

Starch

Starch, cornstarch, is a white powder obtained from the grain Zea
mays. It is odorless, tasteless, and insoluble in water or alcohol. It
forms a whitish gelatinous mass when boiled with water.

Action and Uses—Starch is a protective and diluent agent. It may
be used externally as a protective in the form of dusting powders or
ointments in the treatment of prickly heat, chafing, dermatitis, and other
skin conditions. Plain, or prepared by boiling, it is added to daths for
the relief of itching. Starch water is frequently used for colon irriga-
tion for the relief of diarrhea and dysentery. Starch is a valuable anti-
dote for the treatment of iodine poisoning.
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In the treatment of prickly heat:

B v
Salieylic Aeid_ . _____.. 0.60 Gm. (gr.x)
Borie Aeid_ .. 4.00 Gm. (3j)
Zine Oxide. .. ___________________ 12.00 Gm. (3iij)
Stareh 30.00 Gm. (3j)

M. Sig.: Apply as directed.
OTHER DEMULCENTS.—Many other drugs are used as demulcents in
therapeutics. Among them are:

Agar, 4gar, US.P., BP. Dosage: 4 Gm. (1 drachm).

Althea, Althaea, N.F. (Marshmallow Root.)

Linseed, Linum, U.8.P.

Compound Senna Powder, Pulvis Sennae Compositus, N.F. Senna
(18%), washed sulfur (8%), with glycyrrhiza, fennel oil, and
sugar. Dosage: 4 Gm. (1 drachm).

Elm, Ulmus, N. F. (Elm Bark, Slippery Elm).

Troches of Elm, Trochisci Ulmi, N.O. (Each troche contains elm,
tragacanth, sucrose, and ancthol.

Acacia, Acacia, U.8.P., B.P. (Gum Arabic).

Tragacanth, Tragacantha, U.8.P., B.P. (Gum Tragacanth).

For other preparation of this group see Chapter IIL.

PROTECTIVES
Collodion

Collodion is a 4 per cent solutior of pyroxylin, or cellulose tetra-
nitrate (guncotton) in ether and alcohol. It is a clear, almoust
colorless syrupy, highly inflammable liquid. Tt is used chiefly as
Flexible Collodion, composed of cumphor (2¢%), castor oil (3%),
collodion (95%). It is rendered flexible by the camphor and castor oil
and does not crack or contract, but does not adhere as well as collodion.

Action and Uses.—On evaporation of the solvent collodion forms a thin
film which acts as a protective to smull wounds of the skin and mucous
membrane. The alcohol-ether solvent assures sterility. Flexible
collodion is the basis of medicated forms such as salieylic acid corn
cures, tannic acid, ete. Some preseribers may add about 25 per cent
castor oil to collodion to render it more flexible and to prevent too
rapid evaporation,

For treatment of clavus:

B
Salievlic Acid . ... 2.00 Gm. (3ss)
Cannabis Extract ... 0.60 ce. (gr.x)
Flexible Collodion ____ . . __. 15.00 ce. (£3ss)

M. Sig.: Apply to corns twice daily.

Insoluble Bismuth Compounds

The insoluble bismuth salts are used locally as protective and
astringent dusting powders for the treatment of wounds and
excoriated surfaces. All the insoluble compounds of bismuth used
in medicine produce essentinlly the same effects. The insoluble
bismuth compounds are used in x-ray diagnosis.

Mode of Aotion—The insoluble bismuth compounds act largely
mechanically, as protective and drying dusting powders. Applied to
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wounds, they dry the secretions and form & protective covering or scabf.
Their action is partly mechanical and partly due to & small amount “l,d
bismuth that goes into solution, and aids by an astringent and mil
antiseptic action. They are quite effective nonirritant intestinal anti-
septics, . . L

The most commonly used insoluble bismuth compounds are bismut
subcarbonate and bismuth subnitrate. They answer every purpose;
the subcarbonate, however, deserves the preference, since it cannot

give rise to nitrite poisoning.
Bismuth Subcarbonate

Bismuth Subecarbonate is an amorphous, nearly i.nsgluble, bgsic
powder, yielding not less than 90 per cent Bi;0,. It is incompatible
with sulfides, sulfur, acids, and acid salts. .

Action and Uses—In the alimentary tract and on skin it is an
emollient, astringent, and antacid. If the stomach is acid in reaction
it is in part changed to an insoluble oxychloride; in the large intes-
tine it is changed to the black insoluble sulfide. Constipation may
follow its continued use. On the skin it ncts as an astringeut and
by its irritant action as a bleach.

By oral administration it is used in the treatment of gastritis, hyper-
chlorhydria, peptic ulcer, diarrhea, dysentery, etc. As an antidiarrheic,
etc., administer 1 gram of the powder in cocoa or milk. Erternally it
is employed as a powder or in ointments in the treatment of ulcers,
burns, eczema and other skin conditions. When used as a prophylactic
against sunburn spread on as a paste or powder.

Large doses of bismuth subearbonate—not subnitrate—are used with
other agents in the treatment of amebiasis,

In the treatment of gastritis:

B
Bismuth Subcarbonate ____________ 20.0 Gm. (3v)
Sodium Bicarbonate _____________ - 10.0 Gm. (3iiss)
M. Make 20 capsules.
Sig.: One three times a day before meals.

Bismuth Subnitrate

Bismuth Subnitrate is a basie, nearly insoluble salt, yielding about
79 per cent Bi,0,. TIts action and uses are verv similar to those of
bismuth subcarbonate. It yields CO, when administered with soluble
carbonates and bicarbonates. The internal use of relatively large
amounts of the subnitrate for x-ray diagnosis or other purposes may
cause toxic manifestations, such as cyanosis, diarrhea, dyspnea, and
death by arrest of respiration. The effects are caused by the produe-
tion of nitrites by the reducing action of putrefactive bacterin in the
large intestine.

Titanium Oxide

Titanium, a hard gray-colored metal, is widely distributed in nature.
In the United States it is mined in Virginia, Florida, and California.

Titanium oxide (TiO,) and zinc oxide possess certain properties in
common: they are nontoxic, protective, mildly antiseptic, and slightly
antacid. They both possess considerable ability to cover surfaces,
titanium oxide giving three times the ‘‘coverage’’ for equal bulk.
Although the evidence available is somewhat meager, it may be con-
cluded that titanium oxide is about equivalent to zine oxide in ther-
apeutic value,



DRUGS ACTING ON SKIN AND MUCOUS MEMBRANES 133

Dusting Powders

Dusting powders are dry, fipe, insoluble, nonirritating powders,
such as talcum, lycopodium, chalk, and starch. They are used for
application to irritated, abraded, or inflamed surfaces of the skin or
mucous membrane. Their favorable action is due to their protective
action against air and from contact with clothes, and also to their
absorption of secretions, thus rendering bucterial action less probable.
Some of them are antiseptic in character and are used as surgical
dressings. Others are popular s toilet accessories and cosmetics.
Most of their virtues are due to their mechanical properties rather
than to their bactericidal action. Among the agents used for these
purposes are starch, calcium carbonate (chalk), magnesium carbonate
and oxide, magnesium silicate (talcum), aluminum silicate (kaolin),
lycopodium, zinc oxide, titanium oxide, ete.

Talcum is purified, native, hydrous magnesium silicate sometimes
containing a small amount of aluminum silicate. It is used as an
absorbent and protective and as a diluent for more active agents in the
treatment of many moist skin affections, and for cosmetic purposes.
Lycopodium, the spores of club moss, is sometimes employed as a
dusting powder for abrasions, ulcers, etc. Its most common use is to
prevent uncoated pills from sticking together. Prepared Chalk (CaCO,)
is an insoluble, amorphous, tasteless powder used occasionally as a
dusting powder but usually internally as an antacid. Starch is employed
us a protective and diluent, being prescribed with other agents in the
form of dusting powders and ointments, in the treatment of prickly
heat, intertrigo, dermatitis, and various other skin conditions.

For dusting powder:

B
Borie Aeid . 12.00 Gm. (3iij)
Tale
Zine Rtearate ______ __fdd. .. g ad 120,00 Gm. (3iv)
M.

Sig.: Dust on affected aren.

Calamine

Calamine is a mixture of zinc oxide and a small amount of ferric
oxide. It has a pinkish color and ecarthy appearance and is odorless
and insoluble in water.

It possesses astringent and protective action. It i commonly used
in a liniment and lotion in the treatment of skin diseases, such as
erythema, dermatitis, ecsemn, und many similar conditions. One per
cent phenol is often added to the lotion. It is occasionally used in
ointment form.

For treatment of herpes progenitalis:

B
Zine Oxide . _________ 1.00 Gm. (gr.xv)
Calamine . o . 1.00 Gm. (gr.xv)
Glyeerin oo 2.00 ce. (£3ss)
Aleohol oo 2,00 cc. (£3s8)
Water .coe..-. cemmmm—————— q.8. ad 00.00 cc. (f3ij)

M, Sig.: Apply freelv. SHAKE LABEL.

Calamine lotion is widely used to relieve itching. If this is to be
used on unbroken skin, equal parts of limewater and rose water make
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it less liable to cake and somewhat less drying. If the gkin is very dry,
glycerin may be added or calamine liniment may be used.
For generalized pruritus Pusey’s Calamine Liniment:

R .
Tragacanth powder -—----eeeeoee 4.0 Gm. (3j)
henol
(I;lye;?'in ..................... aa  0.67 cc. (Mx)
lami .
g?n:n::g%e eeeemmemmeeA@ 30.00 Gm. (3§)
Olive 0il ccmomcmmcccecmmeemee 120.00 ce. (5iv)
Bergamot Oil oo 2.00 cc. (3s8)
Distilled water oo -—- g.s. ad. 480.00 ce. (3xvj)

M. Sig.: Apply to skin as directed.

PREPARATIONS

Collodion, Collodium, U.S.P.

Flexible Collodion, Collodium Flexile, U.S.P., B.P. ) L

Bismuth Subecarbonate, Bismuthi Subcarbonas, U.S.P. Bismuthi Car-
bonas, B.P. Dosage: 1 Gm. (15 grains). . .

Bismuth Subnitrate, Bismuthi Subnitras, N.F. Dosoge: 1 Gm. (15
grains).

Tale, Talcum, U.S.P.

Titanium Dioxide, Titanit Dioxridum, N.F.

Lycopodium, Lycopodium, N.F. .

Calamine Liniment, Linimentum Calaminae, N.F. Prepared calamine
(8%) and zinc oxide (8%) in an emulsion of olive oil and solu-
tion of calcium hydroxide.

Calamine Lotion, Lotio Calaminae, U.S. . Prepared calamine (84),
zine oxide (8%), and glycerin (2497) and bentonite magmn
(40%) in ealeium hydroxide solution.

IRRITANTS

Irritants are drugs which act locally on cutaneous tissue to produce
the typical phenomena of inflammation, ‘*irritation.’’ They injure the
protoplasm through coagulation, liquefaction, and other means, They
are drugs which injure the skin and thus set up defense mechuanisms
which operate to protect the tissue. The milder irritants destroy super-
ficial cells, especially if diseased; but the deeper cells multiply more
rapidly, facilitating healing and repair. In many skin diseases, irritant
or stimulant action is desirable, e.g., chrysarobin in psoriasis.

RUBEFACTION. Drugs which produce a first degree irritution charae-
terized by hyperemia of the blood vessels are called rubefacients. The
action at first is on the superficial vessels, but penetrates to the deeper
structures producing both direct and reflex action. Associated with the
hyperemia there is a feeling of warmth, itching, and even puin. If the
action is stronger than rubefaction, it may produce vesication or pustula-
tion. Mustard, turpentine, camphor, ammonia, and volatile oils are
typical rubefacients. Hot water produces rubefacient action.

VESICANTS are drugs which are capable of producing a greater degree
of irritation. They cause the capillaries to dilate widely and become
permeable. Plasma escapes into the extracellular spaces, and fluid col-
lects under the epidermis in small and discrete blisters which later
coalesce. No fine line of demarcation separates the rubefacients and
vesicants, the degree of irritation depending to a large extent on the
concentration of the drug and the time during which it is allowed to
act. Cantharides and ammonia are typical vesicant drugs.
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PUSTULANTS are another type of irritant which do not penetrate the
epidermis but only the orifices of the sebacecus glands, acting locally
at these sites rather than diffusely over the surface of the skin. Pus-
tulants may produce small multiple abscesses which if the action con-
tinues may coalesce. The principal pustulants are eroton oil and tartar
emetic. This group of drugs has few therapeutic indications.

Oounterirritation.—Irritants produce (1) local changes (as de-
scribed above under rubefacients, vesicants and pustulants) and (2)
secondary changes (counterirritation).

Secondary changes, or counterirritation, are more gemeral in nature
and affect the whole organism. They arise (1) from reflex stimulation
of centers in the medulla oblongata, and (2) from vasodilatation in the
distant organs due to reflex stimulation through the posterior roots.

REFLEX STIMULATION IN MEDULLA OBLONGATA.—The medullary centers
involved are those regulating the heart, tone of the vessels, and respira-
tion. Temperature, leucocytes, metabolism, and general well-being seem
to be affected to some extent by skin irritation. Moderate irritation of
the skin accelerates heart rate and increases blood pressure due to reflex
stimulation of the vasomotor center, which constricts chiefly the
splanchnic vessels, while exaggerated irritation slows the heart and
lowers the blood pressure. Moderate irritation results in a greater sup-
ply of blood to muscles and skin, and less to the internal organs.

Skin irritants on man cause gasping and irregular respiration. Tem-
perature falls slightly; as a rule internal temremture falls, and skin
temperature rises. Metabolism is increased slightly and leucocytosis
is evident. Skin irritation seems to have the general effect of awakening
the person and improving his mental condition as a whole.

VASODILATATION IN DISTANT ORGANS.—Skin irritants are most fre-
quently employed to influence organs far removed. Many theories have
been suggested to explain the effects of counterirritation, but no satis-
factory explanation has appeared to satisfy the modern scientific mind.

MECHANISM OF COUNTERIRRITATION.—The afferent nerve fibers from
the skin contact in the cerebrospinal axis with efferent vasomotor fibers
to internal organs. Thus the increased circulation of the skin produces
a similar condition in deeper skin structures and in viscernl organs
innervated from the same level of the nervous system. Thus when pain
arises from an internal organ it is believed that sensory impulses
simultaneously coming from the skin as a result of the action of an
irritant may either alter the character of the pain or, more likely,
occupy the final common pathway to the partial or complete exclusion of
pain impulses arising from the viscera.

At the present time physical means are more widely employed for
producing hyperemia, irritation, and counterirritation. Heat is often
the rubefacient of choice. The hot pack, short wave diathermy, and
other common methods of applying heat are used for producing localized
hyperemia. Localized circulatory changes may also be produced by
parasympathomimetic drugs employed by iuntophoresis for the purpose
of increasing the blood flow in a localized aren.

The relief of pain may be explained partly by diversion of the
attention of the patient from disease by the irritants applied, and
partly by the explanation based on homologous reflexes.

Therapeutic Uses of Irritants.—Irritant drugs are especially use-
ful in medicine for their reflex stimulant action of the central nervous
system and for their stimulant action in certain skin diseases,

Due to the development of more efficient therapeutic agents such
as antitoxins, antisera, etc., their use in certain diseases such as
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i erculosis, arthritis, etc., is almost obsolete. leat lamps
sllllg“lﬁ:;n;oicgbare usuafly favore(i ove’r'irritangs‘ to produce hyperemia
or relieve pain in the treatment of certain conditions.

Many drugs produce irritation and counterirritation.
are worthy of consideration.

The following

Ammonia

Ammonia, N is an irritating gas, soluble in alcohol,‘and in
water, in v;hicl:xﬁ';. part is converted into NHOH. Its solutlonfs are
incompatible with acids (neutralization), soluble metall_xc sult,s (formsa
hydroxides), and with alkaloidal salts (frees alkaloid). The car-
bonate on exposure to air frees NH,, and in aqueous solution, espe-
cially hot water, rapidly eliminates NH,. . L.

Action and Uses.—Ammonia is a stimulant, irritant, and carminative.

Mode of Action.—When inhaled or given internally in therapeutic
doses, the irritation of the vapors causes reflex stimulation of the vaso-
motor centers, with contraction of the arterioles and increased blood
pressure. The heart may be temporarily slowed then sped up from
reflex action on the vagus, the cardiac muscle, and the vasomotor
centers. The action is usually transient, which makes it a valuable
agent in sudden collapse, fainting, ete. There also results reflex stimula-
tion of the respiratory center resulting in stoppage, and then deeper
and fuller respirations.

Aromatic Ammonia Spirits or Ammonia Water may be inhaled or
given internally; place 2 ce. of aromatic ammonia spirits on a hand.
kerchief and inhale fumes, or take orally 2 cc. well diluted. The aromatic
spirit has been used as an antacid and carminative. There is some
doubt as to its effectiveness. Stronger Water of Ammonia should
not be used internally and should he cautiously used only by inhala-
tion. The carbonate is often used either in the form of smelling salts
or given orally. Smelling salts usually consist of ammonium carbonate,
ammonium chloride, and various volatile oils.

Externally, ammonia is rubefacient; it is used chiefly in the form
of liniments. Applied in concentrated form it may blister.

PREPARATIONS

Diluted Ammonia Solution, Liquor Ammoniae Dilutus, U.R.P., B.P.,
NH, (about (9.5%) in distilled water. Dosage: 1 ce. diluted
with water.

Strong Ammonia Solution, Liquor Ammoniae Fortis, USP. It is an
aqueous solution of ammonia containing about 28 per cent of
NH,.

Aromatic Ammonia Spirit, Spiritus Ammoniac Aromaticus, U.8.P,,
B.P. Ammonium carbonate (3.4%), ammonia water (9%) and
oils of lemon, lavender, and myristica in aleohol and distilled wa-
ter. Absolute alecohol content about 65 per cent by volume.
Dosage: 2 cc. (30 minims).

Ammonia Liniment, Linimentum Ammoniae, N.F. Diluted ammonia
_solution (25%) in oleic acid and sesame oil.

Ammonium Carbonate, Ammonii Carbonas, U.S,P., B.P. A mixture of
ammonium acid carbonate and ammonium carbamate, yielding
about 31 per cent of NH,. Dosage: 0.3 Gm. (5 grains).

Mustard

Sinapis Nigra (black mustard) has been used since the earliest time
both in medicine and as a condiment. Now it is used for its emetic,
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rubefacient, and vesicant action. The volatile oil is developed from
black mustard on contact wjth water. This volatile oil is the active
principle whieh imparts the pungent odor and taste und the irritant
properties to mustard. Black mustard and white mustard are the
dried sceds of Brassica nigra and Sinapis alba, respectively. They are
herbs extenmsively cultivated in Europe and in America. The seeds of
both are usually mixed together and supplied as powdered or ground
mustard. Black mustard contains a ferment, myrosin, and a glucoside,
sinigrin, which decomposes in presence of wuter as follows:

CIWKNS0,, — CSNGH, + GII,0, + KHSO,

sinigrin allyl- glucose potassium
isosulfoeyanate bisulfate

Sinee the irritant action depends upon this fermentation taking place,
mustard must not e mixed with very hot water.

Action and Uses.—Mustard is characterized by its emetic, rubefacient,
and vesicant action.  Ar an emetic a tablespoonful of powdered mustard
is given in a glass of warm water. It is used in the form of
poultices aud plasters in the treatment of bronchitis, pneumonia, and
us a counterirritant in certain neuralgic or rheumatic conditions. As
a counterirritant use: 8 tablespoonfuls of flour, 4 tablespoonfuls of
mustard, the white of 1 egg, warm water to make a paste; spread
on a cloth and apply until redness is produced. It should be used
only to produce rubefaction, and ought to be removed before vesica-
tion oceurs. A mustard plaster should be left on for about ten to
twenty minutes. The volatile oil of mustard may be dissolved in
nleohol or fixed oils and used as a counterirritant.

PREPARATIONS

Black Mustard, Sinapis Nigra, U.SP. Dosage: FEmetic 10 Gm. (21}
drachms).

Allyl  TIsothiocyanate, _Allylis Isothiocyanas, N.F. Volatile Oil of
Mustard.  Contains not less than 93 per cent of CH,NCS,

Mustard Plaster, Fmplastrum Sinapis, U.S.’. A mixture of black
mustard, derived from its fixed oil, and a solution of a suitable
adhesive, spread on paper, cotton cloth, or other fabric. Nork:
Before applying mustard plaster it should be thoroughly moist-
ened with tepid water (U.S.P.).

Camphor

Camphor, C,H,0, is a stearopten or ketone obtained from the
volatile oil of Cinnamomum Camphora, the camphor tree of eastern
Aria. Camphor may be produced synthetically. It forms white, erystal-
line masses of characteristic odor and taste. These masses are almost
insoluble in water, but are freely soluble in alcohol, ether, chloroform,
fixed and volatile oils. Dry camphor volatilizes readily, but its solutions
are stable.

Action and Uses.—Camphor is a stimulant, carminative, and antiseptic,
On the skin and mucous membranes, camphor is mildly irritant, pro-
ducing redness and a feeling of warmth and analgesia. Exterally,
it is ap?lied as a mild analgesic and counterirritant in neuralgia and
rheumatism in the form of Camphor Liniment (Camphorated Oil), or as
Camphor Spirit. It is slightly antiseptic. It is used in ‘‘moth
balls’’ as a protection against moths,

Inhaled, administered internally by mouth, or injected hypodermically,
it is used as a cardiac or respiratory stimulant in cases of fainting,
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tic narcosis. In faintness, weakness, or syncope, it
lo::l;pg:, i.xﬁ::\lm?ethe form of Camphor Spirit; or this preparation
may be given internally in doses of 1 cc. (15 minims) for the1 a:]ne
purpose. Hypodermic injections of 1 to 2 ce. qf a 10 per cent solu tl:n
of camphor in olive oil or almond oil, repeated in 10 to 15 minute u: T-
vals, if necessary, are claimed to be valuable circulatory and ira’ gry
stimulants in collapse from anesthetics and other narcotics. phor
and the monobromated camphor are used in the treatment of colds,
bronchitis, headache, hysteria, and in analgesic and antispasmodie
remedies.

As an inhalation for colds:

B
h
lcltx:tpho‘ir e cAd 2,00 Gm. (388)

Compound Benzoin Tincture g.s. ad 30.00 ce. (f3j) .
M. Sig.: Use teaspoonful in pitcher of hot water as required.

The systemic effects of camphor are seriously questioned. Straub
well expresses this: ‘‘In Germany, at least, there was a time when
nobody was allowed to die without Camphor.’’

PREPARATIONS

Camphor, Camphora, U.S.P., B.P. Dosage: 0.2 Gm. (3 grains).
Ca.mghor’ Linixl;ent,’ Liniméntum Camphorae, U.S.P., B.P. Camphor
(209%) in cottonseed oil. o
Camphor Water, dqua Camphorae, G.S.P., BP. Dosage: 10 cc. (2%
fluidrachms). i
Camphor Spirit, Spiritus Camphorae, U.8.P. Camphor (1_0%), in
aleohol. Dosage: 1 ce. (15 minims). B.P. 0.3-2 mils. (5-30

mins. ).
Monobromat?ad Camphor, Camphora Monobromata, N.F. (C,H,O Br).
Dosage: 0.125 Gm. (2 grains).

Cantharides

Cantharis consists of the dried insects Cantharis vesicatoria, and
yields not less than 6 per cent cantharidin (C,,H,,0,). The name
‘‘Bpanish Flies’’ given this substance is correct according to Solis-
Cohen, except that it is not a fly, and its use did not originate in
Spain. The insect is closely related to the ‘‘potato bug.”’ Cantharides
preparations have been useg medicinally since the earliest times but now
they are seldom prescribed.

Pharmacological Action.—Cantharides when applied to the skin
roduce redness, pain, and soon small vesicles which coalesce to large
listers. The action is slow, and penetration is slow, without involve-
ment of the deeper layers. Blisters heal readily, leaving no scars. A
plication of 0.04 per cent cantharidin produces a blister within half
an hour, but cantharides plaster (0.033 per cent cantharidin) requires
four to six hours to produce a blister,

When taken internally, cantbaridin irritates the alimentary tract,
kidney, and urinary passages. When taken orally, the solution
blisters the mouth and throat and hinders swallowing. The action on
the stomach is severe, causing vomiting and severe pain, often fol
lowed by eollapse.

Toxicology.—Cantharidin may be absorbed from the intestine, or
even from the blisters, and affects chiofly the organs of ollmimt'ion.
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Small quantities irritate the bladder, causing a desire to micturate.
Large quantities may cause nephritis and hematuria, and inflammation.
‘l"fb .Ehe genitourinary tract, producing pain, irritation, priapism, and
ibido.

Toxic symptoms may be produced by 0.5 gram or less. Death may
follow the indgaatian of 1.5 to 3.0 grams; it may occur suddenly from
shock or be delayed several days and be due to nephritis. Treatment
consists of emptying the stomach by lavage or apomorphine. Demul-
cent drinks and opiates are indicated.

At present cantharidin is contraindicated for use as a diuretic be-
cause of its injury to the kidneys and because other diuretics are
more effective.

Therapeutic Uses.—Cantharis is sometimes used as a counterirritant
in the treatment of such conditions as neuralgia and sciatica. It is used
in various hair preparations to prevent alopecia.

The cerate or plaster is sometimes used for external application. The
tincture is used with various other applications in hair preparations.
The drug should never be used internally.

DPREPARATIONS

Cuntharides, Cantharis, N.F. Cantharidinum, B.P.

Cantharides Cerate, Ceratum Cantharidis, N.F. Cantharides (35%)
with oil of turpentine, glacial acetic acid, yellow wax, rosin.
and benzoinated lard.

Cantharides Tincture, Tinctura Cantharidis, N.F., B.P. Cantharides
(10%), in glacial acetic acid and alecohol. Dosage: 0.1 ce. (114
minims). Its internal use is not desirable.

Chloroform

Chloroform is a heavy, colorless, volatile liquid with a character-
istic, penetrating odor and sweetish taste. It is soluble in 200 parts
water, freely miscible in alcohol, ether, petroleum, and in fixed and
volatile oils. To prevent deterioration keep in amber-colored glass
bottles stored in a cool dark place.

Aotion and Uses.—Chloroform is a general anesthetic, sedative, rube-
facient, carminative, anodyne, and antispasmodic. (For general action
and toxicology, see Chapter X.) On the skin chloroform may produce
redness and even vesication, if evaporation is retarded. It acts as a
carminative and intestinal stimulant when given internally. Externally
it is an ingredient of liniments used for sprains, strains, etc. Decided
rubefacient action is effected by covering the area after applying. The
official Chloroform Liniment (chloroform 30% and soap liniment) is
used alone or with other agents, or chioroform is prescribed with soap
liniment in other preparations.

For external application:

R
Menthol __ . 4.00 Gm. (3j)
Chloroform .o o 30.00 cc. (18]
Camphor and Soap Liniment ___.___. 180.00 ce. (£3vj)

M. Big.: Apply as directed.

PREPARATION

Chloroform Liniment, Linimentum Chloroformi, US.P,, B.P. A mixture
of chloroform (30%), camphor and soap liniment. Caution:
Chloroform liniment deteriorates with age.



140 MATERIA MEDICA, TOXICOLOGY, AND PHARMACOLOGY

Turpentine

Turpentine is an oleoresin obtained from
Pinus. Turpentine and its related preparations
ancient times,

Action and Uses—Turpentine andt its }:re;:a

tic, carminative, rubefacient, counterirritant, ¢ I !
:?(P action. It is readily absorbed from the skin, lungs and intestinal
tract. It is excreted largely by the kidneys. Small doses cause no-
ticeablo systemic effects. In larger doses (15 to 150 ce.), fatal poison-
ing may oceur. .

Since oil of turpentine is very irritating it should be administered
as an emulsion or with a bland oil. It is fr?qpcnz)y administered
as ‘‘turpentine stupes.’’ It may be used as a liniment or as a stupe
in the treatment of neuralgia, neuritis, and rheumatism. The “stppe,”
prepared by adding the oil to flannel cloth, previously soaked in hot
water and wrung out, has been a common household remedy for treat-
ment of various rheumatic pains, renal colic, intestinal distention, ete.
It must be removed as soon as it produces pain, because otherwise it
will blister. The oil is very penetrating, and if vesication is produced
the lesions are very painful and heal slowly.

various species of
have been used since

rations possess an anti-
diuretic, and anthelmin-

PREPARATIONS

Turpentine Oil, Oleum Terebinthinae, USSP+ Spirits of Tarpentine ™’

Rectified Turpentine Oil, Qleum ZTerebinthinue Kectificatum, N.F. Re
distilled turpentine oil. Oleum Terebinthinae, B.P. Dosage: 0.3
cc. (5 minims).

Turpentine Oil Emulsion, Fmulsum Olei Terebinthinae, N.F. Rectified
turpentine oil (1539¢) with acacia and distilled water.  Dosage:
2 ce. (30 minims).

Turpentine Liniment, Linimentum Tercbinthinae, N.F., B.P’. Rosin
cerate (659 ) in turpentine oil.

Balsams

Balsams are mixtures of resins, volatile oils, benzoic and einnamic
acids, and their esters. The oils act as antiseptics. The oils and
resins are mildly irritant, thus stimulating repair. The resins also
furnish local protection, thus aiding healing.

PERUVIAN BALSAM.—This compound, obtained from a tree of Central
America, the Toluifera Pereirae, contains from 25 to 30 per cent resin
and from 55 to 65 per cent of volatile oil (esters of bhenzoic and
cinnamic acids) to which it owes its therapeutic virtues. It is a thick
brown liquid, possessing a vanilla-like odor and a bitter taste. It
is soluble in alcohol and nearly insoluble in water.

Action and Uses—Peruvian Balsam is antiseptic, mildly irritant and
stimulant to the skin and mucous surfaces. Equal parts of Peruvian
Balsam and castor oil are recommended for the treatment of bed sores.
It is useful in the treatment of ringworm (epidermophytosis). The
following prescription is useful:

B
Ether . __ ... 2.00 ee, 3
Peruvian Balsam _._.__________ 4.00 ‘G:m. ((g.};s)
Flexible Collodion .__.._. q.8. ad 30.00 cc. (£5j)

M. 8ig.: Open vesicles and apply antiseptically.
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Peruvian Bulsam, applied as a 10 per cent ointment, is indicated in
the treatment of impetigo contagiosa. A 4 to 8 per cent concentration
in 10 per cent sulfur ointment is indicated in the treatment of scabies.
Internally, it may be used as a stimulant and disinfectant expectorant
in chronic bronchitis and other dizcharges from the mucous membranes.
1t is snid to increase cell division.

TorLu BALsaM.—Like Peruvian Balsam, Tolu balsam is a mixture
of resinous matter (75 to 80 per cent) with cinnamic and benzoic acids
and their esters. It is a feeble stimulant expectorant; Tolu Balsam
Syrup has an agreeable vanilla-like flavor. Tt is insoluble in water, sol-
uble in alcohol. It is un ingredient of C‘ompound Benzoin Tincture,
U.8.P., which is often employed in obstinate catarrhs by inhalation of
the vapor.

As a constituent of cough remedies:

B
Codeine Sulfate . ______ 0.16 Gm. (gr. iiss)
Sodium Citrate _______________ 8.00 Gm. (3ij)
Tolu Balsam Tincture ________ 30.00 ce. (f3))
Distilled Water ____.____q.s. ad 90.00 cc. (£3iij)

M. Sig.: Teaspoonful every two hours.

BENZOIN.—Benzoin is a balsamic resin of Styrar benzoin, a tree of
South Asia. It has the stimulant and expectorant properties of benzoic
acid, and is used for the same purposes. Benzoin contains benroic
acid, cinnamic acid, and resins.

Action and Uses—Benzoin is useful in the treatment of ulcers, bed
sores, and various skin lesions. Compound Benzoin Tincture acts as
a stimulating expectorant. It ias applied as ‘‘varnish’’ to ‘‘chaps’’ or
abrasions, ulcerated surfaces, chafed palms, etc. It is mildly antiseptic
and astringent. It is frequently administered by adding a teaspoonful
to a glass of water and inhaling the vapor. It possesses a pleasant odor
and acid taste. Its active constituents are soluble in alcohol and inselu-
ble in water.

As an inhalant in whooping cough:

B
Menthol
Camphor_ . __.____.__._ ._....._...;2Q 4.00 Gm. (3))
Compound Renzoin Tineture___q.s.  ad 60.00 ce. (f5ij)
M. Rig.: TUse a teaspoonful in a quart of hot water
by inhalation.

PREPARATIONS

Peruvinn Balsam, Balsamum Poruvianum, UV.S.P., R.P, (Peru Balzsam.)

Tolu Rulsum, Balsamum Tolutanum, U.SP,, B.P. (Tolu.)

Tolu Balsam Syrup, Syrupus Balsami Tolutani, U.SP. (Syrup of
Tolu). Tolu balsam tincture (5% ) with magnesium earbonate,
suciose and distilled water. Dosage: 10 ce. (2% fluidrachms).

Tolu Balaam Tineture, Tinctura Balsami Tolutani, U.S.P. Tolu balsam
(20%) in aleohol. Dosage: 2 cc. (30 minims).

Benzoin, Rengginum, U.S.P, B.P.

Renzotn Tineture, Tinctura Benzoini, U.S.P. Benzoin (20%) in aleco-
hol.  Absolute aleohol content ahout 79 per cent. Dosage: 1 ce.
(15 minims),
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Compound Benzoin Tincture, Tinctura Benzoini Composita, U.S.P., B.P.
P Benzoin (10%), aloe (2%), storax (8%), Tolu balsan(4%)3
in aleohol. Absolute alcohol content about 77 per cent. Dosage:

2 ce. (30 minims).

Chrysarobin

Chrysarobin is a mixture of neutral principles obtained from Gon
powder, a substance deposited in the wood of a.Brulemn. tree
Pouacapoua (Aguiar) araroba. It is a brownish ma}tenal very slightly
soluble in water and slightly soluble in alcohol. Itis soluble in chloro-
form (1:23).

Pharmacological Action.—This compound is antiseptic nnd‘has a
powerful irritant action on the skin. Various hydrocarbons, includ-
ing coal tar, pyrogallol, resorcin, and chrysarobin, are used to re.duc_e
scaling and hypertrophy of the horny layer of skin. Chrysarobin is
more active than tar and must be used with caution. !t absorbs
oxygen readily and is converted into chrysophanic acid. Tt is strongly
irritant to the skin and mucous membranes.

Toxicology.—Chrysarobin when applied to the skin in susceptible
persons causes itching, swelling, and pustular eruptions. It sl_xould Dot
be used about the eyes. When swallowed it irritates the gastrointestinal
tract, causing vomiting and purging. Tt may injure the kidneys,
causing nephritis. Small doses may cause nephritis and albuminuria.

Therapeutic Uses.—Skin Diseases.—Chrysarobin is employed as an
ointment (5 to 25 per cent) in the treatment of psoriasis, lupus, ring-
worm, ete. It is also effective against herpes tonsurans, eczema and
pityriasis versicolor. It should be applied only over small areas, and
should not be allowed to come in contact with the eyes.

In psoriasis, chrysarobin is undoubtedly effective in more cases than
any other drug. Treatment is usually begun with 5 per cent strength
and increased to 25 per cent. The drug may be applied in collodion
to be painted on, a method more acceptable to the fastidious patient
but less effective than the ointment.

Chrysarobin is a potent drug and should not be employed on the
scalp or face because of the danger of setting up a severe dermatitis.

For psoriasis (Sutton and Sutton):

B
Chrysarobin . _________._______ 4.0 Gm. (3))
Petrolatum .. __________ q.s. 30.0 Gm. (3j)
M. 8ig.: Rub in three times daily. (The activity of
this irritant is promptly counteracted by the ap-
plication of 1:3000 aqueous solution of potassium
permanganate.)

. Diozyanthranol is a synthetic compound resembling chrysarobim, It
is said to be more active, less toxic, and more pleasant to use than
chrysarobin.

PREPARATIONS
Chrysarobin, Chrysarobinum, U.8.P., B.P,

Chrysarobin Ointment, Unguentum Chrysarobini, U.B.P. (6% ), B.P.

gzrl).( ’ q(Zl;rysarobin (86%), yellow ointment (87%), and chloro-
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Juniper Tar

Juniper tar (oil of cade)’ is a dark brown, thick liquid having a
tarry odor and an aromatic Dbitter taste. It is slightly soluble in
water and partially soluble in alcohol. It is a volatile oil.

Aotion and Uses.—Juniper tar possesses antiseptic, irritant, and ex-
pectorant action. It is used as an epidermal stimulant in chronic
inflammatory disenses; it acts like tar. It is usually prescribed with
other agents and is well diluted with a bland ointment base.

In the chronic stage of eczema the best available preparations are
cade oil and pine tar. Juniper tar may be the least unpleasant. In
the treatment of scabies 10 per cent juniper tar is added for antipruritic
effect in the following prescription.

B
Juniper Tar _____________________ 12.00 ce. (f3iij)
Sulfur- . 24.00 Gm. (3vj)
Soft Soap oo 30.00 cc. (f5))
Petrolatum_______________________ 48.00 cc. (f3iss)

M. Sig.: Apply externally as directed.

PREPARATION
Juuniper Tar, Pir Junipers, U.S.P,

Pine Tar

Pine tar is a product obtained by the destructive distillation of the
wood of various species of pines (Pinus). 1t is a black semiliquid
materinl with an empyreumatic odor and taste. It is soluble in
alcohol, but only slightly soluble in water. When tar is distilled it
vields a liquid portion, rectified oil of tar (used as an external anti-
septie, irritunt, parasiticide, and in skin diseases), acetic acid, and
black rosin-like residue. The composition of pine tar is largely
phenolic and upon this depends its medicinal value.

Action and Uses.—Its most important internal use is as a stimulating
erpectorant for chronic bronchitis. It is used externally as a stimulat-
ing and antigeptic application for chronic skin diseases, such as eczema,
psoriasis, tinen, and scabies. Its anesthetic properties make it valuable
as an anlipruritic.

Pine tar may be prescribed with other agents, such as phenol, boric
acid, sulfur, ete., and well diluted with a bland ointment base. Pine
Tar Ointment is antipsoriatic, antiseptic, astringent, and is said to
promote healing in chronic skin lesions.

In treatment of chronic eczema:

B
Pine Tar oo 2.00 Gm. (3ss)
Precipitated Sulfur._______. ... 2.00 Gm. (3s8)
Zinc Oxide Ointment — ... q.s. ad  30.00 Gm. (3j)

M. Sig.: Apply as directed.

All tars are stimulating and must be used with caution in dermatitis.
It is & good plan to try out the tar preparation on a small part of the
inflamed aren before applying it to a larger area. If continued too long,
tars often cause folliculitis, and they must be discontinued.
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For infantile eczema (Tuft’s Clinical Allergy).

B s
Pine Tar .. 8 Gm. (3ij)
Zine Oxide ... 16 Gm. (33v)
StAre N e 30 Gm. (3j)
Petrolatum. . ____________ 120 Gm. (5iv)

Mix and make an ointment.

Sig.: Apply as directed. (If it causes irritation,
use only one drachm of coal tar in mixture.)

When applied in a thin coat this ointment is antipruritie, drying, and
very effective in infantile eczema. The ointment should be rengwed at
least once a day, after removal with oil. If more body to the ointment
is desired, the amount of zinc oxide may be increased.

PREPARATIONS

Pine Tar, Pix Pini, U.S.P. Pix Liquida, B.P.

Rectified Tar Oil, Oleum Picis Rectificatum, UR.P., B.P. _

Pine Tar Ointment, Unguentum Picis Pini, U.S.P. Pine tar (50% ),
yellow wax (15%¢) and yellow ointment (355 )

ASTRINGENTS

Astringents are substances which, acting locally, produce visible
contraction of tissue, blanching and wrinkling of mucous membranes,
and diminished exudation. On local application to the skin or mucous
membrane they produce a slight precipitation of the proteins on the
surface layers of the tissues; this lends to a slight shrinkage of these
layers, with a loss of some of their sensitivity, especially if an influm-
matory condition exists. In the mouth and throat astringents produce
a puckering sensation.

When applied to inflamed mucous membranes or to wounds they
produce on the surface a thin protective film, diminish formation of
transudation of secretions, check migration of leucocytes and the
formation of pus, and contract superficial tissues. The precipitation
of the superficial protein layers resulting in hardening of the
epidermis reduces the absorption of toxins and protects the inflamed
mucosa against irritants. Some clnim that astringent drugs have a
vasoconstrictor action, thus diminishing the size of the vessels, and
consequently decreasing the amount of exudation from them. Astrin-
gent action may lessen secretion on mucous membranes by direct
action on the secretory cells or possibly a better explanation is
that the lessened secretion is due to the indirect results of the protec-
tion afforded the surface cells.

Astringents are used for the following purposes:

1. To protect inflamed mucous surfaces.

2. To reduce hypersecretion.

3. To relieve diarrhea and dysentery.

4. To reduce swelling. inflammation, and secrotion in urethritia.
5. To prevent bleeding from small wounds.

The most commonly used astringents are Vegetable Astringenta
(tannic acid, acetyltannic acid, albumin tannate, krameria, kino) and
Metallic Astringents (alum, copper sulfate, zine sulfate, lead acetate,
Monsel’s solution).
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TANNIC ACID AND DERIVATIVES

Tannio acid, tannin, HC, H,0,. is usually obtained from young twigs
of certain oak trees, and is the result of the puncture and deposited
ova of a small insect. It is odorless, bitter in taste, and very soluble
in water, alcohol, or glycerin. It is incompatible with most metallic
salts, albumin, oxidizers, and alkaloids. The acid commonly re-
ferred to as tannic acid is gallotannic acid, the anhydride of gallic
acid. The chemical relationship between gallic acid and tannic acid is
expressed in the following formula:

COOH
"\
C,H.0, + HHO — 2 \ I
HO \ OH
OH
Gallotannic Acid Gallic Acid

Pharmacological Action.-—The most important pharmacological
uction of tanmnie acid, or the tannins, is its activity as a precipitant.
Due to its protein precipitant action it acts as an astringent, hemo-
statie, and antiseptic, the latter mainly by depriving bacteria of food.

Besides being a protein precipitant, tannic acid also forms insoluble
complexes with many heavy metals, alkaloids, and glycosides. This
action makes tannie acid an excellent chemical antidote in poisoning.

Tannic acid has little action on intact skin, but on abraded tissue
it precipitates protein and acts as a protective due to a film of
precipitated proteins.

Many plant preparations of crude drugs contain tannic acid and its
precipitant action with proteins, alkaloids, and glycosides must be
remembered in compounding preseriptions,

Action on the Gastrointestinal Tract.—When taken orally, some
of the tannic acid unites with proteins before it reaches the stomach.
Some digestion takes place, forming tannic acid again. The astrin-
gent action continues for some time in the intestine by combining
with proteins and suppressing mucous secretion. The administration
of tannic acid probably has little effect on the peristalsis of the nor-
mal intestinal tract, hut it does tend to arrest diarrhea by temporar-
ily allaying intestinal inflammation through its astringent action.
Tannin may also affect the intestinal flora by precipitating the yeasts
and microorganisms. This action would tend to lessen putrefaction
nnd decrease peristalsis, and possibly prevent absorption of toxic
products.

Toxicology.—Small doses of tannic acid produce a bitter taste, dryness
of the mouth, and partial loss of taste. Nausea, vomiting, and hard
stools result. Larger doses produce corrosion, pain, vomiting, and diar-
rhea or constipation.

Therapeutic Uses.—Internally, tannic acid has been used in the
treatment of diarrhea; but tannic acid itself produces excessive gastric
irritation. This has ?rompted the introduction of relatively insoluble
tannin compounds which would have little action on the stomach due
to insolubility in acid solution, but with greater action in the intestine
due to solubility in alkaline solution. This object has not been entirely
attained due to the varying pH of the intestinal contents.

Diarrhea.—Internally, tannic acid is seldom prescribed as such; its
leas soluble derivatives, acetyltannic acid, albumin tannate, and protan,
are preferred. As has been expliined, acetyltannic acid and albumin
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glycerin, and nearly insoluble in aleohol. It is incompatible with
alkalies, carbonates, salts of.lead, mercury, iron, and tannic acid.

Action and Uses.—Alum possesses astringent, styptic, and emetic
action. It is rarely used internully. The Powdered Alum or the
Exsiccated Alum may be prescribed alone or with other agents as
astringent powders, lotions, or douches.

Solutions of alum are used locally in the treatment of hyperhidrosis,
to harden skin, and as a vaginal douche in vaginitis. Locally, Exsic-
cated Alum is used to arrest bleeding.

Solution of Aluminum Subacetate is used as a mild irritant,
astringent, and antiseptic in dermatology. This solution, diluted with
5 to 10 parts of water, is useful in the treatment of cczema in the
early stage. Alum and sodium bicarbonate are used in baking powder.

PREPARATIONS

Alum, Alumen, US.P.,, BP. Dosage: As a gargle, in from 1 to 5 per
cent solution (somewhat injurious to the teeth); as an injection
in gonorrhea, in from 0.5 to 1 per cent solution; as a lotion in
skin diseuses, in 1 per cent solution.

Exsiccated Alum, Alumen Ezsiccatum, U.S.P.  Anhydrous AINH,(SO,).
or anhydrous AIK(80,),.

Aluminum Acetate Solution, Liquor Adlumini Adcetatis, N.F. Yields
about 1.3% ALO, and about 55, CH,COOH.

Copper Sulfate.—Copper sulfate in dilute solutions is astringent,
while concentrated solutions ure caustic. Like other metallic salts, it
precipitates proteins, forming albuminates and liberating free acid.

Solutions of 0.1 to 3 per cent may be employed as astringents in
conjunctivitis, urethritis, and vaginitis. Its use as a mouthwash or as
an orul antiseptic has the disadvantage of producing greenish stains
on the teeth. It is used in 1.5 to 2 per cent solutions in the treatment
of ulcerative stomatitis.

Zinc Sulfate.—Zinc sulfate possesses an astringent action similar
to that of copper sulfate, though milder and less irritant. Solutions
of 1 to 5 per cent are used as uastringent washes in catarrhal and
ulcerative stomatitis and pharyngitis. Solutions of 0.25 to 0.5 per cent
are indicated for eyewashes in conjunctivitis. Irving recommends zinc
sulfate (0.6 Gm. to 30 cc. water) in the treatment of poison ivy.

The use of an astringent, such as zine sulfate, is indicated to over-
come the catarrhal coundition of the mucous membrane in the terminal
stages of gonorrhea. Zinc sulfate may be used alone or with phenol,
resorcin, or lead acetate. The following is an acceptable prescription.

Zince Sulfate o ________ 0.75 Gm., (gr.xij)
laead Acetate ... 1.30 Gm. (gr.xx)
Water. e q.8. ad 120.00 ce. (13iv)

M. 8ig.: Apply as directed twice daily.

Lead Acetate.—Lead acetato and lead subacetate (‘‘lead water’’)
solutions are more astringent and less irritating than other metallic
calts (McGuigan). A saturated alcoholic solution is used as a lotion
in Rhus (ivy) poisoning, but its application should not be continued too
long. Lead acetate has been employed in the trentment of diarrhea,
dysentery, gonorrhea, vaginitis, and various skin diseases; lead solutions,
however, are so liable to produce chromic poisoning that they should
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never be used internally or on open surfaces; and even on skin diseases
their use should be with extreme caution. .

Solution of Lead Subacetate, diluted from 15 to 30 times before
application, is employed as an astringent and antipruritic in inflamma-
tory conditions of the skin and as an application to bruises. Caution
should attend its use on denuded surfaces.

PREPARATIONS

Cupric Sulfate, Cupri Sulfas, U.S.P., B.P. Dosage: 0.3 Gm. (5 grains).

Zine Sulfate, Zinci Sulfas, U.S.P., BP. Dosage: Locally, 0.1 to 1 per
cent in collyria; 0.5 to 4 per cent in injections (gonorrhea).

Lead Acetate, Plumbi Acetas, US.P., B.P. Lead acetate (sugar of
lead) contains from 85.31 to 89.57 per cent of Pb((;H,0,),.
Solutions of lead salts are incompatible with earbonates, hydrox-
ides, iodides, chlorides, and sulfates. ) ) .

Lead Subacetate Solution, Liquor Plumbi Subacetatis, N.F. Contains
lead subacetate corresponding to about 22¢7 lead.  Liquor
Plumbi Subacetatis Dilutis, B.P.

STYPTICS

Styptics are remedies used to check hemorrhage when applied
locally. The most common are sodium alum, silver nitrate stick, solu-
tions of ferric chloride, ferric subsulfate (Monsel's solution), epr-
nephrine solution, thromboplastin (5%), and tannic acid. Antipyrine,
local anesthetics, cotarnine salts, Dukin’s solution, and peptone inerease
bleeding.

CAUSTICS OR CORROSIVES

Caustics or corrosives are agents which destroy normal and necrotic
tissue through their chemical and physio-chemical action. The ancient,
and even the modern, practitioner used the red hot iron for actual
cautery. The electric cautery is used for removing small growths, for
treatment of indolent ulcers, and for treatment of smnke and dog
bites.

Caustic drugs are closely related to irritants, antiseptics, and astrin-
gents. In fact the chief differences that lie between these classes of
drugs are due largely to the concentration of drug employed. Many
drugs which are caustic in full strength are antiseptic, irritant, and
astringent at lesser concentrations. Caustics destroy living and dead
tissue, some acting superficially and others penetrating more deeply.
Since they destroy organic matter they are also disinfectants,

In the treatment of certain skin diseases, such as lupus vulgaris,
warts, etc., actual destruction of the lesions by meuns of caustics i
employed.

Mode of Action of Caustics.—Caustic drugs act in the following
ways:

1. BY PRECIPITATING PROTEINS.—Many of the acids and salts of
metals are protein precipitants and active caustics. The caustic
metallie salts, such as zinc chloride, not only precipitate protein, but
also liberate free acids which are irritant and caustic,

2. BY OxIpaTION AND RepucTioN.—Strong oxidizing agents, such as
chromie trioxide (chromic acid), arsenic trioxide, and potassium perman-
ganate crﬂuub, liberate oxygen, which chemically unites with hydrogen
::ﬂt:e cell molecules of the tissues and thus disintegrates and destroys
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3. By HYDRATION.—The concentrated mineral acids and caustic
alkalies have an ability to destroy cells by estracting water from them.
Concentrated sulfuric acid has'a powerful ability to split off H + O with
carbon, leading to carbonization and subsequent death of the tissue cells.
Bexides carbonizing cells the mineral acids precipitate protein.

The caustic alkalies may saponify fats (form soaps), producing
escharotic effects.

4. By DissorLurioN or ProTEINS.—Sodium, potassium, and calcium
hydroxides are powerful caustic alkalies. Potassium and sodium ear-
bonates are very mild caustic alkalies.

Use of Caustics.—Caustics, corrosives, and escharotics are used for
the following purposes: (1) to remove warts, hypertrophies, and
other growths; (2) to sterilize bites from dogs, snakes, ete.; (3)
to stimulate growth and repair of indolent granulation; (4) to destroy
such infections as chancreg, carbuncles, etc.; (5) to stimulate healing
and repair of fistulas, abscessed tracts, etc.

Toxicology of Caustics and Corrosives.—Poisoning by caustics taken
orally is characterized by burning, pain, dysphagia, and loss of tissue.
The taste is characteristic of the type of caustic, i.e., acid, alkaline,
metallic, etec.

Further symptoms are those of severe gastroenteritis. Bloody
vomitus and diarrhea are characteristic findings. Collapse, shock, and
rise in temperature may follow from destruction of tissue and ab-
sorption of chemical products from injured areas. Perforation may
follow extreme caustic action; then the clinical picture resembles
that of peritonitis. Death may result from shock, or it may follow
in a few days from gradual collapse. Scar tissue followed by gradual
stenosis may lead to extremely dangerous after effects. For example.
the esophagus may be constricted by scar tissue formation, resulting
in starvation unless repeated dilatation is performed to allow for passage
of food. Post-mortem findings are those of characteristic stains and
corrorions of the alimentary tract.

Treatment,—Use vinewar or diluted acetic acid to neutralize alkali
poisons, followed later by demuleents such as olive oil to proteet irri-
tated mucous membranes. If the poison is a caustic acid, administer
magnesin magma, 100 to 500 cc., or if not available, sodium bicarbonate
solution or even water to dilute the poison. White of egg or olive oil as
a demuleent is indieated. The pain may require the use of morphine.
Stimulants may he necessary; if so, administer caffeine hypodermically.
If the caustic produces a severe action on the skin the treatment is like
that for burns, mainly neutralizing and removing the corrosive agent.
Salves and oils are useful.

The commonly employed causties are: chromie trioxide, arsenic tri-
uxide, silver nitrate, nitric acid, ncetie acid, trichloroacetic acid, salicylic
acid, cupric sulfnte, zine chloride, iodine, and various alkalies.

Chromic Trioxide

Chromic trioxide (Cr0Q,) is a dark purplish-red, crystalline or
needlelike substance. It is deliquescent in air and soluble in water
(1:0.6).

Action and Uses.—Chromium trioxide is an active and powerful
caustic. It is an oxidizing cauterant diffcult to control, hence its useful-
ness is limited. The pure crystals or solutions of from 25 to 50 per
cent strength may be used for destruction of wloers, corns, warts, and
other growths, Chromic *‘ncid’’ is applied to warts in 20 per cent
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ion. 0 10 per cent solution it is recommended for local ap-
ﬁilg::?;a tIon t5het gingli)vae in Vincent’s infection and for ulcerative
stomatitis,
In nasal hemorrhage from ulcer of the septum, Holt regommenda ap-
plication of chromium trioxide to the uleer. Dilute solutions are used
to check local sweating.

Arsenic Trioxide

Arsenic trioxide (As,0,) is a tasteless, white powder, goluble in
water (1:30 to 1:100) and slightly soluble in aleohol. It is readily
dissolved in acid or alkaline solutions. Solutions of arsenic are in-
compatible with salts of iron and of magnesium, limewater, and
tannic acid. .

Action and Uses.—Locally, arsenic trioxide is a protoplasm poison,
producing inflammation and death of tissues: When applied to denuded
or ulcerated tissue it has a mildly caustic and painful action. It has
been used as a caustie, especially for malignant growths, but tl‘ne painful
character of its applications, and danger of absorption have limited its
use. Because of its stimulating and beneficial action on skin, character-
ized by innervation and nutritional disturbances, arsenie is used with
considerable benefit in such diseases as psoriasis, lichen planus,
pemphigus, and lupus erythematosus.

In lupus erythematosus equal parts of arsenic trioxide and acacia
are made into a paste with a saturated solution of cocaine hydrochloride
and spread over the diseased area. Treat only one square inch at a
time, leaving on for 24 hours.

Silver Nitrate

Silver nitrate, AgNO,, is a colorless, grayish black crystalline sub-
stance, soluble in water (1:0.4) and in alcohol (1:30). It is incom-
patible with the halides, carbonates, and hydroxides.

Action and Uses.—Silver nitrate acts as an astringent, irritant, or
caustic, according to the strength and duration of its application.
The skin turns white, gray, and finally black by reduction to metallic
silver and oxide. The caustic and astringent action may he stopped
by sodium chloride.

Silver nitrate is applied as a mild caustic to wounds, ulcers, and
exuberant granulations. As a caustic, it is used in the form of tough-
ened silver nitrate (silver nitrate plus 5% silver chloride). This
is moistened and applied on affected areas.

Nitric Acid

Nitric acid is a colorless, fuming, caustic liquid, miscible with
water, and containing 68 per cent, by weight, of hydrogen nitrate
(HNOQ,). It is almost universally incompatible.

Action and Uses.—Nitric acid is a powerful caustic, being used for
removing warts and small nevi, for cauterising chancroids and other
sores, and for cauterizing dog bites (rabies). In rabies cauterize
wound at once with fuming nitric acid. When being used for caustic
purposes, the surrounding lealthy tissue should be protected by s
coating of petrolatum and the acid applied with a glass rod or wooden
applicator.

In treating warts nitric acid is apglied full strength with a glass rod
and neutralized with salt solution when it has corroded deeply enough.
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In cauterizing chancroid ulcers, the ulcer is well cleaned, then wet
with a 10 per cent solution of cocaine hydrochloride. After drying,
the area is carefully covered with a thin layer of concentrated nitric
acid.

In ““canker sores’’ the application of the silver nitrate stick is ef-
fective,

Acetic Acid

DiLuTE ACETIiC AcID is officially prepared by adding 15.8 cc. of acetic
acid to enough distilled water to make 100 cc. Good vinegar corresponds
approximately to dilute acetic acid. [t is used as a local astringent,
and internally or by inhalation as a stimulant.

GracIAL ACETIC AcCID is employed as an escharotic. The crystalline
form is mainly employed with sulfate of potassium in the preparation
of smelling-salts.

TRICHLOROACETIC ACID is prepared by treating acetic acid with
chlorine. It occurs in the form of deliquescent crystals and is used as
an escharotic for the removal of warts, corns, small tumors, and hyper-
trophies. It may be applied to warts with a glass rod. In 5 to 10 per
cent solutions it may be applied to chronic ulcers and mucous patches.
Trichloroacetic acid may be used on the lesions of lupus erythematosus
by painting on with a cotton applicator once a week, the parts having
first been cleansed with benzene to fucilitate penetration. Scars includ-
ing those caused by smallpox are reported to be sometimes successfully
removed by trichloroacetic acid.

Salicylic Acid

Salicylic acid, H.C,H,0,, is a colorless crystalline powder, slightly
soluble in water (1:460) and freely soluble in alcohol (1:2.7). It is
incompatible with iron salts and with spirit of ethyl nitrite.

Action and Uses.—Salicylic ncid is antiseptic, stimulant, and some-
what corrosive. \When applied to skin salicylic acid, in a concentrated
solution, produces a slow painless destruction of epithelium. Strong
solutions also cause considerable irritation and superficial corrosion of
mucous membranes. Since it softens enamel on teeth, it should not be
used in mouthwashes.

Solutions of from 1 to 20 per cent in flexible collodion are used as
keratolytic agents in the trentment of corns. Salicylic acid in about 20
per cent concentration, combined with various other agents, such as
collodion, lanolin, etc., is used in the treatment of warts., Because of
the keratolytic action of salicylic acid, it is a constituent of many
formulas used in the treatment of skin diseases when mild caustic
or keratolytic action is desired.

Cupric Sulfate

Cuprie sulfate, CuS80.5H,0, occurs as large transparent, blue, odor-
less crystals, granules, or powder, having a nauseous, metallic taste.
It i?m soluble in water (1:3), but only slightly soluble in alcohol
(1:500).

Action and Uses.—Cupric sulfate is astringent in small doses and
caustic in large doses, depending on the concentration used.

It is employed as a mild caustic in trachoma. As a caustic, a crystal
or pencil (made by fusing one part of potassium alum and two parts of
cupric sulfate) is used. In treating trachomatous lids the affected ‘}nm
of the eve lids are touched lightly with the copper stick and the
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eye is then washed with warm water. Cupric sulfate is also used in the
reatment of chancroid ulcers. The ulcer is first unesthetized with 1u
per cent cocaine solution, then a 25 per cent copper sulfate solution is
applied. This is left on for three to four minutes, followed by a
dusting powder (thymol iodide) or by & gauze sprend with petrolatum.
In ringworm (epidermophytosis) 0.4 per cent copper sulfate may be
applied to the vesicles after they are opened aseptically.

Zinc Chloride

Zinc chloride, ZnCl,, is a white granular powder; it may be u mass
or be made into pencils. It is very soluble in water or alcohol.

Action and Uses.—Zine chloride is used as an escharotic on gr{mulg-
tions, ulcers, ete. In the trentment of chancroid ulcers, the lesion is
cleaned with a 10 per cent solution of cocaine hydrochloride, then
touched with phenol. The phenol is cleuned off with water and zinc
chloride is applied for its caustic action. Its action should be stopped
soon after application by flushing with water.

Iodine

Iodine is a heavy, bluish-black, crystalline substance, with a sharp
odor and acrid taste. It is slightly soluble in water (1:3,000), but
soluble in alcohol (1:12.5) and in solutions of iodides.

dction and Uses.—Iodine irritates the skin, causing a sensation of
heat and itching. In concentrated solutions it possesses blistering
and caustic action. It penetrates into the deeper layers of the skin,
inducing congestion of the underlying layers.

Iodine is often applied as a caustic germicide to corneal ulcers. It
may be applied cautiously with a toothpick. In spider bite there is no
rational indieation for loval treatment of the site of the bite other than
the applieation of tincture of iodine. General discussion, Chapter
XXIILI.

Various Alkalies

Potassium and sodium hydroxide occur as hard, white, translucent,
fused masses, or pencils, with acrid, caustic taste. They are soluble
in water and in alcohol.

Aotion and Uses.—The hydrates of these substances owe their action
to the OH ion. Hydroxyl ions are also liberated, but more slowly
and in less degree from the carbonates, and still less from the bicar-
bonates. The hydroxides neutralize acids, dissolve proteins, saponify
fats, and dehydrate tissues. Thus they are active caustics, penetrating
deeply and causing widespread destruction of tissue; they are difficult
to control. The carbonates act similarly but more slowly and less
vigorously.

Potassium and sodium hydroxide are powerful caustics. Applied to
soft tissues, they produce pain and a slough. Dilute alkalies are used
also to soften epidermis and hair, and to emulsify and dissolve fats.
They are used in skin diseases to facilitate the penetration of antiseptic
remedies into the skin in the treatment of such disenses as scabies, favus,
and ringworm.

Tozioology—The usual symptoms when strong alkalies have been swal-
lowed are burning, difficulty in swallowing, sloughing tissues, vomiting
blood and tissues. Later symptoms may include enllapse, convulsions, un-
consciousness, or coma. Treafment consists of giving vinegar or diluted
acetic acid to neutralize the alkali. Later, administer demuleents such as
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olive oil to protect the irritated membranes. On account of the deep
actlilon‘,! stricture of the esophagus is a frequent sequel, and the mortality
is high.

Sodium or potassium hydroxide, in 5 per cent strength, is used in
dermatology to remove cuticle and keratolytic tissue.

PREPARATIONS

Chromium Trioxide, Chromii Triozidum, U.S.P., B.P,

Arsenic Trioxide, Arseni T'rioxidum, U.S.P., B.P. Dosage: 0.002 Gm.
(1o grain).

Nitrie Acid, Acidum Nitricum, N.F., B.P.

Trichloroncetic Acid, Acidum Trichloroaceticum, U.8.P.

Zine Chloride, Zinci Chloridum, N.F.

Potassium Hydroxide, Potassii Ilydroridum, U.8.P.,, BP. KOH (not
less than 8397 ).
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CHAPTER VI

DRUGS ACTING ON SKIN AND MUCOUS
MEMBRANES

II. CARMINATIVES, BITTERS, GASTRIC ANTACIDS,
DIGESTANTS, EMETICS, EXPECTORANTS,
ADSORBENTS, AND CATHARTICS

CARMINATIVES

Carminatives are drugs used to promote the expulsion of gas from
the stomach and intestines, and to diminish the ‘‘griping’’ pains
without in themselves acting as cathartics. The pharmacological
explanation of their mode of action is unsatisfactory. However,
practitioners of long experience have considerable faith in their vir-
tues. This group of drugs includes capsicum, cloves, ginger, and volatile
oils genenﬁ;?

Pharmacological Action.—The action of volatile oils upon the
isolated stomach or gut is to inhibit activity. Certain pharmacologists
believe that they act by relaxing the muscular coats of the stomach and
intestines, others are of the opinion that they increase intestinal peristal-
sis. The injection, however, of these oils into intestinal fistulas in unan-
esthetized dogs causes an increased peristaltic activity of the gut (Plant
and Miller, 1926). Muirhead and Gerald (1916) showed that diluted
solutions of volatile oils 1:50,000 caused increased intestinal tone, while
concentrations of 1:5,000 caused relaxation. They are usually used
in low concentration. Cocaine entirely stops their effectiveness,

Therapeutic Uses.—Turpentine enemas, prepared by adding 20 cc.
of turpentine oil to a pint of soapy water, are useful in treating
dangerous postoperative tympanites. A few drops of oil of pepper-
mint (5 minims) dropped on a lump of sugar may be used for the
treatment of flatulence. The administration of a carminative may
prove 8 valuable supplementary treatment in galistone colie, dyspepsia,
:easickness, etc. The following carminative prescription is satisfac-
ory:

B
Capsicum Tineture —___.__.________ 2.00 cc. (£3ss)
Peppermint Spirit _.______________ 8.00 cc. (f3ij)
Ginger Fluidextract - .____________ 10.00 ce. (f3iiss)
Aleohol oo ___________ q. 8. ad  120.00 ce. (f3iv)
M. Big.: One teaspoonful well diluted every half hour
as required.
PREPARATIONS

Peppermint Oil, Olewm Menthae Piperitae, U.8P., B.P. Dosage:
P 10& lcc.o 1(6112’5' minims).

'ennel Oi Foeniculi, U.S.P. Dosage: 0.1 ce. (1 inims).
Anise Oil, Oleum Anisi, U.S.P., B.P. Dosuge: 0.1 ce. Exﬁ :::::3
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Ginger, Zingiber, U.8.P. Dosage: 0.6 Gm. (10 grains).

@Ginger Fluidextract, Fluidextractum Zingiberis, U.S.P. Ginger (100%).
Absolute alcohol content about 73 per cent. Dosage: 0.6 ce.
(10 minims).

BITTERS

Bitters (often called stomachics) are medicines supposed to in-
crease the appetite and improve digestion, and thus favor nutrition.
These remedies have always played a prominent role in ‘‘folk’’
medicine.  They contain bitter principles, glycosides, aromatics,
tunnin, ete,, on which they depend for their activity. Certain pure
alkaloids, such as quinine or strychnine, may be used as bitters.

Mode of Action.—Their method of action has not been demon-
strated. The aromatics and condiments may act by mild irritation,
with a consequent development of hyperemia and motor stimulation,
of the gastric mucosa. All these substances stimulate the taste buds
in the mouth and exvite the psychic flow of gastric juice.

Modern scientific investigntions have shown that bitters may im-
prove deficient appetitedand the flow and quality of the gastric juice
in conditions of poor health (Moorlead, 1915). They may also exert
beneficial antiseptic action.

The commonly used bitters are: Gentian, Tincture of Nux Vomiea,
and Compound Gentian Tincture.

Therapeutic Uses.—Bitters are used to increase appetite, to improve
digestion in all kinds of ‘‘atonic’’ dyspepsias, and to improve the
taste of foods and medicines.

They should be administered alout ten to fifteen minutes before
meals. They are best administered when blended, as in the aromatic
and compound bitters, such as Compound Cardamom Tincture and Com-
pound Gentian Tincture. They are, however, often employed in com-
bination with more active agents and compounded in pill or capsule
form. Since the clement of taste is an important factor in their use,
they should not be administered in the form of pills and tablets.

As a bitter tonic:

R
Nux Vomica Tineture _ ... _. 15.00 cc. (f3iv)
Compound Gentian Tincture.q.s. ad 120.00 ce. (£3iv)
M. Sig.: Teaspoonful in water before meals.

Rationale.—-Bitters are rarely prescribed in modern medicine. Bit-
ter tonics often regarded by the laity as cures for underweight usu-
ally possess an unpleasant tuste and often decrease rather than increase
the nppetite, Their psychic action may be beneficial, however, and
they should be prescribed if actually indicated.

PREPARATIONS

Compound Cardamom Tincture, Tinctura Cardamomi Composita, U.S.P.
Cardamom seed (29%), cinnamon, caraway, and cochineal in di-
luted alcohol and glycerin. Alcoholic content about 45%.
Dosage: 4 ce. (1 fluidrachm).

Gentian, Gentiana, U.8.P.,, B.P. Dosage: 1 Gm. (15 grains).

Compound Gentian Tincture, Tinctura Gentianae Composita, UB.P.,
Gentian (10%). Bitter orange peel and cardamom seed in
glycerin, alcohol, and distilled water. Alcohol content about
45%. Dosage: 4 ce. (1 fluidrachm).
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Nux Vomica Tincture, Tinctura Nucis Vomicae, N.-F. Nux Vomica
(10%) yielding about 0.115% strychnine. Alcohol content about
70%. Dosage: 1 ce. (15 minims). .

Iron Quinine and Strychnine Elixir, Klirir Ferri, Quininac et §lry('h-
ninae, N.F. Ferric citrochloride tincture (12.5%), quinine hy-
drochloride (0.8%), strychnine sulfate (0.0175%), 'compmmd
orange spirit, alcohol, glycerin, and water. Aleoholic content
about 24.5%. The elixir should not be dispensed if markedly
darkened in color. Dosage: 4 ce. (1 fluidrachm).

GASTRIC ANTACIDS

Antacids are employed primarily to reduce or neutralize the acidity
of gastric secretion, preferably by local action. They are ex‘nplo_\'ed
clinically chiefly in the treatment of hyperchlorhydria and peptic_uleer,
and by the laity in various advertised mixtures for self-medication of
any condition which seems to originate in the stomach. Indiseriminate
use of antacids by the laity should be discouraged.

The etiology of ulcer is obscure despite the numerous theories which
have been set forth. Therapy seeking to cownteract or remove the
theoretical cause of ulcer (infection, spusm, amino acid deficiency, ete.)
is ineffective. Sippy (1915) showed that regardless of the cause of
ulcer, constant neutralization of the gustric contents resulted in ulcer
healing.

Many other remedies, besides antacids, have heen used in peptie
ulcer, but they have no particular advantages or are still in the experi-
mental stage. These include gelatin, various vegetable gums, histidine
injections, sodium alkyl sulfate to inhibit pepsin activity; antihista
mines, such as benadryl or pyribenzamine; and hormonal extracts such
as enterogastrone. Amino acids have also been used for their antacid
value in protein deficieney.

Recent investigations by Dragstedt, and his associntes, have advaneed
evidence to support the view that peptic ulcer may be due to the ir-
ritant and digestive action of hydruchloric necid, and ulso pepsin, on a
susceptible area of the gastric mucosa. They reported striking im-
provement in patients with chronie uleers following vagus nerve section.

Classification.—Gastric antacids may be classified in various ways.
They may be classified on the basis of the manner in which they act—
by direct neutralization of the hydrochloric acid of the stomach, or by
adsorption of excess hydrogen ions leading to a higher pH and n re-
sultant decrease in peptic aectivity. Included in the first group are
sodium bicarbonate, magnesium oxide, tribasic caleium and magnesium
phosphates, and magnesia and calcium carbonates. Those acting by
their adsorbent action include aluminum hydroxide, sluminum silicate,
colloidal magnesium silicate, and aluminum phosphate gel. A division
into systemic and nonsystemic antacids is useful.

Systemic Antacids.—Systemic antacids are soluble and readily ab-
sorbed; they are capable of producing change in the pH of the blood
and symptoms of alkalosis. If sodium bicarbonate is taken orally the
hydrochloric acid of the gastric contents is neutralized, with the produe-
tion of sodium chloride and carbon dioxide. Even if n systemic antacid
is not in excess, indirectly it causes a rise in the bicarbonate eontent
of the blood. Although the sodium bicarbonate leaves the stomach as
sodium chloride, nevertheless, it is absorbed as bicarbonate, for it has
prevented the neutralization of the acid gastric juice by the alkaline in-
tutmzl juices, which normally would have been reabsorbed as neutral
ehloride.
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Nonsystemic Antacids.—The nonsystemic antacids neutralize the
gastric contents, but they are not absorbed and do not tend to cause
systemic alkalosis. Magnesium oxide, a typical nonsystemic antacid,
forms magnesium chloride in the stomach. 1n the intestine magnesium
chloride reacts with sodium bicarbonate to form magnesitvm carbonate
which is relatively insoluble. The sodium chloride formed is reabsorbed.
The magnesium salt and also the magnesium ion are slightly absorbed by
the intestine, therefore are excreted primarily by the bowel. Sufficient
magnesium salt is in solution to cause a mild catharsis.

The theoretical ideal antacid should possess the following properties:

1. It should be tasteless and not astringent to the mucosa of the
mouth.

2. It should be efficient—a small amount of agent should neutralize
a large amount of acid.

3. It should be neither constipating nor laxative.

4. 1t should be insvluble so as not to leave the stomach too quickly.

5. The antacid should be nearly neutral itself and should neutralize
acid without liberation of carbon dioxide.

6. It should have a prolonged action and not stimulate a secondary
acid rise,

7. It should be poorly absorbed, but, if absorbable, it should be non-
toxic.

8. It should be low in cost, ns medication usually must be continued
for a cunsiderable period of time.

COMMONLY USED ANTACIDS

The use of antacids in the treatment of gastric and duodenul ulcers
has declined to some extent in recent years. Nevertheless these prepara-
tions are useful in the treatment of the ambulatory patient, but as in the
ense of dietary therapy, it is far from certain that the effectiveness of
the alknlies is measured rolely by their antacid neutralization eapacity.
Nome of the commonly used antucids are given in Table VII. The doses
are average and cun be varied in inverse proportion to frequency of
administration. Sowme clinicians recommend much smaller doses than
stated below.

Sodium Bicarbonate

Sodium bicarbonate is widely used as a gastric antacid despite the
fact that it has many disadvantages. 1t represents a typical systemic
antacid. It is readily soluble and absorbable and acts rapidly to
relicve symptoms nssociated with the presence of excess hydrochloric
acid. The duration of its action is short and it leaves the stomach
and is renbsorbed in the intestinal tract. Ite sodium ion is absorbed,
and in the pregence of kidney diseaxe alkalosis may result. In
susceptible persons it may cause diarrhea. On interaction with
Ensuic hydrochloric acid carbon dioxide 1s released with annoying

elching and uncomfortable increase in intragastric temsion. Its
use in peptic ulcer is not recommended.

Sodium bicarbonate has been used in combination with calcium car-
bonate and magnesium oxide in proportions of 3 or 2 to 1, but this
procedure offers questionuble advantnges. Calcinm carbonate and
magnesium carbonate may be used in combination so that the conm-
stipating and laxative effects neutralize each other. If bismuth sub-
carbonate (or subgallate) be added for its demulcent action, a rather
effective combination is obtained.
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B
Calcium Carbonate . _______. 60.00 Gm. (3ij)
Magnesium Carhonate .______.._. 60.00 Gm. (5ij)
Bismuth Subcarbonate —________ 120.00 Gm. (3iv)

M. 8ig.: One teaspoonful two to four times
daily one hour p.c. as directed.

Magnesium Salts

The oxide (0.25 Gm.), carbonate (0.25 Gm.) and the hydroxide (4 to
10 cc. magnesia magma) are commonly used antacids. They all have
considerable combining power for acid, but are weak alkalies. They are
valuable in treating peptic ulcer and hyperacidity.

MAGNESIUM OXIDE is & mild saline laxative and when used for antacid
effects, the patient may complain of diarrhea.. It is the most powerful
antacid of the grour. It causes the highest secondary acid rise. As an

cer

antacid in peptic ulcer, hyperacidity, ete., the following prescription is
recommended :

)¢
Atropine Sulfate _________________ 0.01 Gm. (gr.lg)
Bismuth Subnitrate
Magnesium Oxide
Calcium Carbonate
Sodium Bicarbonate .. __._______ aa 30.00 Gm. (3j)
M. Make into 30 pupers.

Sig.: One powder in water two hours after meals.

MAGNESIUM CARBONATE is also laxative in action and causes a second-
ary acid rise. As in the case of sodium bicarbonate the evolution of
CO, is a decided disadvantage.

> Calcium Salts

CarciuM CARBONATE is a good antacid and were it not for its con-
stipating action and for its release of CO, in the stomach, it would ap-
proach the ideal in antacid therapy. Calcium carbonate (chalk) is usu-
ally administered in 1 gram doses of the precipitated calcium carbonate
or the prepared chalk. Excessive doses are harmless and furnish pro-
tective action to irritated mucosa. Calcium carbonate is insoluble in
water and mar be given in larger doses than sodium bicarbonate. It
does not readily cause alkalosis.

Limewater is used in the artificial feeding of infants. Externally,
lime liniment is an old remedy for burns. Calcium carbonate and pre-
pared chalk are sometimes used externally.

In treatment of hyperacidity:

B .
Magnesium Oxide .. ____________ 16.00 Gm. (3iv)
Precipitated Calcium Carbonate ... 16.00 Gm. (3iv)
Peppermint Oil - ______ 0.30 cc. (Mv)

M. 8ig.: Level teaspoonful in a glass of milk two
hours after meals.

Magnesium Trisilicate

To Dr. N, Mutch, Guy’s Hospital, and Lecturer and Examiner in
Pharmacology, London University, goes the credit for the discovery of
the unique therapeutic properties of magnesium trisilicate.
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Hydrated magnesium trisilicate has the qmpirical .formulu, 2MgO.-
38i0,nH,0. It is a tasteless white powderf insoluble in water. }!u:c.h
Btates that magmesium silicates were micntioned by Dioscorides in his
Materia Medica and that usually as soapstone these were prized by the
‘ geophagists either as table delicacies or as famine food.'’

Pharmacological Action.—Mutch (1937) states that in. hyperacid
conditions the use of medicinal trisilicate results in the' contml‘x.ouu con-
trol of gastric acidity, Two factors make this possible. First, the
slowness of action of the drug. At body temperature a substantial sec-
ondary neutralization continues for more than an hou.r after th? quick
initial neutralization has occurred. Second, the nontoxicity of this com-
pound permits administration of adequate doses to compensate for the
continuous loss through the pylorus. This compound acts as an ad.
sorbent as well as an antacid and, although it neutralizes free acid, an
excess of it will not render the stomach contents alkaline to such an
extent as to destroy peptic activity. Mutch estimates that the daily
dosage would be 2.5 grams or a 0.5 gram dose five times daily.

Of great interest to the clinician is the fact that magnesium tri-
silicate is an effective adsorbent. Tests show that it is effective in
adsorbing certain alkaloids, colloids, bacterial toxins, putrefactive
amines, and food poisons; for example, the adsorptive capacity of mag-
nesium trisilicate for bacterial toxins is such that one gram of the
silicate removes at least 140 M.L.D. (mouse units) of tetanus toxin.

Mutch (1936) after completing extensive investigations on the thera-
peutic use of magmesium trisilicate in chronie peptic uleer, concluded
that magnesium trisilicate ‘‘quite clearly supplicd an effective medic-
inal control for all types of ulcers. The specinl features of its employ-
ment are: (1) The combination of three therapeutic actions in a single
substance; namely, antacid, antiseptic, and antitoxic, each of which
fulfills a useful role in the stomach and duodenal bulb. (2) A sustained
action whereby hydrochlorje acid, destructive ferments, and toxins can
be removed continuously for several hours after the administration
of a single dose. (3) The possibility of a loeal therapy at the ulcer
base independently of the changes occurring in the gastric contents as
a whole. (4) Freedom from risk of inducing toxic alkalosis.’’

Mann (1937) states: ‘!Clinical experience to date has confirmed its
value and it bids fair to supplant all other alkalies in the treatment of
peptic ulcer.’’

Therapeutic Uses.—Magnesium trisilicate is recommended for the
relief of gastrie byperacidity and pain in gastric and duodenal ulcer.
It has also been recommended in illness due to various poisons, toxins,
and alkaloids, as well as in so-called ‘“intestinal allergy.’’

Dosage.—Administer 1 to 4 Gm. before meals, The single dose and
the frequency of repetition depend on the degree of acidity and the
relief afforded.

Tribasic Calcium Phosphate

Tribasic calcium phosphate, Ca,(PO,), has heen pro d as an ant-
acid, It has the advantage over magnesium hy roxll?g:e and sodium
bicarbonate, in that, being Jess soluble, it tends to neutralize the excess
of acid in the Stomach but produces less 8systemic alkalization, Some
of the ealeium is absorbed, hence this salt may be used for its thernpeu-
tic offect. The tribasic ealeium phosphate is somewhat constipating.
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Bismuth Compounds

The subgallate, and the subcarbonate, in dores of 0.15 to 2 grams,
and the magma of bismuth, 4 cc., are used to lessen hypersecretion,
as demulcents in peptic ulcer, and to check nausea and vomiting. The
action may be a protective and demulcent type and not an antacid type
of reaction. Some say its action is due to its astringent properties.
Combined with sodium bicarbonute it has gained favor among the laity
as bismuth and soda.

Bismuth compounds may be administered in large amounts, but
when applied to raw surfaces, bismuth poisoning may occur. The most
striking symptom is the black discoloration of the gums, similar to the
lead line of lead puisoning. Other symptoms, such as swelling of the
tongue, dysphagia, salivation, and gastrommtestinal upset, are common.

Aluminum Hydroxide Gel

This preparation is an aqueous suspension containing between 3 and
4.2 per cent of aluminum oxide, primarily in the form of aluminum
hydroxide.

Pharmacological Action.—Aluminum hydroxide gel is an effective
gastric antacid which neutralizes the hydrochloric acid of the stomach
by chemical neutralization. It is not absorbed from the gastrointestinal
tract to any appreciable extent and iz therefore noutoxic when admin-
istered orally. Its astringent action may produce a constipating effect.
It has the advantages that it does not increase the pH of the gastric
juice so ns to interfere with peptic digestion, does not stimulate com-
pensatory increase in free gastric acidity, and does not produce systemic
alkalization. 1Its mild astringent and demulcent properties may be of
some value in the local action on peptic ulcer. Some evidence is avail-
able that some of its effectiveness may be due to its tendency to in-
creave mucin secretion.

The amphoteric action of aluminum nydroxide is of no significance
clinically because it reacts as an acid only at a pH above 9, a reaction
not encountered in the gastrointestinal tract. It is thought that the
acid salt aluminum chloride formed in the stomach is reconverted to the
original compound or other aluminum compounds by reaction with the
ulknline contents of the intestines, and the chloride is reabsorbed.

Aluminum hydroxide gel may possess adsorptive properties but no
conclusive evidence is available to show that it adsorbs acids, toxins,
bacterin or gases. There is some cvidence available, however, to sug-
gest that the administration of aluminum compounds may interfere
with the absorption of certain minerals and can produce a phosphorus
deficiency in the presence of pancreatic deficiency. This objection does
not contraindicate its use in peptic ulcer and gastric hyperacidity, since
the diet in these conditions ix usually rich in phosphorus. Aluminum
phosphate has been suggested eepeciaﬁy in patients with diarrhea.

Therapeutic Uses.—Aluminum hydroxide gel is indicated for the
treatment of peptic ulcer to promote healing, relieve pain, and control
hemorrhage. It is also useful for the control of gastric Ayperacidity.
It may be of some value in the treatment of other gastrointestinal con-
ditions.

Administration.—Oral: Aluminum hydroxide gel is given orally iun
doses of from 4 to 8 cc. in one-half glazs of water or milk every two
to four hours, or one-half to one hour after meals. By Drip Apparatus:
It may be administered by the method of continuous drip by stomach
tube. Dilute 1 part to 3 parts of water and administer 1,500 ce. of
diluted suspension at the rate of 15 to 20 drops per minute.
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Tribasic Magnesium Phosphate

Tribasic magnesium phosphate, Mg,(PO,), is a useful gastric antacid.
It has the advantage over magnesium hydroxide and sodium bicarbonate
in that, being soluble, it neutralizes the excess of acid in the stomach,
but does not produce systemic alkalization, It possesses some laxative
action. Dosage: Administer 1 to 5 Gm. (15 to 75 grains) orally.

Gastric Mucin

Mucin is a preparation obtained by precipitating with 60 per cent
aleohol the supernatant liquid from pepsin-hydrochloric acid digestion
of hog stomach linings. Mucin cannot produce alkalosis, and apparently
has a minimum effect on gastrointestinal functions. Its demulcent
action and its adsorbent mode of action distinguish it from the antacids.
One gram of dried mucin combines with approximately 15 cc. of N/10
HCL  Clinical reports indicate that it is useful in ulcer therapy. The
average dose is 2.5 Gm. given at two-hour intervals.

CHOICE OF ANTACID

In view of the many contradictory statements in the literuture and
the variable responses exhibited by different patients, it is difficult to
name the best antacid. If complete neutralization is desired frequent
(i.e., hourly) alkali therapy with a strong neutralizer like magnesium
oxide is indicated. If antacids are to bo given only three to six times
a day, the slower but longer-acting aluminum hydroxide gel and mag-
nesium trisilicate may be used. In most ambulatory cases, the more
infrequent dosage is effective and can be given one hour after food in
place of the first interval feeding. The following plan might be used
for the average ambulatory patient.

Schedule:
8:00 A.M. Breakfast (milk, cream, eggs, cooked cereal)
9:00 A.M. Aluminum Hydroxide 8 cc.
10:30 A.M. Milk 120 ce.

12-1:00 p.M. Noon Meal (mashed potatoes, purded ve,
tables, custards, rice pudding, well-
cooked and ground meat)

2:00 p.M. Aluminum Hydroxide 8 ce.
3:30 p.M. Milk and cream

5:30-6:30 p.M. Evening Meal (Bland foods)

7:30 P.M. Aluminum Hydroxide 8 ce.

9:00 p.M. Milk and cream
11:00 p.M. Milk and eream

Before retiring Aluminum Hydroxide 8 ce.
At night Every patient should have an antacid prepa-
ration to alleviate any nocturnal symp-

Bome clinicians believe that alkalies should be given only when di-
etetic regimen and ample rest are ineffective in relieving symptoms.
Then the alkalies should be given in small doses: for example, 0.65
Gm. magnesium trisilicate alone; or a combination of 0.32 Gm. eal-
cium ecarbonate, 0.32 Gm. calcium phosphate, 0.32 Gm. magnesium
trisilicate and 0.32 Gm. magnesium oxide, in half a glass of water,
sipped slowly, fifteen to twenty minutes after each feeding.
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PREPARATIONS

Sodium Biearbonate, Sodii Bicarbonas, U.S.P.,, B.P, (Baking Soda).
NaHCO, Dosage: 2 Gm. (30 grains).

Magnesium Oxide, Magnesis Oxidum, U.S.P. Dosage: antacid, 0.25
Gm. (4 grains) ; laxative, 4 Gm. (60 grains).

Magnesia Magma, Magma Magnesiae, U.S.P. (Milk of Magnesia). A
suspension of magnesium hydroxide (about 7.5%) in water, form-
ing a thick white liquid. Dosage: antacid 4 ce. (1 fluidrachm);
laxative, 15 cc. (4 fluidrachms). Mistura Magnesii Hydroxids,
B.P. 4-16 ml. (60-240 min.).

Precipitated Calcium Carbonate, Calcit Carbonas Praecipitatus, U.S.P.
Dost(z}ge: 1 Gm. (15 grains). Calcii Carbonas, B.P. Dosage:
1-4 Gm.

Magnesium Carbonate, Magnesii Carbonas, U.S.P. Hydrated magnesium
carbonate, equivalent to about 41 per cent MgO. Dosage:
antacid, 0.6 Gm. (10 grains) ; laxative, 8 Gm. (2 drachms).

Magnesium Trisilicate, Magnesii Trisilicas, U.S.P. Dosage: 1 Gm.
(15 grains).

Magnesium Trisilicate Tablets, Tabellae Magnesii Trisilicatis, U.8.P.
The usual sizes contain 0.3 Gm. and 0.5 Gm.

Tribasic Calcium Phosphate, Calcis Phosphas Tribasicus, N.F. Dosage:
1 Gm. (15 grains).

Bismuth Subcarbonate, Bismuthi Subcarbonas, U.RP. Dosage: 1 Gm.
(15 grains). Bismuthi Carbonas, B.P. 0.6-2 Gm. (10-30 grains).

Bismuth Subgallate, Bismuthi Subgallas, N.F. Dosage: 1 Gm. (15
grains).

Aluminum Hydroxide Gel, Gelatum Alumini Hydroxidi, U.S.P. Contains
about 497 Al,0,. Dosage: 8 cc. (2 fluidrachms).

Tribasic Magnesium Ihosphate, Magnesii Phosphas Tribasicus, N.F.
Dosage: 1 Gm. (13 grains).

Gastrie Mucin, N.N.R. Dosage : 2.5 Gm. (37.5 grains).

DIGESTANTS

Digestants, such as hydrochloric acid, pepsin, bile, and pancreatin,
arc used to promote the process of digestion in the gastrointestinal
tract. The digestion of food in the alimentary canal is accomplished
mainly by the action of digestive ferments or enzymes. They are of
great importance in the body, but have a limited uscfulness in therapy.

Hydrochloric Acid

Hypochlorhydria, a deficiency in the secretion of hydrochloric acid,
occurs in from 10 to 15 per cent of the general population. Achlorhy-
dria or absence of free hydrochloric acid in gastric juice is observed in
such conditions as gastric carcinoma, gastritia, pernicious anemia, and
numerous other counditions. Achlorhydria is also encountered in appar-
ently normal individuals.

ydrochloric acid (HCI) is an aqueous solution containing not less
than 35 per cent nor more than 37 per cent of hydrochlorie acid. It is
incompatible with alkaline carbonates, chlorates, silver saits, lead salts,
eto.

Pharmacological Action.—Hydrochloric acid converts pepsinogen to
active pepsin and supplies the proper acid medium essential for this
enzyme activity. Acid apparently plays an important role in the
control of the normal emptying time of the stomach. Hydrochloric acid
increases the pyloric peristalsis; it closes the cardiac and opens the
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pyloric sphineter until the intestinal juices .neu_tralige the acid
(Cannon, 1911). Hydrochloric acid favors protein digestion, and also
serves as an activator of pancreatic secretions and bile. Due to its
antiseptic action, hydrochloric acid checks fermentation and putrefgc-
tion in the stomach and intestine, thus preventing organisms which
enter through the mouth from contaminating the alimentary tract,
especially the gall bladder, the appendix, and the colon. )

Therapeutic Uses.—Hydrochloric acid is indicated in the treatment
of gastric achlorhydria. In the past, 2 to 4 ce. of .}nlute hydrpch]orw
acid has been commonly preseribed before meals. This amount is prob-
ably insufficient and at least 15 to 20 cc. of dilute hydrochlorie acid
should be administered if any real substitution thernpy is to be attained.
The acid may be prescribed in solid form as glutamic acid hydrochloride.

When hydrochloric acid solutions are given, the teeth should be
protected by the use of a glass rod. The solutions should be very
dilute. If large amounts of hydrochloric acid are prescribed, the
administration of fruit juices or sodium citrate is advisable in order
to prevent acidosis.

Pepsin

Pepsin, a substance containing a proteolytic enzyme, is obtained
from the glandular layer of the fresh stomach of the hog. It is as-
sayed to be of such activity that it digests about 3,500 times its weight
of egg albumen. It occurs in pale transparent scales or as a powder:
it is soluble in water and insoluble in alechol. It is inactive in the
presence of 0.5 per cent hydrochloric acid, and is inert in the presence
of alkalies.

Action and Uses.—Pepsin is used only in acid medium, and is in-
dicated in the treatment of stomach diseases when the gastric juice is
deficient. The gastric juice usually, however, contains sufficient pepsin
for gastric (digestion. Since food leaves the stomach rapidly and enters
the alkaline intestine, pepsin will soon become inuetive. BRastedo ex
presses his opinion of pepsin as follows: **What a wonderful substanee
to have so little use in medicine.”’ Following a study of the use of di-
gestive enzymes in therapeutics the members of the Gastro-Enterologieal
Association concluded in a questionnaire that gastric enzymes are of
minor importance in therapeutics.

Bile, Bile Salts, and Bile Acids

Human and ox biles are composed chiefly of the bile salts (sodium
glycocholate, sodium taurocholate), bile pigments, cholesterol, and
lecithin. The bile salts probably account for the major pharmacological
properties of bile. Sodium glycocholate and sodium taurocholate are
found to the extent of about 3 per cent in fresh ox bile.

Action and Uses.—Bile is essential for normal digestion of fats and
the absorption of fatty acids. It aide digestion b emulsifying fats
and by activating pancreatic lipase. Bile is genera ly credited with a
slight antiseptic and laxative action. The bile salts are essential for the
optimal absorption of fat-soluble substances, such as carotene, vitamin
A, vitamin D, and vitamin K. They also stimulate the secretory ae-
tivity of the liver, increasing both the fluid and solids of the bile,

Orally, bile salts aid digestion and absorption, and after the bile
salts are absorbed they act as choleretics and facilitate biliary drainage.
Their rationale is doubtful in obatructive jaundice. The velue of bile
salts in conjunction with the oral administration of vitamin K is dis-
cussed under Vitamin K. Ivy and Berman (1939) recommend a copious
flow of bile of low viscosity in the treatment of disease of the biliary
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traot unassociated with acute hepatitis. Bile salts have also been recom-
mended for their choleretic action in the treatment of functional hepatic
insufficiency, hepatic joumdice, and in cirrhosis and chronic passive con-
gestion of the liver. Bile salts have also been used to outline bile ducts
at operation; in cholecystography, to accelerate the appearance of the
gall bladder shadow and hasten the removal of residual tetraiodophenol-
phthalein from the biliary apparatus. The dose is 0.5 to 2.0 grams.

Dehydrocholic Acid

Dehydrocholic acid is an oxidation product of cholic acid derived
from natural bile acids. The formula is

CH,
0=/\ N C OO0
CHJ ‘
O= ‘-—0

\VaR

Dehydrocholic acid is useful for its ability to increase the volume of the
bile (hydrocholeretic action); however, it has no cholagogue action.
Its effect on the secretion of bile constituents (choleretic action) is
uncertain.

Dehydrocholie acid may be of value due to its hydrocholeretic action,
to encourage drainage of the bile ducts and thus discourage infection
of these structures. This compound may also be employed to encourage
maintenance of T-tube surgical drainage of an infected common duct
and as an aid in the removal of small stones. It may also be of value
in outlining the bile ducts at operation and of hastening the appearance
of the gall bladder shadow and hastening the removal of residual dye
from the biliary tract in cholecystography.

There is some evidence that dehydrocholic acid is useful in the treat-
ment of arsenical and other forms of toxic hepatitis and of hepatic
dysfunction, and as a diuretic, alone or in combination with the mer-
curials, in the treatment of ascites due to hepatic congestion in heart
disease and liver damage. The drug is contraindicated in complete
mechanical biliary obstruction. Furthermore, its use in severe hepatitis
may also be questioned on the ground that the hydrocholeretic effect
may aggravate the condition. Dosage: Administer from 0.25 to 0.5
Gm. (3% to 714 graina) two to three times daily after meals for a
period of four to six weeks.

SoptuM DENYDROCHOLATE.—The action and uses of the sodium salt
of dehydrocholic acid are the same as those given for dehydrocholic
acid. It is also used for determination of the circulation time. It is
contraindicated for such use in the presence of bronchial asthma.
Dosage: Administer drug by vein, one injection being given on each
of three successive days. The usual initial dose consists of § to 10
cc. of the 20 per cent solution; the second and third, of 10 ce. Cirou-
lation Time: For determination of arm to tongue circulation time, in-
ject rapidly (2 to 3 seconds) 3 to 5 cc. through an 18 gauge needle
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into a cubital vein. Place subject in a supine position during injec-
tion. Take time from beginning of injection to the perception of a
bitter taste. The average normal range is from nine to sixteen seconds.

Pancreatin

Pancreatin is an enzyme preparation made from the pancreas of the
hog or ox and contains principally amylopsin, trypsin, and steapsin.
It is a cream-colored powder standardized to convert not less than 25
times its own weight of starch into soluble carhohydrates, and 25 _times
its weight of casein into proteoses. It is rendered inactive by acids.

Aotion and Uses.—It is used chiefly for the predigestion of protein
and starchy foods. It is rarely prescribed as such, but is often em-
ployed in the form of various proprietary prescriptions. When pre-
scribed it should be administered in enteric pills. It is occasionally
used to assist gastric digestion in achlorhydria, but the administra-
tion of dilute i‘;drochloric acid seems preferable. In proved pan-
creatic deficiency pancreatin is indicated.

Pancreatic steatorrhea, a chronic fatty diarrhea, may be caused by
deficient pancreatic secretion. Fat and protein are poorly tolerated and
should be reduced in the diet. Amino acids are indicated and also
large doses of fresh pancreatin (up to 24 Gm. daily). This dosage
may be reduced after improvement. Lipocaic and bile salts are of no
value.

Pancreatin is used chiefly for peptonizing milk for invalids. For this
purpose 0.4 gram of pancreatin and 2 grams of sodium bicarbonate
are mixed with 120 cc. of water, and 500 ce. of whole milk are added.
This is kept at a temperature of 104° to 110° F.; for use by mouth,
terminate action in twenty minutes by boiling.

PREPARATIONS

Diluted Hydrochloric Acid, Acidum Hydrochloricum Dilutum, U.S.P.,
B.P. HCl about 10 ¢%. Dosage: 4 cc. (1 fluidrachm).

Pepsin, Pepsinum, N.}'. Dosage: 0.5 Gin. (8 grains).

Ox Bile Extract, Extractum Fellis Bovis, U.S.P. Contaius an amount
of the sodium salts of ox bile acids equivalent to not less than
45 per cent of cholic acid. Dosage: 0.3 Gm. (5 grains).
Ezxtractum Fellis Bovini, B.P., 0.3-1 Gm. (5-15 grains).

Dehydrocholic Acid, N.N.R. An oxidation product of cholic acid de-
rived from natural bile acids. Dosage: from 0.25 to 0.5 Gm.
(3% to 73 grains) two to three times daily after meals for a
period of four to six weeks,

Sodium Dehydrocholate, N.N.R. The sodium salts of dehydrocholic acid.
Dosage: Administer intravenously one injection on each of three
successive days. First dose 5 to 10 cc. of 20 per cent solution;
the second and third, 10 ce.

Pancreatin, Pancreatinum, U.S.P. Dosage: 0.5 Gm. (7% grains).

LOCALLY ACTING EMETICS ‘

Emetics are drugs or medicines that cause vomiting. A century
ago local emetics were very extensively employed in medicine, but
their use has steadily declined. Emesis may be caused by locally
aeting drugs such as copper sulfate, mustard, ete. Apomorphine
is an excellent centrally acting emetic.
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Mode of Action.—Local emetic action is produced reflexly by ir-
ritation of the gastric mucosa. Not every form of gastric irritation re-
sults in vomiting; the kind, rather than intensity, of irritation is im-
portant. Ipecac produces vomiting by both central and local action.

Therapeutic Uses.—Lmetics are employed for evacuation of the
stomach in acute poisoning and in acute indigestion. They are indicated
when gastric lavage is not practical. They are contraindicated in
caustic poisoning and in conditions such as hernia, heart defects, preg-
nancy, and general debility.

The commonly used emetic drugs and their dosages are:

Mustard 4-8 Gm. (3i-ij) in water.

Ipecac 4 Gm. (3j) or 15 cc. (4£3) of the
syrup, in water.

Copper Sulfate 0.3 Gm. (gr.v) in water.

Zinc Sulfate 1 Gm. (gr.xv) in water.

Mustard is the safest but also the least effective locally acting emetie.
A teaspoonful of powdered mustard in a cup of warm water, repeated
every fifteen minutes, is the usual method of administration.

Ipecac is uncertain in action and is quite depressing. The emetic
action of ipecac iz due to the presence of two irritant alkaloids, emetine
and cephaeline. Ipecac and emetine produce prolonged nausea
and sweating. Due to its delayed action it is unsuitable for treatment
of poisoning; however, subemetic doses are used extensively as ez-
pectorants and sudorifics.

Both copper and zinc sulfate cause vomiting by provoking the vomit-
ing reflex. They ure absorbed rapidly and cause little depression.
Vomiting oceurs in a very few minutes. They are especially usefu!
to empty the stomach of noncorrosive poisons. The emetic dose of
copper sulfate is 0.25 Gm. in 1 per cent solution, that of zinc sulfate is
1 to 2 Gm. They may be repeated in 15 minutes if necessary.

Salt water (2 tablespoonfuls to 8 ounces of warm water), or even
warm water, may be useful in causing emesis when the patient is al-
ready disposed to vomiting. Mechanical tickling of the fauces, by in-
serting the finger or some instrument in the pharynx, may be effective.
Avoid emetics in cases of narcotic or convulsive poizonings. Use
stomach tube unless convulsions are present or imminent, or unless a
corrosive has been swallowed.

PREPARATIONS

Ipeene, Ipecacuanha, U.8.P., B.P. Rhizome and root, yielding not less
than 2 per cent of ether-soluble alkaloids. Dosage: emetie, 0.5
Gm. (7l grains).

Ipecac Fluidextract, Fluidextractum Ipecacuanhae, U.S.P. Ipecac
(100%), yielding about 2 per cent of ether-soluble alkaloids.
Absolute alcohol content about 30 per cent. Dosage: FEmetic,
0.5 ce. (8 minims).

Ipecac Syrup, Syrupus Ipecacuanhae, U.8.P. Fluidextract of ipecac

. (7%) in glycerin and syrup. Dosage: emetic, 8 cc. (2 flui:
‘-‘. drachms).

EXPECTORANTS

An expectorant is a drug which aids in the removal of exudate or
mucus from the trachea, bronchi, and lungs. Some extend the term
to include all remedies that quiet coughing. e

A complete classification of expectorants is hardly indicated at this
time. A large variety of them are not generally needed by the aver-
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age physician, Useful expectorants include the following: Ipecac
Fluidextract, Ipecac Syrup, the Iodides, Ammonium Chloride, Terpin
Hydrate, Codeine, and a few ofticial expectorant mixtures.

Ipecac Fluidextract, Ipecac Syrup, and the Iodides are the most
useful in conditions in which the bronchi are blocked l}y mucus
(e.g., asthma). Ipecac causes nausea and vomiting and induces a
peristaltic action in the trachea (Rutner, 1947), which releases the
obstructing plugs. For infants and small children, administer 14 to
1 teaspoonful (2 to 4 cc.) of Ipecac Syrup. Larger doses may be
necessary. In older children, and adults, repeated doses may be
given if needed. .

For children, Glyeyrrhiza Syrup is an excellent vehicle for Ipecac
Syrup. Raspberry Syrup, Tolu Balsam Syrup, and Cacao Syrup are
also useful.

Ammonium Chloride and the Iodides are useful against thick secre-
tions. The Iodides, being partially eliminated in the bronchi, ap-
parently liquefy the secretions as the result of a slight irritation-of
the mucous membranes.

The following prescription is from the Mayo Clinic:

B
Potassium Jodide —......___.. ... .. 15.00 cc. (3ss)
Lobelia Fluidextract - ___. ____.___. 1.20 ee. (mxx)
Hyoseyamus Fluidextraet ________. 1.20 ce. (mxx)
Glyeerin_ . 20,00 ee. (3v)
Simple Elixir . _____________ q.8. ad  240.00 cc. (3viijd

M. Sig.: One teaspoonful in water three times daily
after meals.

Ammonium Chloride is an efficient expectorant in combating cough,
The following prescription is useful:

B
Ammonium Chloride ____.___ . ____. 15.00 ce. (f3iv)
Citrie Acid Syrup - _______________. 30.00 ce. (f§j)
Water . s ad 120.00 ce. (f3iv)

M. 8Sig.: Give one teaspounful every two hours,

Certain antiseptic expectorants have been used, but it is highly im-
probable that they are eliminated in the bronchial secretions in suf-
ficient quantity to give antiseptic action. Such drugs include
creosote, guaiacol, terpin hydrate, and others.

The anodyne expectorants include morphine, dilaudid, and codeine.
Codeine is the most commonly used of this group. Its action will bo
discussed under Morphine.

PREPARATIONS

Ipecac Preparations—see under Emetics.

Ammonium Chloride, Ammonis Chloridum, U.B.P.—NH,Cl. Dosage:
0.3 Gm. (5 grains) in solution as expectorant; from 3 to 6 Gm.
daily as diuretic, being careful to avoid acidosis,

Potassium Iodide, Potassii Iodidum, U.KP.—KI. Desage: 0.3 Gm.

. (5 grains) ; antisyphilitic, 2 Gm. (30 grains).

Terpin Hydrate, Terpini Hlydras, N.F. Dosage: 0.25 Gm. (4 grains).

Compound Opium and Glycyrrhiza Mixture, Mistura Opii et Glycyr-
rhizae Composita, N.F. (Brown Mixture). Dosage: 4 ce. (1
fluidrachm).
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Componnd Squill Byrup, Syrupus Scillae Compositus, N.F. (Hive Syrup).
Dosage: 2 ce. (30 minims).

Expectorant Mixture, Mistura Pectoralis, N.F. (Stoke’s Expectorant).
Dosage: 4 ece, (1 fluidrachm).

ADSORBENTS

The therapeutic use of adsorbents in the alimentary canal in-
volves a complicated interaction of compounds, the results of which
often cannot he controlled, and the reactions taking place are little
understood.  An adsorbent is a substance which has the power of
condensing and holding a gas or other substance upon its surface.
The usual aim in administering adsorbents is the removal of bacteria
und bacterial toxins or toxic products of protein digestion.

Mode of Action.—The usefulness of adsorbents in the digestive
tract, with their varying reactions throughout their course, is limited
because ndsorbents may act as acids or alkalies, or as amphoteric
substances. Since the reaction of the digestive tract varies, one
cannot predict the results which may follow their use. It must be re-
membered that large doses of these highly adsorbent materials may also
remove such substances as vitamins, enzymes, and minerals. In addition,
adsorbents may produce a partial obstruction of the intestine; records
show that kaolin may cause intestinal perforations.

Although many substances exhibit adsorptive action, only charcoal,
kaolin, aml bentonite have heen utilized for this purpose to any extent
i medicine.,

Charcoal

Charcoal is a black, odorless, tasteless, and insoluble powder,
produced from the destructive distillation of various organic ma-
terinls. Later, it may be treated to increase its adsorptive power.

Aotion and Uses—Charconl is an excellent adsorbent, having the
power to adsorb various kinds of organic acids and drugs. This sub-
stance is credited with the ability of removing mercury salts and
strychnine from the walls of the stomach, of removing all the products
of intestinal putrefaction from urine shaken with it, and of preventing
the poisonous action of alkaloids on excised rabbit’s intestine. Char-
conls that are wetted by water easily are thought to be more efficient in
adsorbing gases than those resistant to wetting.

Charcoals are emploved in the treatment of certain forms of
dyspepsia, and in testing intestinal activity. Charcoal, up to 80
grams or more daily, may be added to kaolin or be given separately
Animal charcoal is preferred to vegetable charcoal, as its particles
are smaller and less irritating. The exact medical status of this com-
pound is still unknown. It is employed internally, alone or with other
drugs. It may well be administered in gelatin capsules in three- to five-
wrrain amounts per eapsale.

Kaolin

Kaolin (aluminum silicate, china clay, or bolus alba) is a clay that
has bheen used for centuries in China for summer diarrheas and
cholera. It 18 a very fine insoluble powder.

Aotion and Uses.—Kuolin adsorbs the toxins of some organisms and
thus lessens their absorption into the body. The powder also forms
a thin coating over the intestinal mucosa and thus protects it from
inflammation, and also lessens absorption from the gut. Kaolin is a
negatively charged colloid and therefore adsorbs positively charged
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substances. It possesses no direct disinfectant action on the gut. The
beneficial action of kaolin may depend on several factors. Some sug-
gest that the antidiarrheic action of kaolin is due to the removal of
colloids from the intestinal fluid, thus decreasing its osmotic pressure
and consequently allowing rapid absorption of this fluid by the bowel.

Rogers recommends the following treatment for cholera: The fre-
quent administration of potassium permanganate (0.1 Gm. doses) by
mouth to destroy the bacterial toxins; kaolin in lnrge_ amounts orally
to reduce the absorption of toxins; then intravenous injection of hyper-
tonic saline to combat dehydration and loss of chlorides. .

In food poisoning (Salmonella) after the stomach is emptied many
clinicians recommend kaolin (8 Gm.) stirred in a glass of water and
sipped as frequently as possible. This treatment is preferable to the
usual method of administering castor oil.

In addition to the use of charcoal and kaolin, there are other
adsorbents which are of definite value for use in the digestive tract.
Hess found Fuller’s earth especially valuable in treating intestinal dis-
orders in infants. Aluminum hydrozide is a particularly good adsorbent
and has the advantage of being an amphoteric substance.

Bentonite

Bentonite is a variety of clay, hydrous aluminum silicate, occur-
ring as a fine, colorless powder. It swells to about eight times its
volume when added to water. Bentonite, as well as the other ad-
sorbents, is of value in the treatment of mercuric chloride and al-
kaloid poisoning. Large quantities are indicated. Intestinal ob-
struction must be kept in mind.

The Clinical Use of Adsorbents.—Substances such as kaolin are
worthy of trial in patients suffering from food poisoning or from
dysentery. In these cases food is stopped and large doses of kaolin
(50 to 100 Gm.) are administered in water every three hours until the
number of movements begin to decrease. Kaolin in liberal amounts has
been recommended for the treatment of diarrhea. In the case of idio-
pathic ulcerative colitis the kaolin must travel the length of the small
intestine before reaching the seat of the trouble, and during this passage
its beneficial properties are no doubt lost. Inert substances are contrain-
dicated in the presence of diverticulitis because of the danger of perfora-
tion and obstruction. Finally, in the treatment of Jyspepsia and condi-
tions of autointoxication, the etiology of which we know little, the use of
adsorbents is not warranted. Further clinical and laboratory investiga-
tion is needed before we can administer adsorbents intelligently.

PREPARATIONS

Activated Charcoal, Carbo Activatus, U.8.P. Dosage: 1 Gm. (15
grains).

Kaolin, Kaolinum, N.F., B.P.

Bentonite, Bentonitum, U.S.P.

CATHARTICS OR PURGATIVES
GENERAL DISCUSSION OF CONSTIPATION

Constipation may be defined as a functional impairment in the in-
herent capaocity of the colon to produce normally-formed stools at regu-
lar intervals. This disorder affects about one-half of the patients
complaining of digestive disorders. Nearly every one suffers occa-
sionally from brief periods of constipation, while some persons are al-
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ways constipated. It is difficult, however, to exaggerate the prevalent
abuse of cathartics. The radio and press inform the layman of the
disasters of intestinal toxemia, yet there is no evidence to show that
harmful substances are absorbed from the colon in constipation.
Many of the discomforts caused by constipation may be due, not to
intestinal autointoxication, but to mechanical disturbance of the sympa-
thetic system. This view is thought to be substantiated in part by the
fact that relief from constipation follows immediately after the bowels
have moved and that the symptoms of toxemia rarely could disappear
in so short a time. Also chronic constipation may exist without symp-

::)ma and similar symptoms may be produced by distention of the lower
wel.

Etfology.—The causes of constipation are complex. The following
are the most common causes of the condition:

1. Diet irregularities, such as irregular meals, insufficient water
drinking, food restrictions, and special restriction in the intake of
fruits, vegetables, and coarse cereals, often cause constipation.

2. The habit of neglecting call to stool in early life is responsible
in many cases. In later life the constant use of cathartics and
enemas progressively weakens the normal bowel mechanism.

3. Psychic and nervous factors are important. Nervousness,
worry, hurry, and anxiety tend to cause constipation.

4. Body habitus influences bowel regularity. Constipation is far
more common in the tall thin person (asthenic), than in the short
stocky individual (sthenic).

5. Colon anomalies, especially the redundant colon, tend to impair
the formation of normal stools.

Types.—The following types of constipation are recognized:

1. Atonic Constipation.—This type is the most common in asthenic
and thin persons. It may result from long and continued use of enemas
and cathartics, or be due to a congenital muscular weakness.

2. Spastic Constipation.—This is the most common type. The distal
part of the colon is usually involved. The condition begins usually
by constant use of cathartics; gradually the effects of frequent purga-
tion and the effects of high roughage diet produce a condition of chronic
bowel irritation. This gradually causes loss of coordination and lack of
correlation between the normal functions of the colon. Various segments
of the colon respond differently; the proximal colon may be atonic and
dilated, while the distal colon may be spastic and hyperirritant. There
may be diarrhea or constipation, or the two conditions may alternate.

Spastic constipation is best treated by rest, bland diet, heat, and
antispasmodics. The omission of cathartics is essential, as the colon
is already overirritated.

3. Rectal Spasm.

4, Ineffective Colonic Reflexes due to lack of bulk and roughage.

5. Loss of Defecation Reflex through disregard of call to stool or
from constant use of cathartica.

THERAPEUTICS OF CONSTIPATION

1. General Hygiene.—Regular hours for meals, proper mastication
of food, and sufficient sleep are all means of treating the condition
of chronie constipation.

2, Psychotherapy.—The patient should be informed that there is no
danger from his trouble. The mental inhibition of bowel function
must be eliminated by proper guidance in thinking.
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3. Reestablishment of Bowel Habit.—The fecal matter is held in the
descending colon. By the taking of food (especially breakfast) the
peristaitic waves tend to urge the fecal column to the rectum. This
tends to produce a desire to defecate, which is aided by voluntary
as well as the involuntary muscles of defecation. By establishing a
regular habit of defecation, about 30 minutes after breakfust, one
produces astonishing results toward curing chronic constipation.

4. Exercise.—Outdoor exercise, such as walking, horseback ridix}g,
golf, etc., is an excellent prophylactic for constipation. An exercise
that makes use of the abdominal muscles is valuable. Massage is a great
help for those who do not desire to exercise.

5. Hydrotherapy.—Cold baths are of great value in atonic constipa-
tion. The cold tends to stimulate peristalsis and aids in producing
an evacuation. Hot baths, or heat applied to the abdomen, induce
relaxation which relieves the condition of spastic bowel.

6. Diet.—Fluids are valuable; one to two glasses of water before
breakfast are recommended. An increased fluid intake remedies ex-
cessive dehydration of fecal matter in the colon. The diet may be
further modified by the addition of roughage, such as bran, to increase
peristalsis. In spastic conditions, such as spastic constipation and
irritable colon, roughage is contraindicated.

MEDICAL THERAPY

In the use of cathartics the following rules must be kept in mind:

1. Cathartics tend to produce, rather than cure, constipation. The
complete removal of the bowel contents leaves no residue to excite
bowel movement.

2, Cathartics are contraindicated in spastic constipation, us they
cause a greater spasticity.

3. Cathartics are contraindicated in ncute abdominal pain, i.e.,
appendicitis, intestinal obstruction, and any acute abdominal condi-
tion.

4. There are indications for cathartics nnd when used the mildest
drug suitable for the individual case should be selected.

5. Any general routine use of cathartics, such as following colds,
etc., should be discouraged.

8. Certain cathartics are eliminated in the milk of nursing mothers
and their effects upon the baby should be considered.

7. Cathartics are indicated in gastrointestinal upsets in children,
for the removal of poisons from the intestines, in certain types of
diarrhea, in the treatment of edema, and in cases of temporary
constipation.

8. Before giving an active cathartic consider curefully the indica-
tions and contraindications. Decide whether the limited value of
emptying the intestinal tract will offset the dehydration, discomfort,
exhaustion, loss of nutrition, and loss of aleep which follow the ad-
ministration of cathartiea.

9. Do not wuse cathartics to relieve gastrointestinal symptoms of un-
known origin.

Cathartics are Jrugs employed in medicine to evacuate the bowel
of it contents. There is some evidence of a decrensing tendency
on the part of physicians to prescribe cathertics. The ideal cathartic
v{ould be one that would act on the intestine and give no significant
side reactions after absorption. More space has been allotted in this text
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to cathartics than their medignl usefulness warrants; however, a com-

plete evaluation of them mmny clear up many misconceptions previously
held.

The mechaniam most commonly utilized in the treatment of con-
stipation depends on the local actions of cathartic agents present within
the lumen of the gut. For all practical purposes cathartics may be
considered as acting by one of three fundamental mechanisms. (1) Ir-
ritant cathartios act by irritation of the intestinal tract and thus in-
crease its motor activity. This leads to rapid propulsion of the in-
testinal contents. (2) Bulk cathartics increase the bulk of the in-
testinal contents until they exert more pressure on the mucous surface.
They may increase the bulk by their ability to imbibe water and by
their ability to resist digestion, e.g., agar; or by their ability to draw
water to the intestine by the osmotic pressure which they exert, e.g.,
saline ecatharties. (3) Emollicnt cathartics lubricate the intestinal
tract and thus facilitate the passage of feces, eg., liquid petrolatum.
The line of demarcation between this classification is not always dis-
tinet; for example, the laxative effect of liquid petrolatum has been
attributed to lubrication and to softening of the fecal mass. It has also
been shown that it retains water in an emulsion and thus increases the
bulk of the stool. This may be an important faetor in the pro-
duction of its effects.

To simplify classificution the majority of the cathartics may be placed
in two large groups, the irritant cathartics and those which produce
eathartie action by increasing bulk or bulk cathartics. The following
clussification contains the more important catharties.

Bulk Cathartics
Naline Cathartics
Plant Colloids
Emollient Catharties
Irritant Catharties
Anthraquinone ( Emodiny Group
Resinous Group
Irritant Oils
Mercury Catharties
Miscellancous Catharties
Phenolphthalein

BULK CATHARTICS
Saline Cathartics

Certain salts of sodium, potassium, and magnesium, which are not
readily absorbed from the intestinal canal, act as cathartics by in-
creasing the bulk, chiefly by ‘‘salt action.’’ The contents of the
intestinea and the stools thus contain more fluid than usual. They
act by hastening the passage of the contents through the small in-
testine so that a large volume of fluid entors the colon and produces
purgation by distending it with fluid. They may also possess some
specific stimulating action on the intestinal mucosa, thus increasing
peristalsis.

The active constituent of the saline cathartics may be the anion wl_lich
is very slowly absorbed by the intestine, while the cation may be rapidly
absorbed. The eation of a salt, however, may also fail to be reaglily
absorbed, as illustrated by magnesium chloride, while other chlorides
may be rapidly absorbed. When hoth ions are slowly absorhed, as in
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the case of magnesium sulfate, the cathartic action is very efficient.
The chief saline cathartics used in medicine are:

Magnesium Sulfate. Sodium Phosphate.
Solution of Magnesium Sodium Biphosphate.
Citrate. Seidlitz Powders.

Magnesia Magma. Sodium Sulfate.

Pharmacological Action.—The sulfates pass through the tissues
causing no injury, and are excreted unchanged. They may be reduced,
under certain conditions of fermentation, to the sulfides. Phosphates are
inactive and are excreted as phosphates by the kidneys. ‘They in-
crease the acidity of the urine. .

The saline catharties in therapeutic doses do not induce irritation of
the intestines as do the vegetable cathartics. Their characteristic effect is
retarded absorption produced by the presence of a concentrated amount
of salt which tends to hold the water, permitting slow absorption by the
gut.

A solution of isotonic sodium chloride is rapidly absorbed by the
stomach and small intestine, but an isotonic solution of sodium sultate is
slowly absorbed, as it passes to the large bowel and on down toward the
rectum. The weight of this volume induces increased peristalsis and aids
evacuation.

With a hypotonic solution of sodium sulfate more fluid is absorbed
and less reaches the large intestine, but a greater volume reaches the
large intestine than with a smaller amount of sodium chloride. With
a hypertonic solution of sodium sulfate, tluid is drawn to the bowel from
the blood because of its higher osmotic pressure. The action results in
the blood’s giving up its fluid until the intestinal fluid is isotonic, then
some absorption is possible.

These salts depend on fluid from the blood and tissues. In edema
and dropsy the hypertonic saline cathartics drain the excess fluid from
the blood into the bowel. This drainage of fluid from the blood tends
to cause blood concentration and leads to a sensation of thirst and to
lessened excretion of fluid by the kidney. Some salt is absorbed from
the intestine, which also attructs water, and with dilute salts the blood
becomes less concentrated and diuresis follows. Stronger solutions at
first cause concentration of the bloud and afterwards the excess of the
salt in the blood causes diuresis.

Magnesium Sulfate is the most powerful and widely used saline
cathartic. It is efficient in action, rarely causes discomfort, and has
few side reactions. The principal disadvantage is an unpleasant taste,
A 13 gram dose given in fruit juice is very effective. It does not
irritate the intestine, is absorbed slowly, and the osmotic pressure of
the salt prevents the absorption of fluid after the salt has Leen con-
centrated to a solution isotonic with the body fluids.

As a purgative:

B
Magnesium Sulfate .. _________ 30.00 Gm. (3j)
Ginger Syrup oo ___. 15.00 cc. (f3ss)
Distilled Water ....___._ q.s. ad  60.00 cc. (f£8ij)
M. Sig.: Tablespoonful in glass of water every four hours
as required.

Magnesium Citrate Solution is a flavored, carbonated, saline cathartic
and is more expensive per dose than most of the other cathartics. It
is exceedingly nauseating to many people and not infrequently causes
violent purging.
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Magnesia Magma is very palatable and easy to administer to children.
Its alkalinity makes it desirable in hyperacidity. 'The addition of
fruit juice comverts it in part into magnesium citrate, which is
more active. Its continued use may cause a sensation of burning in
the rectal region.

Sodium Phosphate is used extensively in some proprietary medicines.
It is frequently prescribed in bulk, and the patient is instructed to
use the powder dissolved in water. The effervescent sodium phos-
phate is very palatable.

Sodium Biphosphate is an excellent laxative and is frequently used
to acidify urine. It is prescribed either alone, in powder or aqueous
solution, or with other drugs. This drug is commonly used in acidifying
urine preliminary to giving methenamine, the only drawback being the
laxative effect of the biphosphate.

Comp 1 Effert t Powders (Seidlitz Powders).—The cathartic
principle is the solution of potassium and sodium tartrate rendered
effervescent by the liberation of carbon dioxide. Tartrates are not
readily absorbed and hence are fairly good saline cathartics.

Sodium Sulfate is again coming into popularity. It is a valuable
drug to follow the administration of anthelmintics or when it is desired
to deplete the body fluid. One teaspoonful of this salt with an equal
amount of potassium bitartrate, taken with fruit juice, constitutes a
pleasant remedy.

As a laxative:

Sodium Sulfate . _______________. 30.00 Gm. (53j)

Potassium Bitartrate —_______.____._ 30.00 Gm. (33)

M. Sig.: Teaspoonful in glass of hot lemonade before break-
fast.

Toxicology.—Most of the saline cathartics have a bitter taste, and
may, in concentrated form, produce nausea. Dilute solutions cause no
untoward symptoms other than a slight pain and griping. Polyuria may
follow the administration of saline cathartics, and the urine may have
an unusually high percentage of salta,

Therapeutic Uses.—Saline cathartics may be employed to secure rapid
evacuation in many disorders, They are indicated in (1) acute con-
stipation, (2) intestinal putrefaction, (3) to relieve edema or dropsy
by removing excess fluids, (4) to reduce obesity, (5) to lessen milk
secretion, and (6) to reduce intracerebral pressure.

In acute constipation magnesium citrate, magnesium sulfate, magnesia
magma, and Seidlitz powders are very useful. The fluid stools, which
result from their use, make them especinlly useful for patients with
hemorrhoids, anal ulcers, and painful pelvic conditions.

In intestinal putrefaction the same salls are indicated but in larger
doses. Some recommend magnesia and magnesium cnrbonate for re-
moving intestinal putrefaction, for they, being quite insoluble, are less
liable to purge. The saline cathartics are contraindicated in mervous
persons, as they produce depression owing to loss of fluid. They should
not be used routinely in febrile illness and in debilitated or elderly per-
sons.

For the treatment of edema, magnesium sulfate is very effective. It
is used in a large dose dissolved in water (1:1). This method at
present is considered less effective than the use of purine derivatives.

The sulfates and tartrates are frequently used in a single large dose.
Sodium phosphate, given in jelly or milk, is a good remedy for the
treatment of children.
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PREPARATIONS

Magnesium Sulfate, Magnesié Sulfas, U.S.P., B.P. (Epsom salt).
MgS0,.7H,0. Small, colorless, odorless crystals, with a coohng:
ine, bitter taste. Freely soluble in water (1:1). Dosage:

15 Gm. (4 drachms) in solution. ]

Magnesium Citrate Solution, Liguor Magunesii Citratis, U.S.P. Mag-
nesium citrate corresponding to about 1.8 per cent of magnesium
oxide. Dosage: 200 cc. (7 fluidounces). i

Magnesia Magma, Magma Magnesiae, U.8.P. (Milk of Magnesia). A
suspension of magnesium hydroxide (about 7.5%) in water, form-
ing a thick. white liquid. Dosage: Antacid. 4 cc. (1 .f'luxdrachng).;
laxative, 15 cc. (4 fluidrachms). Mistura Magnesii Hydrozidi,
B.P., 4-16 ml. (60-240 min.).

Sodium Phosphate, Sodii Phosphas, U.S.P., Na,HPO,.7 1,0, repl"esont»
ing about 53.5 per cent of the anhydrous salt. Dosage: + Gm. (1
drachm). (B.P. preparation—Na,HPO,"12H,0. Dosage: 2 to
12 Gm.).

Sodium Biphosphate, Sodii Biphosphas, U.S.P., Noll,PO.IL,O. Dosagc:
0.6 Gm. (10 grains). .

Compound Effervescent Powders, Pulveres E[fervescentes ‘Compo:ello,
U.8.P., B.P. (Seidlitz Powder). The blue paper contains sodium
bicarbonate (2.5 Gm.) and potassium and sodium tartrate (7.5
Gm.). The white paper contains tartaric acid (2.2 Gm.).
Dosage: The contents of a white and of a blue paper are dis-
solved separately in about two fluidounces of water, and the solu-
tions mixed.

Sodium Sulfate, Sodis Sulfas, U.S.P., B.P. (Gluuber’s salt), Na;SO,
10 H,0. Colorless, odorless, efflorescent crystals, or a granular:
powder, having a bitter, saline taste. Freely soluble in water
(1:1.5). Dosage: 15 Gm. (4 drachms).

Plant Colloids

A number of vegetable gums and mucilages have been introduced
recently for their alleged value in chronic constipation. They in-
clude bassoran, karaya, and tragacanth gum preparations, e.g., meta-
mucil.

This group of eathartics may prove more satisfactory than liquid
petrolatum in the treatment of chronic constipation. It is impor-
tant, however, to administer plenty of water; otherwise there may be
a tendency to the formation of dry and hard feces.

Agar-agar is a dried mucilaginous substance (galactan) extracted
from several varieties of scaweed. It is not digested but absorbs
water, thus it adds to the bulk of the feces and serves to carry
water along to the lower bowel. The action requires from five to
seven days. It is often combined with cascara, emulsified with liquid
petrolatum, or combined with phenolphthalein.

It is one of the most valuable agents in the therapy of constipation
of the spastic type, as it provides bulk without the irritant qualities
of cellulose, vegetables, or bran.

Psyllium seeds are the seeds of the plant Plantago psyllium. They
have a mild laxative action similar to that of agar. The seeds are
soaked before using.

Bran.—Roughage is best supplied in the form of fruits, vegetables,
and bran. Bran has been used with indiscretion for several years and
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has produced harmful results, but when used to supplement a concen-
trated diet, it has its proper place in the dietary regime. It is contra-
indicated in spastic constipation and in cases of partial stenosis.

PREPARATIONS

Agar, Agar, U.S.P., B.P. Dosage: 4 Gm. (1 drachm).
Plantago Seed, Plantaginis Semen, N.F. (Psyllium Seed). Dosage:
7.5 Gm. (1%, drachms).

Emollient Cathartics

Emollient cathartics include olive oil and liquid petrolatum.

Olive Oil.—Olive oil is a fixed o0il obtained from the ripe fruit of Olea
curopaea. It is a valuable cathartic in cases of chronic constipation. It
is not completely absorbed and it softens and increases the bulk of the
stool, thereby increasing peristalsis. It is also employed in many official
preparutions, in the treatment of tuberculosis, gall bladder diseases, hy-
perchlorhydria, ete. In chronic gall bladder disease olive oil is given at
bed time; it tends to empty the gall bladder. In the treatment of
hyperchlorhydria or peptic ulcer, olive oil is given for its demulcent
action and to lessen the production of hydrochloric acid. It is palatable
and not particularly objectionable.

For laxative action it may be administered on retiring, or in divided
amounts two or three times during the day. Olive oil cannot be replaced
by cottonseed oil, as in the process of refining, certain fatty acids are
removed from cottonseed oil which renders it nonlaxative. Externally, it
is used in the treatment of indurative and pruritic skin diseases.

PREPARATION

Olive Oil, Oleum Olivae, U.KS.P., B.P. Dosage: 30 ce. (1 fluidounce).

Liquid Petrolatum.- —Liquid petrolatum (mineral oil) is a mixture of
liquid hydrocarbons from petrolatum. It has continued to hold a prom-
inent place in the treatment of chronice constipation hecause of its harm-
less properties: It is indigestible, practically nonabsorbable, and incap-
able of undergoing bacterinl decomposition. 1t is apparently emulsified
in the gut, and this tends to inerease the bulk, which in turn is followed
by stimulation of the intestinnl wall and an increase in peristalsis.
When the oil becomes emulsified, it pencetrates the intestinal contents,
mechanically softening the feces. Recent evidence indicates that mineral
0il does not necessarily coat the intestines, interfering with absorption
and secretion, to any great extent.

Liquid petrolatum has been accused of causing deficiencies of the
fat-soluble vitamins. 1t will dissolve carotene (provitamin A) from
food and excrete it in the feces. However, natural vitamin A is al-
most quantitatively absorbed from the gut in the presence of mineral
oil, hence the addition of adequate amounts of vitamin A to mineral
oil should be of value in such conditions as chronic constipation, if
mineral oil is taken over long periods of time.

The average dose in 1 drachm to 1 ounce (4 to 30 ce.), and it is best
given at bedtime or hefore breakfast. Tt ean be easily flavored. Any
one of the following flavoring oils is satisfactory: clove oil, 10 drops
to 500 cc. of mineral oil; almond oil, 15 drops to 500 ec. of mineral oil,
or 15 drops of either peppermint or spearmint oil to 500 cc. of mineral
oil. This drug is purticularly valuable in such conditions as hemor-
rhoids and fissures, and those conditions in which the intestinal lumen
is reduced in ealiber.
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PREPARATIONS

Liquid Petrolatum, Petrolatum Liguidum, U.S.P. Dosage: 15 ce. (4
fluidrachms). Paraffinum Liguidum, B.P. o

Liquid Petrolatum FEmulsion, Emulsum Petrolati Laqmdu, U.S.P.
Liquid petrolatum (509%), acacia, syrup, vanillin, alcohol, and
distilled water. Dosage: 30 cc. (1 fluidounce).

IRRITANT CATHARTICS

Anthraquinone or Emodin Group

A number of drugs—rhubarb, senna, cascara, aloe, and their
reluted compounds—ure in themselves inactive, but when hydrolyzed
or oxidized in the intestine they form various anthracene (C,H,,) com-
pounds. 'T'he stow liberation of these irritunt substances produt_:es
catharsis. They act chiefly on the large intestine, since they are active
only after hydrolysis. 'I'ne most common of these substances are
emodin and chrysophunic acid.
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Emodin is partly absorbed in the urine, which is colored yellowish
brown when it is acid, and red when alkaline, Some ay be excreted
in the milk and cause catharsis in the nursing baby. The pure prin-
ciples of these drugs are not as satisfuctory as the crude form, per-
haps because they are absorbed too readily, prolducing toxic symp-
toms.

The anthracene group requires from eight to twelve hours to act;
there is some griping which is attributed to the resinous bodies.
Better results are secured by giving smaller doses at more frequent
intervals. No marked tolerance is established by repeated doses. The
anthraquinone cathartics tone up the muscles of the colon. They are
particularly indicated for the treatment of chronic atonic constipa-
tion.

Rhubarb.—Rhubarb cousists of the dried rhizome and roots of
Rheum officinale and other species of Rheum. Its preparations are still
used, but with decreasing frequency. Rhubarb is indigenous to China
and was introduced to the Western World at about the beginning of
the Christian Era.

Rhubarb contains a considerable amount of tannic acid as well as
cathartic principles. The tannic acid acts as an astringent and tends
to cause constipation after the bowel is emptied. Rhubarb may cause
nausea, headache, and occasionally skin eruptions. Doses of 0.03 to 0.3
gram produce astringent action, and such doses are indicated in diar-
rhea; larger doaes (1 to 5 Gm.) are indicated for laxative effocts.
Rhubarb and its extract are cathartic, bitter tonic, and stomachic, while
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the aromatic syrup and tincture are laxative and slightly astringent.
As cathartics they act chiefly on the colon and have a tendency to
produce constipation after the initial laxative effect.

Rhubarb is still prescribed but usually as an adjuvant for other
agents. Rhubarb preparations act in about eight hours, and they may
be taken between meals or at night. Repcated use sometimes leads
to the development of skin rashes. The taste is disagreeable; the drug
frequently causes griping, and it often discolors urine.

For constipation:

B
Rhubarh Powder
Magnesium Oxide
Sodium Biearbonate ___________ ad 30.00 Gm. (3j)

M. Sig.: A teaspoonful two or three times daily when needed.

PREPARATIONS

Rhubarb, Rheum, U.S.P,, B.P. Rhizome and root of certain species of
Rheum. Dosage: 1 Gm. (135 grains).

Rlhubarb Extract, Ertractum Rhei, N.F. One gram of extract repre-
sents 2 Gm, of rhubarb. Dosage: 0.5 Gm. (714 grains).

Aromatic Rhubarb Syrup, Syrupus Rhei Aromaticus, U.S.P. Aromatie
rhubarb tincture (159 ) and potassium carbonate in syrup.
Dosage: 10 ce. (2% fluidrachms ;.

Aromatic Rhubarb Tincture, Tinctura Rhci Aromatica, U.S.P. Rhu-
harb  (209.), ecinnamon, eclove and myristica in glycerin,
wleohol, and distilled water,  Absolute aleohol content about 45
per cent, Dosage: 4 ce. (1 fluidrachm),

8enna.—Senna is the dried leaves of C(assia Senna, a plant in-
digenous to Africa and Arubia. It was used as a cathartic by the
ancients. Senna is a popular domestic remedy. It may be ad-
ministered by having the patient chew the leaves, but it is more
frequently made into a tea. Senna belongs to the anthraquinone
group of vegetable cathartics which act on the large intestine. It is
one of the most valuable drugs of this class and is especially indicated
for the treatment of chromic constipation. It is more active than
Cascara Sagrada, and is more prone to cause griping and abdominal dis-
tress, It is contraindicated in any condition if there is intestinal
inflammation present.

Senna is best prescribed in the form of a tea. To this may be
added manna, which serves to sweeten it and increases its laxative
offect. Senna {aken in this form does not gripe. Compound Senna
Powder, formerly known as Compound Licorice Powder, is prescribed
nlone or in fruit juice.

PREPARATIONS

Senna, Senna, USP. (Senna Leaves), Dosage: 2 Gm. (30 grains).

Senna Fluidextract, Fluidcxtractum Sennae, U.S.P. Senna (100%).
Absolute alcohol content about 25 per cent. Dosage: 2 cc. (30
minims). Exztractum Scnnae Liquidum, B.P. Dosage: 0.6-2 ml.
(10-30 minims).

Compound Senna Powder, Pulvis Sennac Compositus, N.F. Senna
(18%), washed sulfur (8%) with glycyrrhiza, oil of fennel and
sugar. Dosage: 4 Gm. (1 drachm),

Senna 8 , Syrupus Sennae, USSP, B.P. Senna Fluidextract
(2g;:§. and coriander oil in sucrose and water. Absolute alco:
hol content about 6 per cent. Dosage: 8 cc. (2 fluidrachms),
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Aloe.—Aloe is the name given to the dried juice of several species
of the cactuslike aloe plants of Arabia and East Africa. It con:
tains the active principle aloin, a mixture of anthracene derivatives.
Aloin is very bitter, therefore it must be administered in pills. Small
doses may be used as a stomachic. Moderate doses are laxative and
cause griping, and therefore are often combined with belladonna or
carminatives. This drug is satisfactory for chronic constipation.
The effects are similar to those of cascara, but it is somewhat more
irritant. Aloe causes congestion of the pelvie organs and is there-
fore contraindicated in pregnancy, menstruation, and in the presence
of hemorrhoids,

Aloin, obtained from aloe, is the most frequently used preparation. It
is usually prescribed as Compound Laxative Pills or in some other com-
bination of purgatives. The drugs apparently act on the lower part of
the intestine. This drug is particularly useful for correcting the con-
stipative effect of iron medication.

For chronic constipation:

Aloe Pills _________ . ________ ... _. No. XXX
Sig.: One pill at bedtime (N.F.).

PREPARATIONS

Aloe, Aloe, US.P,, B.P. Dosage: 0.25 Gm. (4 grains: ax pills,

Aloe Pills, Pilulae Alocs, N.F., B.P. Each pill contains uloe, 0.13
Gm. (2 grains) with soap. Dosage: 2 pills,

Aloin, Aloinum, U.S.P. Obtained from aloe. Dosage: 0.015 Gm. (%
grain) in pills.

Aloin, Strychnine and Belladonna Pills, Pilular .{loini, Strychninae et
Belladonnae, N.F. FEach pill contains aloin 0.013 Gm. (1
grain), strychnine, 1 my. (14 grain), and pilular belladonna
extract, 0.008 Gim. (1 grain) with glyeyrrhiza and glucose,
Dosage: 1 pill.

Cascara 8agrada.—Cascara sagrada is obtained from the bark of
a shrub, Rhamnus purshiana, found on the Western Coast of the
United States. Cascara sagrada as now marketed is effective and
causes little discomfort. As is the case with this entire group of
drugs, the active cathartic principles are liberated only after hydrol-
ysis in the alkaline lower third of the small intestine. The cathartic
action is exerted almost entirely upon the large bowel. The effect is

roduced in from eight to twelve hours. It produces its effect by
irritation, but usually without griping pains, and the irritation is not
severe. Since its efficiency is not lost by repeated use, it is an effec-
tive drug in chronic constipation. The extract is sometimes used, but
the fluidextract or the aromatic fluidextract of the drug is chiefly
employed. The aromatic fluidextract is not as active as might be
expected, because some of the bitter principles are removed. The
simple fluidextract is very bitter, so if given three times a day it also
exercises a tonic effect.

These preparations are prescribed alone or with milk, or small
amounts may be added to other formulas to make them laxative.
Cascara sagrada is a stimulant, laxative, and cathartic, and is used
chiefly in echronic constipation. It softens the stools with little
irritation. No tolerance is developed. A dose of 15 drops of the
lll&i:l:ixtmt, three times daily, is satisfactory. As a tonic and

ve:
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B
Cascara Sagrada Fluidextract —.._ 30.00 cc. (ij)
(ilycerin
Aromatic Elixir ______________ aa 15.00 cc. (f3ss)
M. Sig.: Teuspoonful after meals.

PREPARATIONS

Cuscarn Sagrada, Cascara Sagrada, U.S.P., B.P. Dosage: 1 Gm. (15
grains).

Cusearan Sagrada Extract, Extraclum Cascarae Sagradae, U.S.P. One
gram of extract represents 3 G, of cuscura sagrada. Dosage:
0.3 Gm. (5 grains)., Caseara Sagrada Extract Solution, Ex-
tractum Cascarae Sugradar Liquidum, B.P., %-1 fl. dr.(2-4 ml.).

Cascurn Sagrada Extract Tablets, Tabellae Cascarae Sagradae Erxtracti,
U.SP. Dosage: 0.3 Gm. (3 graius).

(‘aseara  Sagrada  Fluidextract, Fluidertractum Cascarae Sagradae,
U.S.P. Cunscara sagrada (1009%). Absolute aleohol content
about 18 per cent. Dosage: 1 ce. (15 minims).

Aromatie Casearan Sagrada Fluidextract, Fluidertractum Cascarae Sa-
gradae Arvomaticum, U.S.P.  Alsolute aleohol content about 18
per cent. Dosage : 2 ce. (30 minims).  Elixir Cascarae Sagradac,
B.P., 2.4 ml. (30-60 min.).

Resinous Group

The eathartic resins include jalap, ipomoes, elaterin, coloeynth, and
podophyllum. These substanees are rarely used now due to their drastic
action.  Only podophyllum will be discussed.

Podophyllum.—Podophyllum is the dried rhizome and roots of the
perenninl herh Podophyllum peltatum which grows in Canada and in the
United States. It was early adopted by the settlers for general use. Its
active principles are resins. Podophyllum is cholagogue, laxative, and
eathartie, and ig used in chronie constipation. Beeause it acts slowly,
producing soft stools in from twelve to thirty-six hours, podophyllum is
a valuable laxative in chronie constipation. As its effects are somewhat
uncertain, it is advisable to bhegin with a smaller dose than that recom-
mended by the N.F., and increase it if necessary. The resin of podo-
phyllum, which is the preparation used, is very irritating to the eye and
mueous membranes in general. Tt is usually ordered in small doses with
other drugs to inerease its purgative action.

PREPARATIONS
Podophyllum, Podophyllum, N.F. Yields not less than 5 per cent of
regin,
Podophyllum  Resin, Resina Podophylli, N.F. Dosage: 0.01 Gm.
(14 grain). Podophylli Resina, B.P., 14-1 gr.

Irritant Oils

The irritant oils include castor oil and croton oil. Due to its vio-
lent irritant action the latter is rurely used in medicine,

Castor Oil.—(Custor oil is n fixed oil obtained from the seed Ricinus
communis. The highly refined oil that may now be purchased is odorless
und almost tasteless,

Castor oil consists chicfly of the triglyceride of an unsaturated fatty
acid, ricinoleic acid. The neutral fat is active only when saponified
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in the intestine. The cathartic action is due to motor stimulation
of the small intestine. The internal secretion is not increased, the fluid
stools being due chiefly to the rapid passage of the feces. Passage may
occur in two hours instead of a normal eight-hour period. L

Castor oil is the most valuable and extensively used purgative in
medicine. It is characterized by efficient purgative action followed by
a tendency to check intestinal activity. This is desirable in the treatment
of diarrhea, dysentery, and other digestive disturbances. It is par-
ticularly valuable in the treatment of diarrhea caused by irritants and
infections, and is also valuable in securing the rapid removal of toxic
drugs from the gastrointestinal tract.

The drug is best administered before breakfast on an empty stomach.
It may be given in lemon juice, ginger ale, or in various other ways.
The usual dose is 14 to 1 ounce. In administering the oil to children, the
first dose is frequently vomited. If repeated promptly, it will almost al-
ways be retained.

In diarrhea or dysentery a desirable mixture is 1 fluidrachm (4 cc.) of
paregoric and 1 fluidounce (30 cc.) of castor oil, beaten up into a
creamy mixture and administered alone. Castor oil often has a con-
stipating effect after purgation, so that it may be advisable to follow
it with some other laxative. If it is used continuously, gastric symptoms
may occur. .

Externally, it is used in the treatment of burns, ulcers, and chronic
indurative skin diseases.

PREPARATION
Castor Oil, Oleum Ricini, U.S.P., B.P. Dosage: 15 ce. (4 fluidrachms).

Mercurial Cathartics

While mercury is a general protoplasmic poison, several of the
insoluble mercury salts are slightly soluble in alkaline secretions of
the intestines and produce a mild irritation followed by catharsis.

Mode of Action.—Preparations of mercury pass through the stomach
unchanged and apparently form some mercury-protein combinations
in the intestine. The compounds thus formed are quite active, and
it is thought that the union with the intestinal protein causes the
increased peristalsis, increased glandular secretions, and decreased ab-
sorption. The contents of the small intestine pass more rapidly to the
large intestine.

Calomel (mild mercurous chloride), and mercury with chalk are
prepantiona used for their cathartic action. Mild mercurous chio-
ride (calomel) produces a dark green semisolid stool in ten to
twelve hours. The action is very mild and is rarely contraindicated
even in enteritis. This compound also produces an antiseptic action in
the intestines, reflected by the decrease of urinary indoxyl. Larger
doses may favor bacterial growth by diminishing intestinal resistance.
Calomel is contraindicated in conditions in which there is a possibility
of intestinal obstruction, as it is slowly absorbed and may produce mer-
cury poisoning. Calomel produces a marked diuresis in cases of edema
but does not produce diuresis in normal persons. At one time calomel
was very popular but it is now rapidly falling into disuse.
ll;rr:n:y l::“z; mt the popula‘r:tt‘z ofh me‘::dureyh iwith chalk is waning.

, OF r, is u
u;" :d“':lnd’{hm"gdﬂ“‘:wm‘l- s efly for infants, since
'or ts, the mild mercurous chloride is the aration of choice.
It may be administered with sugar, in powder or inp:;mlel. It is often
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combined with some other purgative, as phenolphthalein, podophyllin,
rhubarb, etc., and administered in capsules.

A very satisfactory plan for administering calomel is to give it in
small doses (14o grain capsules) and repeat every twenty minutes until
one or two grains have been given.

In addition to its use as a cathartic, ecalomel is also used as a diuretic,
as an antiseptic, and in the treatment of syphilis.

Contraindications.—Mercury is contraindicated in weakness, ane-
mia, and cachexia. In severe nephritis, weak digestion, and advanced
tuberculosis of the lungs mercury should be used with extreme caution.
The use of mercury is not contraindicated in pregnancy; in fact, clinical
results have shown that in patients with syphilis mercury diminished the
tendency to miscarringe. Other contraindications are scurvy, dysentery,

severe heart disease, disease of the gums, and in cases in which iodides
have been administered internally.

As a purge:
B
Mild Mercurous Chloride
Phenolphthalein
Rhubarb Powder . __________ aa 0.30 Gm. (gr.v)

Mix and put into 3 capsules.
Sig.: Tuke one each hour.

PREPARATIONS

Mercury with Chalk, Hydrargyrum cum Creta, NF. (Gray Powder).
Mercury (about 387,), with prepared chalk (57%), honey, and
water. Dosage: 0.25 Gm. (4 grains).

Mild Mercurous Chloride, Hydrarguri Chloridum Mite, U.S.P. (Calomel).
Hydrargyri Subchloridum, B.P  Dosage: Laxative, 0.12 Gm.
(2 grains).

Mild Mercurous Chloride Tablets, Tabcllae Hydrargyre Chloridi Mitis,
N.F. (Calomel Tablets). Contains 92.5 to 107.5 per cent of the
stated amounts of Mild Mercurous Chloride. Dosage: 0.06 Gm.
(1 grain) of Mild Mercurous Chloride.

Miscellaneous Cathartics

Phenolphthalein.—Phenolphthalein, a condensation product of phe-
nol and phthalic anhydride, is used in medicine chiefly as a cathartic.
It is & white powder almost inzoluble in water but soluble in alcohol
(1:13). Its derivative, phenolsulfonphthalcin, is used in testing kidney
function.

Pharmacological Action.——Phenolphthalein resembles the anthracene
purgatives in its generanl mode of action. Berk et al. (1942) believe
phenolphthalein acts directly on the muscle.

Part of the drug is absorbed and is excreted in the bile, and hence
will produce purgative effects for three or four days. After oral ad
ministration 85 per cent appear in the feces while traces are found in
the urine, After hypodermic administration it is excreted in the urine,
feces, saliva, and tears.

Tozxicology.—Phenolphthalein has a cumulative action if taken regu-
larly. The chief toxic effects produced are skin rashes and occasionally
renal irritation, Large overdosage can produce severe intoxication, and
hence it ia unwise to dispense for use by children in the form of choco-
late tablots, .
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Therapeutic Uses—The use of phenolphthalein should be supervised

. and stopped when toxic manifestations develop. It is useful in the

treatment of chronic atonic constipation and is considered a fairly safe

and reliable cathartic. In spastic constipation its use is contraindi-
cated.

PREPARATION
Phenolphthalein, Phenolphthaleinum, US.P., B.P. Dosage: 0.06 Gm.
Py (1 grain).
CHOICE OF CATHARTIC

The choice of a cathartic, when one is indicated, is an important de
tail with reference to the success of the treatment. The following points
should be kept in mind:

1. Cascara sagrada is a drug especially indicated for constant daily
use when a mild, effective cathartic is desired. 1t produces no toler-
ance, and decreasing doses are possible. 1t may be used in conjunction
with mineral oil.

2. Castor oil is recommended for an occasional powerful purge. It
is mildly irritating to both the small and the large intestine.

3. Mild mercurous chloride (calomel) may be given by mouth in the
presence of nausea and vomiting, as it is not offensive to the stomach.
Care should be exercised, as mercurial poisoning may occur.

4, Phenolphthalein has no great advantage over other cathartics
other than the ease of administration. The drug occasionally gives
rise to a permanent hemorrhagic rash.

5. Saline cathartics. The milder salines are the only ones that
should be used habitually. Magnesium oxide and Seidlitz powders
are pleasant ways of administering mild cathartics.

6. The use of cathartic pills should be discouraged, for a regular
habit may soon be established.

7. Agar is a valuable therapeutic agent for the spastic type of
constipation. It provides the desired bulk and lacks the irritating prop-
erties of cellulose and bran. It may be given with mineral oil or
cascara. The agar mineral emulsions, so widely advertised, are of
little value because of the small amount of agar (2 to 6%) present.
The laxative effect of these emulsions is usually due to the presence
of phenolphthalein or magnesium.

Prescribe Cathartics Cautiously.—Cathartics are not, as yet, in-
cluded among the dangerous drugs, but they are prescribed care-
lessly and taken light-heartedly by physicians and laymen alike.
Under certain conditions, however, a cathartic can produce grave
results. A cathartic at the beginning of an acute illness tends to
dehydrate an already dehydrated patient, depleting the fluid reserves
still further. Cathartics should never be given in disenses in which
diarrhea is a symptom; and only in the early stages of an acute
abdomina’l infection is the administration of a cathartic indicated.

According to Fantus (1939) ‘‘even the mildest and blandest laxa-
tive, as wel as enemas, must be charged with a tendency to get the
bowel into sluggish habits, for this very ease with which solid or liquid
contents pass along the bowel diminishes the necessity for muscular
oﬂ;;t :nd afga ito atony and ultimately to atrophy.’’

utine administration of cathartics before surgi i
only dutn:hba kt.h‘ water balance of the tissues anduirf 1:‘1)“022;::1::
courages shock. Purgation is exhausting and in conditions such as
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lobar pneumonia hinders the chances of recovery, The wuse of
cathartics as & routine procedure in any branch of therapeutics is poor
treatment.
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CHAPTER VII

ANTISEPTICS, DISINFECTANTS, AND
ANTI-INFECTIVES

I. ANTISEPTI(C'S AND DISINFECTANTS

“‘In Nature’s battle against disease the physician is but
the helper who furnishes Nature with weapons, the apothecary
is but the smith who forges them.’’

—Paracelsus (1493-1541).

Probably no man has exerted a greater influence on the practice
of surgery than Joseph Lister. He was greatly influenced by an
article telling of the work of Pasteur who had shown that ‘‘the air
was full of living germs and that these were carried on particles of
dust floating on the atmosphere; that the activity of these particles
of dust can be destroyed by heat, and that they can be filtered off
by cotton wool.’”’ It occurred to Lister that suppuration in wounds
could be prevented ‘‘by applying in a dressing some material capable
of destroying the life of the flouting particles.’’

Lister, who was interested in the treatment of compound fractures,
used cotton soaked in carbolic acid as a dressing for these fractures.
He tried out various dilutions of phenol for washing skin prepara-
tory to operating. Later he used carbolized cerate and also oil of
eucalyptus. In 1870 he introduced the carbolic acid spray, in the
belief that it would destroy germs before they came in contact with
the field of operation. Later, many other drugs were proved more
valuable than phenol because of their less destructive action on
tissues. Now surgeons try to work under strict aseptic conditions
and use a wide variety of antiseptics and disinfectants to cleanse the
skin, hands, and instruments.

Preventive medicine and surgery are both dependent upon eflicient
medicinal agents for the prevention and treatment of infections. Those
drugs commonly used are termed ‘‘antiseptics,’’ and ‘‘disinfectants.’’
The most acceptable definitions are:

Antiseptic.—‘A substance that opposes sepsis, putrefaction or
decay.’’ The United States Food and Drug Administration haas recog-
nized that the word ‘‘antiseptic’’ has two meanings—to kill bacteria
or to prevent their growth, depending upon the use of the produet.
Products, such as salves, ointments, etc., may be properly designated
as antiseptics, if they inhibit the growth of hacteria. Mouthwashes,
douches, gargles, etc., may be designated as antiseptics, however,
only if they destroy bacteria in the dilutions recommended and in
a period of time compatible with their usage.

Disinfectant.—‘‘ An agent that frees from infection.’’ It is usually
a chemical agent that destroys bacteria. It is synonymous with
germicide and bactericide.

Mode of Action of Antiseptics.—The idenl antiseptic is one that will
actively inhibit the growth of bacteria in the presence of body fluids
without injuring the cells of the host. In view of the great similarity
between bacteria and the cells of the host the problems involved in

186
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securing agents with specific bacteria action is most difficult. There
is some information available fegarding the effects of antiseptics on bae-
teria, but experimental difficulties make it hard to determine the inter-
actions of antiseptics with tissue cells.

The following reactions are believed to take place between anti-
septics and bacteria.

1. NEUTRALIZATION OF FREE BASIC OR AcIpic GrOUPS of the bacterial
protein. Such neutralization of vital functional groups seems to cause
metabolic disturbances in the microorganisms, and eventually death.

2. FORMATION OF NoNioNIZED COMPLEXES between antiseptics and
bacteria may explain the antiseptic activity of some compounds. An-
ionic antiseptics have been proposed for certain neutral or faintly
alkaline sodium salts of acids of high molecular weight, familiar ex-
amples being acid fuchsin (acid dyes), ammonium and calcium man-
delates, and common soap. These antiseptics may function through the
interaction of their acidic ions with the basic groups of bacteria to form
feebly ionized compounds (Stearn and Stearn, 1924).

The cationic antiseptics, which are the converse of the anionic group,
consist of neutral salts of bases of high molecular weight and include
the ‘‘basic dyes,”’ such as brilliant green and crystal violet, triphenyl-
methane dyes, and the acridine antiseptics (proflavine, acriflavine), as
well as colorless higher aliphatic amines represented by zephiran. This
group is thought to act by uniting with the acidic group in bacteria to
form feebly ionized compounds.

3. SURFACE AcTIviTY of certain drugs may explain their antibae-
terial action. The property of surface activity, that of congregating
at a boundary, is due to the molecule possessing a powerful polar group,
such a8 —COOH or —NH, at one end of the molecule while the rest
of the molecule constitutes the ‘‘nonpolar’’ group. In general the
polar groups are brought together while the nonpolar groups attract
each other. This mechanism could concentrate substances of an anti-
bn?terinl nature on or in the cell wall and thus cause destruction of the
cell.

4. FORMATION OF CoMPLEXES.—Formaldehyde appears to act by form-
ing complexes involving the free amino groups of protein. No other
aldehyde, however, has comparable antiseptic properties.

5. HALOGENATING AcTION.—The halogenating agents, iodine, and or-
ganic compounds liberating hypochlorous acid, appear to act both by
halogenating free amino groups and through direct oxidizing action.

6. OXIDIZING ACTION.—Agents such as ozone, hydrogen peroxide, and
permanganates are bactericidal because of their frank oxidizing action.
These agents are rapidly inactivated by bacteria and human tissues
and do not distinguish between bacteria and human tissues.

7. DisrLACiNG OF ESSENTIAL METABOUITE.—The sulfonamides lack
general antiseptic activity except in high concentratiog. Their mode of
action is thought to be due to their ability to displace an essential me-
tabolite, apparently p-amino-benzoic acid, from a bacterial enzyme.

Selection of a Disinfectant.—In general, the selection of a disin-
fectant for the sterilization of gloves, clothing, and instruments, is
relatively easy and is limited only to the susceptibility to damage
from the agents used, the amount of labor and the disinfectants
available. The disinfection of tissues, however, is a matter of great
importance. Naturally the necessity of dixinfection must be care-
gullyl v'v“o‘ighed against the possible damage of the agent to the tissues
involved.
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Efficlency of Disinfectants.—The efficiency of disinfectants de-
pends on many factors. Some of these factors are: (1) concentra-
tion of disinfecting agent; (2) the ability to penetrate and diffuse
into tissues; (3) length of time agent is in contact with microorgan-
isms; (4) the temperature at which agents are applied; (5) the re-
action of the environment; (6) the number and type of organisms
present and the type of environment (media) in which they are
found.

The measurement of the relative efficiency of various disinfectants
is of considerable importance and a number of methods for testing the
potency of disinfectants have been devised. “T'he best known is
the Rideal-Walker method or some modification of it. The phenol
coefficient in the Rideal-Walker method is determined by dividing
the figure indicating the degree of dilution of an antiseptic that
will kill Bacillus typhosus in a given time by the degree of dilution
of phenol that will produce the same results in the same time under
identical conditions. The phenol coeflicient is valuable only for the
disinfectants related to phenol, and is of little value for metals,
iodine, chlorine, and other antiseptics.

A vast array of chemical compounds and proprietary preparations,
many of which are exploited with exaggerated claims, are available.
Only a few of the most important substances will be discussed.

PHENOL AND DERIVATIVES
Phenol

Phenol, carbolic acid (C,H,0H), a monohydroxy benzene, is obtained
from coal tar by fractional distillation or made synthetically. 1t ap-
pears as colorless or reddish crystals which are soluble in water
(1:15), alcohol, glycerin, and oils. Solutions in fatty oils are not
antiseptic because their aflinity for the fatty oils is so great that
they exert little effect on bacteria or tissues.

Phenol was the first of the modern antiseptics to be used, being
introduced by Lister in 1867. It was used extensively as an antiseptic
following its introduction but is seldom used for this purpose today.
Lister’s confidence in phenol so firmly established the reputation of
this compound that it has become the standard by which germicidal
powers of antiseptic and disinfectant compounds are compared.

Pharmacological Action.—Phenol possesses antiseptic and germicidal
action; also local anesthetic and caustic action. Aside from its local
action phenol produces marked changes in the central nervous system.

Phenol is rapidly absorbed from the stomach, intestines, skin, and
mucous membranes. After absorption a large portion is oxidized to
hydroquinone and pyrocatechin which are ezcreted in the urine, giving
it a brown color. Some of the drug is combined with glycuronic acid
and some is combined with sulfuric acid to form phenyl-sulfuric acid,
both of which are excreted in the urine. The formation of these many
compounds with phenol is a striking example of the many ways a drug
is acted upon in the body.

Antiseptio Action.—Phenol possesses the characteristic properties of
the phenol derivatives; some of its derivatives are superior, however,
at least for some purposes. It is generally thought that phenols react
with bacterial proteins to form insoluble albuminates and that their
disinfectant action is due to their ability to denature proteins.
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Phenol is poisonous to protozoa, plant cells, spermatozoa, and prac-
tically all unicellular organisms. It shows, however, no marked specificity
on any particular species of bacteria, although it destroys delicate
organisms, such as B. typhosus, with considerable ease. Tubercle
bacilli are killed by exposure to 5 per cent phenol for twenty-four
hours. Phenol is little used today because it kills tissue cells almost
as readily as it kills bacteria. Furthermore, it is toxic when taken
internally and hence is unsafe as a general disinfectant for public use.

Local Action.—Phenol causes coagulation of proteins when brought
in contact with tissues. A 5 per cent solution will cause tingling and
warmth in the fingers followed by shrinking of the skin. This action
is accompanied by mild anesthetic and analgesic action; an action
made use of in compounding antipruritic lotions or ointments. Solutions
of phenol, when used as wet dressings, often penetrate and destroy
tissues, \Wenk solutions nre even more dangerous, for they give no
danger signal of their destructive action as a stronger solution would.
Mucous membranes become irritated and necrotic when phenol is applied.

Central Action.—Small doses of phenol produce fleeting analgesic
and antipyretic actions, followed by pronounced toxic symptoms of
such n nature that it cannot be used in therapeutics. Large doses
produce collapse and coma.

Action on Circulation.—Small doses intravenously cause marked fall
in blood pressure, caused apparently by cardiac and vasomotor action.
Large doses slow the heart due to direct cardiac action. When given
orally the fall of blood pressure is prolonged because of continuous ab-
sorption,

Other Actions.—Respiration becomes slow and shallow following
phenol administration. Temperature falls due to collapse and alteration
of the heat center. Seccretions, especially saliva, sweat, and tears, are
increased by phenol.

Toxicology.—Large quantities of phenol are occasionally taken orally
cither by accident, or with suicidal intent. Phenol is readily absorbed
from wounds and mucous membranes, hence poisoning may follow its use
as a wash for large areas. Orally, phenol causes a burning pain in the
mouth, pharynx, and stomach. It is quickly absorbed and produces
immediate collapse with intense and striking cyanosis. In less severe
cases, rapid pulse, cold perspiration, and the typical picture of shock are
characteristic. There occasionally occurs twitching of the muscles of
the face and limbs. Convulsions are rare. Death occurs from respira-
tory paralysis. The fatal dose varies with route of administration.
Introduction by routes other than the alimentary canal, such as by the
vaginal route, may require but small quuntities to produce death. A
dose of 1 to 20 grams may cause death in a few minutes or usually in
less than twenty-four hours.

Post-mortem Appearances.—-Phenol corrodes the tissues with which it

* comes in contact, producing a white appearance, but after prolonged
contact, red patches appear. The urine 18 dark green in prolonged cases.
The blood is usually dark and fluid; the brain, liver, and lungs are con-
gested.

Treat phenol poisoning by stomach lavage with liquid petrolatum
(250 cc.), followed by potassium permanganate. The use of nleohol,
which is commonly recommended in textbooks, is ecoutraindicated.
Alcohol dissolves phenol rapidly but as alcohol is quickly absorbed,
phenol is carried immediately into the system.

If stomach tube ia not available, inject 0.006 Gm. (14o grain) apo-
morphine hydrochloride. Inject intravenously 1000 cc. of 5 per cenmt
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glucose in physiological saline. Provide mmhalation of 10 per cent
earbon dioxide and 90 per cent oxygen or apply artificial respiration
if necessary. Wash off surface burns with 95 per cent aleohol.

Therapeutic Uses.—Phenol is used chiefly as an antiseptic and
germicide and in ointments or solutions for its anesthetic and anti- .
pruritic action. As a solid, phenol is used in ointments, oily liquids,
etc., while liquefied phenol is usually used for the preparation of
solutions.

Skin Diseases.—Phenol acts as a local anesthetic. In consequence it
is employed to relieve itching in the treatment of eczema, urticaria,
dermatitis, etc. Solutions or ointments of from 0.5 to 2 per cent are
recommended. In treatment of pruritus:

B
Phenol
Menthol . _________________ aa 1.3 Gm. (gr.xx)
Petrolatum ______________ q.s. ad  30.0 Gm. (3j)

Mix and stir well.
Sig.:  Apply loeally.,

For toothache:

Phenol _________ . 0.70 Gm. (gr.xj)
Chloroform ___________________._ 12.00 ce. (£3iij)
Clove Oil _._____._____._. q.s. ad 30.00 ce. (f3))

M. Sig.: One drop on tooth.

ds Antiseptic and Disinfectant.—Five per cent solutions are used
for the disinfection of utensils, instruments, the hands, ete. Phenol has
been used as an antiseptic in mouthwashes, gargles, and lotions in 0.5
to 1 per cent strengths. Injections of approximately 0.5 to 0.8 cc. of a
10 per cent solution are recommended to abort boils. Phenol, full
strength, may be used to cauterize chancroids, venereal warts, and ulcers.
Earache, resulting from congestion of the tympanic membrane, is fre-
quently relieved by the use of a 3 to 5 per cent solution of phenol
in glycerin. Inhalations have been advocated in conditions such as
pulmonary gangrene. It is useless as an antiseptic in stomach fermenta-
tion. In the treatment of internal hemorrhoids 5 per cent phenol in
almond oil or compressed cottonseed oil is a popular and effective
preparation. Button recommends that a saturated solution of sodium
sulfate, with 0.5 per cent phenol, be used for ivy poisoning.

PREPARATIONS

Phenol, Phenol, U.8.P., B.P. Colorless crystals or white crystalline
masses, sometimes becoming reddish with a characteristic odor.

Liquefied Phenol, Phenol Liquefactum, U.8.P., B.P. Phenol liquefied by
about 10 per cent of water.

Phenol Ointment, Unguentum Phenolis, U.S.P. Phenol (2%), glycerin
(2%) and white ointment (96%). (B.P.,, 3 per cent in oint-
ment base.)

Cresols

Cresols are methyl phenols (C,H,CH,0H) obtained by the introdue-
tion of alkyl groups into phenol, or manufactured by fractional dis-
tillation from coal tar or phenol ‘‘crude carbolic acid.’’ They are
:;on important than phenol from the standpoint of practical disinfec-

on,
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Pharmacological Action.—The three cresols, ortho-, meta-, para-
cresol, resemble phenol closely in action, are moderately soluble in
water (1:50), and readily form emulsions in the presence of soaps or
alkalics. Of the three isomers, the meta- form is the most antiseptic
and least toxic, and the para- the most toxic. The introduction of
the methyl group inereases the germicidal efficiency while the toxicity
is not increased, at least in the same ratio. The symptoms and treat-
ment of cresol poisoning are as for phenol.

Another advantage of the cresols over phenol is their lower cost.
However, they have certain disadvantages, such as a disagreeable odor,
which is due mainly to impurities, their limited solubility in water, an
their variability in composition. The cresols may be rendered soluble
by the addition of soap.

The toxicity and local actions of the cresols, as of other phenols,
may be diminished by ‘‘masking’’ the active OH group through re-
placement of the H by acid radicals. Thus, CH,C,H,0(CH,CO), the
acetic acid ester of metacresol, CH,C,H,OH, is said to possess antiseptic
and analgesic properties, and is apparently free from toxic effects.

Therapeutic Uses.—Cresol is used in medicine solely for its disin-
fectant properties. The saponated solution is used almost exclusively.
It is employed chiefly as a surgical antiseptic, both for sterilizing instru-
ments (3-5 per cent Saponated Cresol Solution) and as a wound
dressing in 1 per cent concentration. The diluted solution (1-5 per
cent) is used for the disinfection of the skin, for vaginal douches,
and for sterilizing and lubricating the hands.

The acetic acid ester of metaoresol, CH,CH,0(CH,CO), is recom-
mended in the trentment of affections of the nose, throat, and ear, such
as follicular tonsillitis, nasal suppuration, furunculosis, and purulent
otitis media. It is said to be nontoxic to mucous membranes. Use in
pure form or in dilution with oils or alcohol by direct application or
spray.

PREPARATIONS

Cresol, Cresol, U.S.P., B.P. A mixture of isomeric cresols obtained from
coal tar, Dosage: 0.06 ce. (1 minim).

Saponated Cresol Solution, Liquor Cresolis Saponatus, U.S.P. Cresol
(50%) with vegetable oil, potussium hydroxide and distilled
water (B.P., solution of cresol with soap).

Creosote and Guaiacol

Creosote, which is obtained from the destructive distillation of
wood, is & complex mixture composed chiefly of guaiacol and eresol,
a_l:ld is used to a limited extent in medicine as an expectorant and germi-
cide.

Action and Uses.—Opinions vary as to the germicidal power of creo-
sote. Its phenol coefficient is approximately 3.6. It is strongly anti-

“septic and antipyretic, and slightly less irritant and toxic than phenol.

Creosote and guaiacol were extensively employed in tuberculosis and
chronic bronchitis, with doubtful clinical value. For these purposes
Creosote, Creosotum, N.F., B.P.; Creosote Carbonate, Creosoti Carbonas,
N.F.; and Guaiacol, Guaiacol, N.F., B.P., are used.

Trinitrophenol
Trinitrophenol, picric acid, C,H,(NO,),.OH, is a yellow, crystalline,

odorless subatance with a bitter taste. It is sparingly soluble in
water (1:78) and soluble in alcohol (1:12).
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Aotion and Uses.—Picric acid is used as a dye, a test and a fixing
agent, ag an explosive, and in medicine as an antiseptic, anthelminlic,
and for treating burns. 1t possesses antiseptic, germicide, and local
anesthetic action. The use of this drug is confined chiefly to the prep-
aration of wet dressings for the treatment of burns, and to render
the skin sterile before operations. In the treatment of superficial
wounds and eczemas, use is made of its anesthetic, antiseptic,
astringent, and stimulating action. Internally it is highly toxie, pro-
ducing nausea, vomiting, and diarrhea, and stains the skin and mucous
membranes a yellow color resembling jaundice. Toxic absorption may
occur from its application to extensive denuded areas. T'reatment
consists of gastric lavage followed by ingestion of large amounts of
water to aid elimination. The white of an egg is considered a
valuable antidote. The stains can be removed with potassium sulfate
powder.

PREPARATION

Trinitrophenol, Trinitrophenol, N.F., B.P. (Picric Acid). ¢‘Trinitro-
phenol explodes when heated rapidly or when subjected to per
cussion.’’

MERCURY AND MERCURY DERIVATIVES

Since the time of the alchemists, mercury has been regarded us s
drug capable of curing many discases. Much of the earlier work on
the antiseptic action of mercury was done on the bichloride of mer-
cury. It is now recognized that simple mercury compounds are not
germicidal in the great dilutions previously reported, and under cer-
tain conditions are not reliable disinfectants as was once claimed.
They have a limited germicidal activity on nonsporulating bacteria
and cannot be relied upon to kill bacterial spores even after many
hours’ exposure. ‘

In recent years special efforts have been made to develop com-
pounds which would retain the germicidal and antiseptic powers of
mercury and, at the same time, be relatively nontoxic and non-
irritative. Solutions of compounds of mercury with dyes or other
organic radicals have been developed for the treatment of bacterial
infections. In general they are highly bactericidal and are less toxic
and less irritating than the chlorides, iodides, and cyanides of mer-
cury, but it has not been conclusively demonstrated that they are
effective against bacterial spores. Some have an ability to penetrate
to some depth into living tissues and to act as fairly efficient chemo-
therapeutic agents; the extent of this action has not been definitely
established.

Pharmacological Action.—The importance of mercury rests on its
germicidal, antiseptic, diuretic, antisyphilitic, and cathartic actions.

Absorption and Ezcretion.—Mercury is slowly absorbed from the
skin by way of the hair follicles and sebaceous glands. It may be ab-
sorbed when in vapor form by the lungs, and from the intestines when
a soluble salt is ingested. Mercury, by whatever route introduced, is
taken up by leucocytes and transported to various organs, principally the
liver, intestines, and kidneys,

Mercury is slowly but largely excreted in the feces and urine, each
eliminating about an equal amount. The salt is also excreted by the
salivary glands, by the stomach, and by the liver and colon. A con-
siderable amount of mercury is stored in the bones, liver, kidneys, and
muscles, and is slowly excreted over a period of several months.
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Local Action.—Local action is dependent on the concentration of mer-
cury ions and on the precipitant effects on proteins. Mercux?; produces
effects which depend upon its property of combining with proteins
to form albuminates. This union destroys the life of the cells or
tissues. The albuminate of mercury is soluble in an excess of protein, a
property which favors deep penetration and corrosive action. Wet
dressings in concentrations of 1 to 2 per cent may cause dermatitis, while
solutions of mercury bichloride may cause inflammation, vesicles, and
even necrosis if the skin happens to be broken.

Local irritant action is most pronounced with mercuric chloride. In-
tramuscular injections cause severe pain and sometimes local necrosis.
On the skin concentrations of 1 to 5 per cent produce irritation, vesi-
cation, and corrosion; sensitive skin may be inflamed by the more dilute
surgical solutions. The formation of double snlts of mercury, such as
potassium mercuric iodide, greatly decreases its local irritation. How-
ever, its systemic action is about the same as for mercuric chloride, on
the basis of mercury content.

Antiseptic Action.—Mercuric chloride is a powerful antiseptic, espe-
cially in the absence of proteins or other substances which may
precipitate the mercury. The growth of microorganisms is inhibited
by a 1:300,000 dilution, nonspore-formers by a 1:20,000 dilution, and
anthrax bacilli by 1:1,000 dilution. Anything which unites with mercury
will limit its antiseptic power by limiting its penetration and by de-
creasing the available mercury. Mercury may be used to disinfect the
hands at a concentration of 1:1,000. Tt rapidly corrodes metallic in-
struments, which limits its usefulness for sterilizing purposes.

Antisyphilitic Action and Uscs.—See Chapter IX, Antisyphilitic
Drugs,

Action on the Intestines.—Mercury compounds produce intestinal ir-
ritation and subsequent catharsis. See Chapter VI, Cathartics.

Diurctic Action and Uses—Moderate dosges of mercury cause marked
diuresis, especially in cases in which large accumulations of fluids are
present.  Large doses of mereury cnuse severe irritation of the kid-
neys, with symptoms of nephritis and even anurin. Calomel acts as a
diuretic in the carly stages, usually before eathartic action occurs. See
Chapter XV1I, Diureties,

Action on the Nervous System.—The action of mercury on the nervous
system is obscure. In acute poisoning the intellect remains clear, and
no symptoms of poisoning, as a rule, are manifested, while in chronic
poisoning there are symptoms of paralysis, tremors, insanity, and
erethism. The tremors and erethism are due to the action on the
higher centers. The general weakness is due not only to peripheral
muscle and nerve pathology but also to changes in the higher centers.

Action on Circulation.—Toxic doses of mercury depress the heart
muscle and vascular tone. When injected subcutancously, large amounts
of mercuric chloride cause a gradual fall in blood pressure; when in-
jected intravenously & more sudden fall occurs. Large doses of organic
arsenicals (salyrgan, merbaphen) cause rise in blood pressure. The
rise in blood pressure and the volume changes in the other organs
indicate a direct action on the blood vessels; marked cardiac irregularities
and even ventricular fibrillation may follow such doses (D. E. Jackson,
1926).

Blood.—Large doses of mercury cause a reduction in the number of
red blood corpuscles, while small doses prevent their destruction. Small
doses of mercury not only cause an arrest of the destruction of corpuscles
due to syphilia, but actually cause an increase up to normal. Large
doses produce an opposite effect,
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Toxicology.—Mercury poisoning deserves careful consideration. The
majority of poisoning cases due to mercury are suicidal. When taken
with suicidal intent it is practically alwa{s ingested in the form of the
bichloride salt. Poisening may occur following use of mercury in the
vagina for the prevemtion of conception. Many cases have occurred
following accidental ingestion of a tablet of mercury.

INCIDENCE—The fashion or ‘‘vogue’’ in suicide changes with the
years. Carbolic acid was once quite popular but gave way to opium
derivatives. Then, and especially from 1920 to 1930, bichloride poison-
ing became very frequent. From 1930 to the present mercury poisonings
have been slightly less frequent, whereas poisoning due to barbiturates,
potassium cyanide, and lysol have been more common,

A. Acute Poisoning.—SyMproMs.—The symptoms of mercury goison-
ing are associated with damage to (1) the circulatory system, (2) cor-
rosive action on the digestive tract, and (3) its effects on the kidneys.

Circulatory System.—Shock may appear early after poisoning, or it
may be seen late in the course of an ulcero-hemorrhagic colitis. Typical
symptoms of pallor, weak and rapid pulse, low blood pressure, sub-
normal temperature, syncope, and collapse are present.

Gastrointestinal Tract.—The initial symptoms may be vomiting and
retching which frequently occur during the first five to fifteen minutes.
Usually soon after ingestion the patients complain of burning, metallic
taste, thirst, soreness in pharynx, and soon abdominal pain. Marked
swelling of the membranes may occur. Vomiting may be bloody, ac-
companied by severe purging with liquid and later bloody stools. Rectal
pain and tenesmus are often present.

Kidneys.—Very mild cases may show no demonstrable kidney pa-
thology. In more severe cases, however, oliguria followed by anuria
may set in within one to three days. In cases going on to suppression,
the urine shows marked albuminuria, and hematuria. With the ap-
pearance of oliguria—and certainly after anuria—the nitrogenous ele-
ments in the blood quickly rise. A fatal case may have blood urea in
the hundreds of milligrams, with a corresponding high creatinine.

Uremia contributes its element of nausea and vomiting, and there
may be drowsiness, hiccug, twitching of the muscles and, finally coma.
There is rarely a rise in blood pressure and, despite the anemia, edema
does mnot occur.

ProGNOSIS.—Prognosis should be guarded. However, if 5 grains or
less of the drug are taken, the outcome almost certainly will be good. If
the emesis interval is known to be less than thirty minutes, the prognosis
is usually good. But vomiting after mercury ingestion may be incom-
plete and ineffectual. Hence the length of time until actual therapeutic
lavage is of prime importance. A marked leucocytosis of 20,000 or
more almost always proves serious. Uremia is usually a serious symp-
tom, but occasional recoveries occur after a long suppression. If the
nonprotein nitrogen continues to increase after the fourth day, the prog-
nosis is very grave. If the nonprotein nitrogen goes down after the
seventh day, the patient may recover.

TREATMENT.—Emergency Treatment: This is very important. In-
structions over the telephone may be lifesaving even if only partially
carried out. Instructions: Administer 1 pint of milk (skim milk is
preferred as fats aid mercurl! absorption). If no milk is available
admipister 1 pint of water. Follow milk or water by ingestion of two
or three whole raw eggs. Next induce vomiting with lukewarm salt
water, mustard water, ete. On arrival of physician repeat above treat-
ment up to emesis. Then give a gastric lavage.
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Treat the rare phenomena of shock by the application of hot blankets
and inject 0.1 cc. of coramine subcutaneously. Morphine may be
indicated later. Plasma transfusions may be indicated.

Remember that the patient may still be bent on self destruction and
may deny taking the poison or may attempt further harm to himself.
Therefore do not leave patient unattended.

BAL.—After repeated gastric lavage and emesis, injection of BAL
(2,3-dimercaptopropanol) should be given. The dose recommended is 1.2
ce. of 10 per cent solution per 100 pounds of weight, given intramuscu-
larly four times daily for 