UNIVERSAL
LIBRARY

OU_170227

AdVvddlT
TVSHIAINN


















PHARMACOLOGY

AND

THERAPEUTICS

By
ARTHUR R. CUSHNY, M.A,, M.D., LL.D., F.R.S.

Late Professor of Materia Medica and Pharmacology in the
University of Edinburgh

TWELFTH EDITION, THOROUGHLY REVISED

By

C. W. EDMUNDS, A.B., M.D.

Professor of Materia Medica and Therapeutics in the University of
Michigan, Ann Arbor, Mich.

AND

J. A. GUNN, M.A,, M.D., D.Sc., F.R.C.P.

Professor of Pharmacology and Director of the Nuffield Institute for
Medical Research, University of Oxford, Oxford, England

Illustrated with 66 Engravings

LONDON

J. & A. CHURCHILL LTpD.
104 GLOUCESTER PLACE
PORTMAN SQUARE
1941



ALL RIGHTS RESERVED
1940
PRINTED IN AMERICA



PREFACE TO THE TWELFTH EDITION.

WHEN the first edition of this bock appeared, in 1899, it was recog-
nized as being “the first severely critical, rigorously scientific, general
text-book to be written in English by an experimnental pharmacologist.”
For a quarter of a century successive cditions from Cushny’s master
hand played an important part in sifting and promulgating the advances
in knowledge of the subject with which it deals. In the preface to the
Eighth Edition (1924) he quoted prophetically from ‘“the Schoole of
Salernc” (1607) the farewell verse;

And here I cease to write, but will not cease
To wish you live in health, and die in peace;
And ye our Physicke rules that friendly read,
God grant that Physicke you may never need.

When Cushny himself “ceased to write” and we were entrusted with
the task of preparing the ninth, tenth and eleventh editions, we pro-
fessed our desire to maintain, not merely the critical spirit of the book,
but the text as far as possible.  We were well aware that no one could
adequately replace the original author himself, but from the way in
which the book has maintained its popularity with teachers and students,
we venture to hope that the spirit which ispired the earlier editions
has not been wholly lost.

In the tenth edition very considerable changes were required to bring
the book in accord with the British Pharmacopeeia of 1932, and the
last edition brought it into line with the eleventh decennial revision
of the Pharmacopeeia of the United States (1936). The opportunity
was then taken not only to revise the text but also to make a very con-
siderable rearrangement of the order of the book. The present edition
incorporates changes introduced by the publication of the Appendix to
the British Pharmacopeeia of 1936 and the Supplements to the U. S.
Pharmacopeeia of 1937 and 1939.

No strictly scientific or completely logical arrangement of the hetero-
geneous group of substances used as drugs is yet possible. Drugs grouped
together by reason of possessing a common pharmacological action may
differ from one another in respect of other pharmacological actions;
drugs used for a specific therapeutic purpose may have little otherwise
in common cither chemically or pharmacologically. In spite of this,
the subject can be made more intelligible and repetition can be avoided
by such arrangement as is possible. In this book drugs are grouped
together sometimes because they act at a common point, e. g., hypnotics,
sometimes because they have a common therapeutic use, e. g., anthel-
mintics: and sometimes because of a chemical similarity, e. g., heavy
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4 PREFACE TO THE TWELFTH EDITION

metals. When in doubt, we have decided the arrangement with a view
to convenience in teaching the subject and ease of learning it.

The increasing volume of pharmacological research throughout the
world, as well as the growing interest in scientific therapeutics, yearly
adds so much to our knowledge that, in a book of this kind, many
chapters require a considerable amount of revision every two or three
vears. The main function of this book has always been to serve as a
textbook for medical students and practitioners. Consequently stress
is laid especially upon those drugs which are either of therapeutic im-
portance or are of theoretical significance in regard to the site or nature
of pharmacological action. The field of pharmacology, however,
includes the physiological and toxic actions of all chemical substances.
Every vear witnesses the investigation of many new pharmacological
agents, especially new synthetic compounds, some of which offer no
prospect of therapeutic use and others which exhibit little novelty of
action. An attempt to include all of these would make the book
unwieldy and would defeat its primary purpose. On the other hand,
we have included brief references to some substances, ¢. g., rarer metals,
which do not seem at the moment to possess much importance for
medicine but the actions of which may be of interest to workers in
cognate sciences.

Anything approaching a complete bibliography would add too much
to the size and cost of the book, and so place it beyond the range of
many students and practitioners. Generally speaking, we have con-
tented ourselves, as was C'ushny’s practice, with giving such references
as either indicate pioneer researches on a particular subject or as con-
tain in themselves a good bibliography. We hope that in this way the
bibliography given may afford a first aid toward the more complete
study of the literature.

J. A G.
C. W. E.



ARTHUR ROBERTSON CUSHNY.

(1866-1926)

Dxr. ARTHUR R. CusHNY was born at Fochabers, Scotland, on March 6,
1866. Ie was educated at the local school and subsequently at the
University of Aberdeen, where he graduated M. A.in 1886 and M.B.C.M.
(with highest honors) in 1889. Under tenure of a fellowship awarded
by his University, he worked for a year at Berne under the celebrated
physiologist, Hugo Kronecker, and later at Strassburg under Oswald
Schmiedeberg, then the most distinguished pharmacologist in Europe.
After acting fortwo years as assistant to Schmiedeberg, he was invited
to succeed J. J. Abel in the chair of Pharmacology at Ann Arbor. Iere
he remained until 1905, when he returned to England to become the
first occupant of the chair of Pharmacology at University College,
London, and in 1918 succeeded Sir Thomas Fraser at Edinburgh, where
he remained until his sudden death in 1920.

One of his most important contributions to medical science was his
research upon the pathological physiology of the mammalian heart,
and especially his study of the cardiac arrhythmias. These studies
led him to conclude that auricular fibrillation was probably a cause of
certain forms of cardiac irregularities which were seen in the human
subject. As is well known, this theory was later shown to be correct
by studies carried out upon patients by workers in various parts of the
world.

Other outstanding contributions were his study of the action of the
digitalis glucosides, culminating in his monograph, “The Action and
Uses in Medicine of Digitalis and Its Allies,” 1925; his investigations
of the function of the kidney and the action of diuretics, leading up to
the critical summary, “The Secretion of Urine,” published in 1917,
His quantitative study of the action of the optical isomers was made the
subject of the Dohme Lectures, delivered at Johns Hopkins University
in 1925, under the general title, “Biological Relations of Optically Iso-
meric Substance.” Apart from these major interests, he made a large
number of important researches covering a wide field of pharmacological
inquiry, as shown by the bibliography which appeared in the Journal
of Pharmacology and Expertmental Therapeutics (27, 265, 1926).

Dr. Cushny possessed to an unusual degree a constructive and original
mind with balanced and critical judgment. These qualities added to
his unswerving love and pursuit of truth, the breadth and accuracy of
his knowledge, and his power of gaining the affections of his fellow
workers all over the world, made him one of the most influential figures in
the great advances of pharmacology in the first quarter of the twentieth
century.
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A TEXT-BOOK OF PHARMACOLOGY.

INTRODUCTION.

PrarMAcoLoGY is the study of the changes induced in living organ-
isins by the administration in a state of minute division of such un-
organized substances as do not act merely as foods. Many of the best
known of these substances are used to counteract the effects of disease,
or to reinforce the tissues in their struggle to maintain their functions,
when these are rendered abnormal. These substances are known as
drugs, and the art of applying drugs in disease is termed Therapeutics.
Other substances may be of no value in disease, but are of importance
because they act as poisons, that is, cause dangerous or fatal symptoms
in man or animals when they are ingested in quantity. The practical
study of the effects of these poisons in man—the diagnosis and the
treatment of poisoning, and the methods of detecting the poison—is
termed Toxicology. But the description and explanation of the symp-
toms induced by chemical substances belong to the field of pharmacology,
whether these substances be drugs or poisons. It is indeed impossible to
distinguish between drugs and poisons. Most remedies given in excess
cause toxic symptoms, while many poisons are valuable remedies in small
doses. Further the actions of many substances are investigated which
may never conie to be used medicinally as “drugs” but such investigation
forms an essential part of pharmacology.

Active agents are formed within the body but the study of them belongs
in the first place to the domain of physiology, so long at least as they are
not introduced from without. Here no distinct borderline exists be-
tween physiology and pharmacology but the scope of their territories
may be illustrated by the position of a substance like epinephrine.
Epinephrine is a hormone manufactured by the suprarenal gland and the
effects produced by this internal formation of epinephrine constitute a
part of physiology, a science which deals with the life of the normal or-
ganismn. Epinephrine may, however, be artificially prepared or syn-
thesized and administered medicinally in doses which may produce
concentrations in the blood different from those which occur normally
in the body. So used, it becomes a “drug.” Conversely, acetyl-choline
was first studied as a pharmacological agent but has later become of
physiological importance from its occurrence and activities in the body.
It is especially true of the hormones and of various salts that occur in the
body that they come under the domains both of physiology and of
pharmacology and the relative importance of a substance to one or
other of these sciences may alter with advance in knowledge.

Pharmacology is related equally closely to biochemistry. Thus the part
played by vitamins in the normal economy of the organism can be
regarded as the immediate concern of biochemistry as that science is now

(11)



12 INTRODUCTION

usually defined. On the other hand, cod-liver oil had appeared in our
pharmacopceias as a ‘“drug,” before its value as a source of vitamins
was discovered, and now other preparations containing vitamins appear
in pharmacopeeias or “official lists of medicines.” Some brief account
of vitamins is therefore, usually included in books on pharmacology.

Similarly the borderline between pathology and pharmacology is
sometimes indistinct. Pharmacology may be regarded as the study of
the organism rendered abnormal by drugs, while pathology is the study
of the organism rendered abnormal by disease. Many of the features
of disease are now recognized to be due to the presence of unorganized
poisons formed in or by the tissues, poisons which may be allied to, or
even identical with, substances used as drugs. Indeed, a substance like
histamine may be regarded, under different conditions, as a physiological,
pharmacological, or pathological agent. The study of bacteria and of
the toxins produced by them belongs primarily to bacteriology. Bacterial
toxins are however, related to vegetable toxins, such as ricin, which is
obtained from the seeds of Ricinus communis, which have long appeared
in pharmacopceeias. Now that vaccines and antitoxins have found a
place in pharmacopceias as remedial agents, some brief reference to
them is of convenience in a book on Pharmacology so that the student
may have all official remedies simultaneously under review.

Pharmacology is in fact really a department of biology very closely
related to other sciences which may be included by that term. It is
neither possible nor advisable that the boundaries of these allied sciences
should be too strictly limited. Consequently, though in the great
majority of cases there need be little hesitation in deciding whether or
not a substance is a ‘“‘drug” and should therefore come under the scope
of pharmacology, there is unavoidably some overlapping, and some
account must here be given of remedial agents which would not be
regarded as ““‘drugs” in the ordinary sense.

The great interest of pharmacology does not lie in its purely bio-
logical aspects, however, but in its relation to the treatment of disease.
As long as we are ignorant of how a remedy acts in any disease, the
treatment is purely empirical; when the mode of action is understood,
much greater accuracy can be attained in the treatment. The object
of pharmacology is to provide a scientific foundation for therapeutics
and to increase the resources of the art of healing. The exact way
in which a drug changes the diseased condition can often be followed
only imperfectly in man, and recourse must be had to experiments on
healthy or diseased animals to elucidate the principles on which it
should be employved. In addition, the experimental investigation of
new chemical bodies has very frequently demonstrated properties which
are of therapeutic value; alnost all the new drugs introduced in the last
half-century have found their way to the wards through the experimen-
tal laboratories.

Pharmacology is one of the most recent developments of medical and
biological science. It is true that from the earliest times attempts
have been made to explain the effects of drugs on the then prevailing
theories of pathology, but the objective study of the action of drugs on
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the organism has been almost entirely developed since the middle of the
nineteenth century. The study of drugs was termed Maferia Medica
up to this time, and comprised an examination of their botanical and
chemical properties along with some account of the diseases in which
they had proved of value. This descriptive rather than experimental
study has been continued under the name of Pharmacognosy, but is
now pursued chiefly by pharmacists. Undoubtedly the student of medi-
cine ought to know those characters of drugs which are of importance
in modifying their action and application, but it is undesirable that his
valuable time should be occupied in the detailed description of crude
substances, which he may probably never have an opportunity of seeing
in his future practice.

Another subject which now occupies a much less prominent position
in medical study than formerly is I’harmacy, or the art of preparing
drugs for therapeutic use. Some gencral knowledge of the methods
used is no doubt indispensable to the educated physician, if mainly as
an aid to prescribing; but the details may be left to the pharmacist.
With the decay of the complex prescription the study of pharmacy by
medical students has become less imperative. The relations of medicine
to pharmacy have greatly changed in recent years. The physician is
dependent upon the manufacturer for his supply of drugs. Many
manufacturers now not only make drugs of established reputation but
seek to discover new remedies, for which purpose thev may have both
chemical and pharmacological laboratories at their disposal. A com-
mercial firm not unnaturally endeavors to recoup itself for the expenses
of preliminary unproductive research by the profits on the sale of a new
drug, which is frequently registered under a proprietary name. The
physician is nowadays liable to be overwhelmed by such new remedies,
some of which are new only in name and others only slight variants
of known drugs. On the other hand, many valuable drugs have been
introduced in this way. The physician must endeavor to assess the
value of therapeutic claims and should make it a rule not to prescribe
substances or preparations of the composition of which he is ignorant.
Modern progress in therapeutics has brought other changes in its train.
Many alkaloids and synthetic compounds are now distributed in forms
which require no manipulation by the retail pharmacist. The practice
of giving remedies by injection is becoming increasingly common, often
necessitating that the preparations be put up by the manufacturer in
ampoules which require no further “dispensing.” This has led to a decline
of individual prescribing and dispensing. This change is perhaps inevi-
table but will have less serious consequences so long as the preparation
which the practitioner prescribes is to him not merely a name but
something with whose composition and properties he is adequately con-
versant.

METHOD OF ACTION OF DRUGS.
Stimulation, Depression, Irritation.— When a cell is affected by a poison,

the extent of its activity is changed but not the kind. In other words,
the effects of drugs are quantitative, not qualitative; the activity of living
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matter may be changed, but the form which the activity assumes is
unchangeable.

Drugs which increase the activity of any organ or function are said
to stimulate it, while those which lessen the activity are said to depress
it. Another condition induced by drugs is trritation, for although this
term is often applied loosely as a synonym for stimulation, the two
conditions are not identical. Stimulation is properly used to indicate
an increase in the specialized function of a cell, producing, for instance,
in the spinal cord an increase in the reflex excitability. Irritation, on the
other hand, is used rather in reference to the changes in the conditions
common to all forms of living matter, that is, it indicates a change in
the nutrition and growth of the cell, rather than in the specialized
functions. Irritation may thus be induced in all kinds of tissues and
is the commonest change caused by drugs in the less differentiated
forms, such as the connective tissues and ordinary cpithelia; while
stimulation is met with in the more highly specialized cells, such as
those of the heart, nervous syvstem, or secretory glands In many
instances the irritant action of drugs may be explained by their known
reactions with the proteins of the cell; for example, substances which
dissolve proteins, or precipitate them, or withdraw fluid from them, all
tend to cause irritation when they are applied to living tissues. In
other cases irritation appears to be induced through some action the
nature of which is quite unknown.

When stimulation is prolonged or excessive, the protoplasm gener-
ally becomes depressed and finally loses its activity entirely (paral-
ysis). Some authorities have asserted that depression is invariably
preceded by stimulation, and that stimulation sufficiently prolonged
invariably leads to depression and paralysis. Both statements are too
absolute, although they are true in the great majority of cases. For
example, the action of atropine on the terminations of the cardiac
inhibitory nerves is purely depressant. Even the most minute quan-
tities of this alkaloid never increase the activity of these terminations,
for a quantity too sinall to weaken them has apparently no effects what-
ever, and as the dose is increased, the first effect is depression.

Depression, whether induced directly, or following on stimulation,
has been shown in several instances to resemble the fatigue induced
by the prolonged exercise of the normal organ, and it is probably true
that depression and fatigue are, in all instances, identical in appear-
ance, although not necessarily identical in cause. For example, the
phenomena of fatigue of the terminations of the motor nerves in muscle
resemble those induced by curare, but the fatigued terminations rapidly
recover while the curarized recover only when the poison is elitninated.

In most cases an excessive dose of a stimulating poison leads to
depression and paralysis. The cell becomes functionally dead, but if
the failure of its function does not involve the death of the organism,
it may recover and reassume its ordinary function as if no stage of
inactivity had intervened. Ixcessive irritation, on the other hand,
leads to actual death and disintegration, from which there is no recovery.
For example, the cells of the spinal cord are first stimulated and later
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paralyzed by a large dose of strychnine, but this is not fatal to cold-
blooded animals, and after a few days the spinal cord regains its
normal function, as the poison is eliminated. On the other hand, the
injection of an irritant into the subcutaneous tissues causes structural
changes. If only a small quantity be injected, this condition is recovered
from, although it generally leaves evidence of its presence in the form
of an increase in the fibrous tissue. But if the irritation be intense, the
cells undergo degeneration and die, and an abscess is formed. The cells
thus destroyed can never recover as the paralyzed ones do. They are
either absorbed, or removed by the opening of the abscess, and their
room is filled by the overgrowth of the neighboring tissues.

When the effects of a drug are only temporary and the tissue returns
to its normal activity when the drug is eliminated, the action is said to
be reversible; this is the case for most forms of stimulation and depression
and for mild irritation. When the cells do not recover but have to be
replaced by new growth, the action is trreversible.

Distribution and Concentration.—'T'he distribution of a drug in the
different tissues and organs of the body must influence its action; and
it might be expected that those organs which contain it in largest pro-
portions would show greater changes than others in which it is present in
smaller amounts. But this is found not to be true in many instances;
for example, the liver often contains larger quantities of alkaloids than
any other tissue, yet no symptoms may arise from this organ. The
relative concentration in which a drug is present in the different tissues
thus does not determine the extent to which these are involved in the
action. But if an organ reacts to a drug, the degree of its reaction
depends on the concentration in which the drug is presented to it, and
the problem in therapeutics is very generally to bring up the concentra-
tion in one organ to the efficient threshold without involving other
organs; for example, in chloroform anwsthesia the object is to cause
sufficient concentration in the brain and spinal cord without involving
the heart and respiration.

The concentration of a drug in a cell depends in the first instance on
the concentration in which it is present in the surrounding fluids and
in many cases there seems to be no greater concentration than is in
accord with diffusion, the drug being present in the cell in the same con-
centration as in the fluid. In other instances the drug is deposited in the
cell in some form of combination, chemical or physical, and the diffusion
continues until the cell may contain the whole of the drug and the sur-
rounding fluid is free from it. As the drug is accumulated in the cell it
may finally reach a strength that provokes reaction, but in some in-
stances the drug accumulates in large amount without interfering with
the functions of the cell.

The concentration of a drug in the tissues depends primarily on the
dose given, but this is modified by the rate of absorption and the rate
at which the body frees itself from the drug by excreting it, or changing
it into harmless forms. Small divided doses of a remedy may thus
never cause the same symptoms as the administration of the same
amount undivided. The most striking instance of this is offered in
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an@sthesia, for during an operation of an hour’s duration much larger
amounts of chloroform or ether are taken into the tissues than would
be fatal if inhaled more rapidly; the fatal concentration is not reached
because excretion is going on at the same time as absorption.

Elective Affinity of Drugs. Protoplasm Poisons.—Most drugs have an
elective affinity for certain definite tissues. Thus, some attack the heart
only, others the central nervous system and others the terminations of
the motor nerves in muscle. Among the cardiac poisons again, some act
on the ventricle, others on the auricle, and among the poisons of the
central nervous system, some act primarily on the cortex, others on the
medulla oblongata and others on the spinal cord. This elective affinity
is not merely a question of degree, as is sometimes stated, for a drug
which has a powerful action on the brain may have no effect on the heart
except when administered in such quantities as alter the physical char-
acters of the blood. A drug may even alter different structures in dia-
metrically opposite directions. Thus, atropine depresses certain nerve
terminations, but stimulates the brain; curare, which paralyzes the
peripheral terminations of the motor nerves, stimulates the spinal cord.
In some instances the immunity of a cell to the action of a drug may
perhaps be explained by the latter failing to penetrate into its interior,
but this is not true in all cases.

The fields of activity of different drugs vary greatly in extent. One
may comprise only the terminations of the secretory fibres in the sweat
glands (agaricin), while another, which affects these in the same way,
may involve many other terminations in its action (atropine). Most
poisons, however, while acting on a certain narrow area in small doses,
extend the limits of their activity when larger quantities are ingested.
Thus, a poison which acts in small doses on the medulla oblongata
only, may, when exhibited in larger quantities, involve the spinal cord
and the brain, and in still greater concentration may affect the heart
and other organs. No poison is known that acts equally on all organs
and tissues, but those which have a wide field of operation are often
known as protoplasmic poisons. 'These paralvze any form of living
matter when they are brought in contact with it in sufficient quantity,
but if they are injected into the blood and thus distributed equally
throughout the body, they invariably select some special organs as the
chief seat of their activity. This is exactly parallel to the behavior
of chemical agents in the laboratory. For example, acetate of lead
added to a solution of a chloride, or of a sulphate, precipitates it, but,
added to a mixture of the two, throws down more of the sulphate
than of the chloride. Nitrate of silver, on the other hand, precipitates
the chloride only. Acetate of lead may be compared to the proto-
plasm poisons, nitrate of silver to those with a less extensive field of
action. As protoplasmic poisons affect a large number of different
forms of living matter, it follows that they alter the nutrition rather
than specialized functions.

Local, General and Remote Actions.—The local action of a drug is that
induced at the point of application before it enters the circulation, the
general or systemic action is that due to its elective affinity for certain
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organs to which it is carried by the blood. The local effects are very
often entirely different in nature from the general action, for a drug
may act as an irritant at the point of application and as a depressant
to the brain when it is carried to it in the blood. ILocal effects may
be induced wherever the drug can be applied—to the skin, the alimen-
tary tract, the respiratory passages, and the other mucous membranes.
They also occur in the subcutaneous tissues when the poison is injected
hypodermically, and in any of the deeper organs and tissues which can
be reached by the needle of the syringe. Local remedies may cause
irritation, or may protect the surface from irritation, may depress the
sensory end-organs and cause local anwsthesia, or lessen secretion, or
alter the functions at the point of application in many other ways. They
may also have remote effects, as will be mentioned. Many drugs have
only a local action, because they are not absorbed, are absorbed in
inactive formns, or are excreted or deposited as rapidly as they pass
into the circulation, so that enough is not present in the blood at any
one time to induce general effects.  On the other hand, many powerful
poisons have little or no effect at the point of application, but possess
an clective affinity only for some organ to which they are carried by
the circulation.

Drugs change directly only those organs and tissues with which they
come into immediate contact. But the alteration of one part of the
organism very often entails that of another to which the drug may not
have access, or for which it has no special affinity, because impulses
are transmitted through the nerves, or changes are induced in the cir-
culation and nutrition. Thus irritation of the skin may alter the rate
of the pulse by impressions being transmitted by the cutaneous nerves
and reflected along the inhibitory nerves of the heart. Similarly a poison
that weakens the heart may induce disorder of the respiration, from
the circulation being deficient in the medulla oblongata; and depression
of the brain may lessen the oxidation in the muscles, because it leads to
lessened movewments. These secondary changes, which are not due to
the direct action of the drugs on the organs concerned, are known as
remote or inderect effects.

General Theories of Pharmacological Action.— A number of drugs affect
the organism only through their obvious physical properties, as when an
inert oily body is applied to an abraded surface and promotes its healing
by protecting it from irritation and from the evaporation of fluid, or when
common salt absorbed into the blood changes its osmotic tension, and
thus alters the distribution of fluids in the tissues. On the other hand,
many eflects are due to simple chemzical reactions; for instance, bicarbon-
ate of sodium may be used to neutralize the hydrochloric acid of the
gastric juice, just as it combines with acid in a test-tube, and many of
the effects of oxalates arise from their forming insoluble salts with the
calcium of the tissues. In the great majority of drug effects, however,
no such simple relations as these obtain and the mode of action remains
unknown. This ignorance is not surprising when one considers the
extreme complexity of even the simplest living cell and also the complex
structure of many drugs. One view which has been widely held pos-

2
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tulates that when a drug affects a cell it enters into a definite chemical
combination with the constituent protoplasm, similar to the ordinary
compounds of the chemical laboratory. There are difficulties in many
cases in the way of acceptance of this theory, one of which is that the
same action may be induced by a series of drugs which have no chemical
reactions in common and which therefore cannot be supposed to enter
into the same chemical combination with the cell protoplasm. For
these reasons there has been a tendency to attribute the action of drugs
rather to their physical properties, and there can be no question that
these play a large part in determining the effects; for example, unless a
drug is soluble in the fluids of the body it cannot be absorbed and circu-
late in the blood, and, similarly, unless it is soluble in the cell contents
it may have difficulty in entering the cells. Many drug effects have
been ascribed to this selective absorption alone, a drug acting on all
cells into which it can enter, by changing the relations of the cell con-
stituents in which it is dissolved; but objections have heen raised to this
view which cannot be neglected. (See Meyer-Overton theory of nar-
cosis.) Similarly, attention has heen drawn to the possibility that some
effects may arise from the drugs altering the surface tension of a ccll in
relation to the surrounding fluids. It has been shown that in some cases
in which true chemical combinations were believed to he formed between
cell constituents and drugs, the connection is really of the loose nature
known as ‘“adsorption compounds,” which are best illustrated in the
combination of dyes with fibres (see Ileavy Metals); the formation of
these adsorption compounds is associated with a change of electrical
charge, and some authorities are disposed to attribute some other phar-
macological actions to a similar change in electrical state.  Much evi-
dence has been accumulated to show that a drug may act on the surface
of a cell or may enter the cell and act (or fail to act) on its interior, and
that the effects produced differ in the two cases.  Straub has brought
forward some evidence that certain very powerful drugs act by altering
the cell surface without penctrating into the interior, while others
effect changes only as they penctrate the surface, and lose their efficiency
as they accumulate in the interior. Changes in the intracellular mem-
branes have been suggested by others as an explanation of most drug
effects; it is held that a drug may reduce the permeability of the cellular
membranes by altering their electric charges and thus retard the free
passage of ions which is necessary for full activity; other poisons may
accelerate their movement, and thus increase the activity. From the
present state of knowledge the only legitimate conclusion scems to be
that the activity of drugs depends on a large variety of factors and that
pharmacological action cannot be brought under any one law, either
chemical or physical. The importance of the following points has, how-
ever, been clearly established. The surface membrane of cells shows
selective permeability to drugs, as it does to salts, allowing some to
pass rapidly, others slowly, others not at all. The distribution of
drugs is affected by differential solubility, by absorption, and by chemi-
cal reaction, and the relative importance of these factors varies with
different drugs. In the case of many powerful drugs it has been
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shown that the amount of a drug required to produce a strong action
on a cell is too small to form a monomolecular layer over the whole
surface. The cell surface cannot, therefore, be pictured as a uniform
structure but rather as a mosaic, and a drug may react with a few mole-
cules on the cell surface and so alter its activities by changing its surface
pattern. Summarizing the evidence Clark! concludes that the simplest
possible conception of the action of most potent drugs is that they unite
with certain specific receptors (in or on the cells) which may form only
an insignificant part of the surface. The action of a drug on any cell
involves at least two separate processes, namely a chemical reaction and
the biological response to this reaction. The time relations of these
two processes vary in the case of different drug actions. It must also
be remembered that a drug may produce a powerful action without
excrting any direct effect on the cell in the ordinary sense. Ifor example,
many if not all of the actions of physostigmine can be explained by its
inhibiting the esterase which destroys acetyl-choline in the tissues.
Chemical Constitution and Pharmacological Action.—In 1868 Crum
Brown and Fraser published their classical paper on the relation between
chemical constitution and pharmacological action and since then con-
tinuous attempts have been made to develop and extend their original
conceptions. It was supposed that, if the action of a drug is due to a
chemical combination between it and the tissues, substances of a similar
chemical structure would have similar physiological actions, and in this
event the action of a drug might to some extent be foretold from a con-
sideration of its structural formula, provided that the action of similar
compounds was already known. For example, methyl, ethyl and propyl
alcohols resemble one another closely in their physiological actions, and
it might be predicted that butyl and amyl alcohols would act similarly.
In point of fact they do, and the pharmacological action of this series of
alcohols is, so far, apparently related to their chemical composition.
Moreover when the toxicity of this series of alcohols was carefully inves-
tigated, it was found that there is a progressive increase in acute toxicity
as one proceeds from the lowest to the highest member of the series. It
might be predicted, therefore, that alcohols higher than amyl aleohol
might be progressively more toxic, but as a matter of experience these
proved to be harmless because they became insoluble in the fluids of the
body. This result is typical of one way in which the attempt to correlate
physiological action and chemical constitution breaks down in detail,
because an alteration in the physical properties of a substance may en-
tirely alter its physiological action, though its type of chemical struc-
ture remains the same. Resemblances in action may in fact, depend
upon some physical property which is common to a group and which
has a more immediate bearing on their action than the actual structure;
and wherever an attempt is made to follow the relationship between
chemical composition and pharmacological action in detail, the analogy
may break down because factors which it is impossible to deduce from
the chemical structure or formul®, intrude themselves. Also, side

1 Clark, 4. J. Mode of Action of Diugs on Cells, Edward Amnold & Co, 1933, and
‘‘General Pharmacology,” Handbuch der exp. Phaimakologie, Springer, Berlin, 1937.
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actions which do not admit at present of chemical explanation, may
appear in one member of a chemical group and be ahsent in another.
For example, methyl alcohol, though less poisonous from the point of
view of minimum lethal dose than ethyl alcohol, has a highly toxic action
on the optic nerve which is not displayed by ethyl alcohol.

Though it is impossible in the present state of knowledge to determine
with any certainty the pharmacological action of a drug from a mere
consideration of its chemical structure, yet in many cases it is found that
substances of closcly related structure do exert similar pharmacological
actions, and this fact is of great importance in the discovery of new drugs.
For example, the discovery of the exact chemical structure of epinephrine
led to the synthesis and pharmacological investigation of a large number
of related compounds, many of which resemble epinephrine in action,
and general conclusions could be drawn as to the type of compound
which is likely to exert an action similar to epinephrine.!

An interesting branch of this problem has been the investigation of
optically isomeric substances.> It was found, for example, that I-hyos-
cyamine is twice as powerful as dl-hyoscyamine (atropine) and that
the leevo compound is twelve to twenty times as active as the dextro
compound. Optical rotation in this case, and in most cases, markedly
affects physiological action. Usually but not always, the levo com-
pound is the more active of the two. In such directions important
advances have been made in correlating structure and action, and pos-
sibly such advances may lead farther with the growth of biochemical
knowledge.

Pharmacological Syndromes.—Claude Bernard showed that the motor par-
alysis produced by curare is due to an action on the nerve ends in voluntary
muscle and that this action is exerted on all voluntary muscles in a manner qual-
itatively alike. This discovery suggested——what was not a self evident truth—
that a drug which acted on the nerve ends in one voluntary muscle would act
similarly on the nerve ends in all other voluntary muscles. On the assumption
that curare acts upon some specific chemical receptor, it follows that there is a
chemical uniformity in all such nerve ends and that they all possess the specific
chemical receptor upon which curare acts. Subscquent research has extended
the value of this conception. Thus a great variety of effects may be produced
by epinephrine, all of which are due to its stimulating sympathetic nerve ends,
and the fact that epinephrine acts upon all sympathetic nerves is hardly expli-
cable upon any other hypothesis than upon the existence of some common
chemical factor in sympathetic terminations in different organs. Such a group
of pharmacological actions which are subserved by a common type of physio-
logical mechanism and may be presumed to be due to a common chemical reac-
tion between the drug and the tissues may be regarded as a “homogenous syn-
drome,” however varied the resulting biological responses may be.

There is, further, evidence that pharmacological actions may run in groups
when no such single chemical explanation can at present be given. Thus acetyl-
choline acts in a particular way on nerve ends in voluntary muscle, on para-
sympathetic nerve ends and on autonomic ganglia. What is more remarkable
is that certain other drugs not necessarily related chemically to acetyl-choline
act in the same way on the same three sites. This group of actions which tend
to run together may be called a heterogenous syndrome, and, again on the
assumption that pharmacological action depends upon interactions of the drug

1 Barger and Dale. Jour. Physiol., 41, 19, 1910.
2 Cushny. Biological Relations of Optically Isomeric Substances, Baltimore, 1926.
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with a specific chemical receptor; such a “heterogenous syndrome” suggests that
at least one such receptor may be common, not only to all nerve ends in volun-
tary muscle but also to parasympathetic nerve-ends and to autonomic ganglia.

There is some evidence that a similar conception may afford an explanation
not only of specific actions but even of the action of drugs which have hitherto
been regarded as ‘‘general protoplasmic poisons.” Thus quinine produces a great
variety of pharmacological actions, on the circulation, on voluntary and invol-
untary muscle, on the central nervous system as well as on less specialized
protozoa. This has no immediate significance for the study of syndromes
because, with an alkaloid of such complex structure as quinine, the action on*
the nervous system might be due to one grouping in the molecule and the
action on muscle to another.

The problem is significantly advanced, however, when it is found that another
alkaloid, harmine, which has no known chemical resemblance to quinine, pro-
duces the same complex series of cffects. In fact, the production of a similar
group of actions by two chemically unrelated substances is diflicult to explain
upon the present theories of pharmacological action unless upon the assumption
of a common receptor occurring in all the varied tissues upon which the two
alkaloids act. This conception of heterogenous syndromes has a two-fold provo-
cative value. From the point of biochemistry it suggests that, in spite of the
differences—structural, functional and chemical—between different tissues, a
particular receptor may nevertheless occur in different tissues and that, sub-
stances whether chemically related or not, which happen to combine with this
receptor will produce the same group of pharmacological effects. From the
point of pharmacology it is of value in facilitating investigation, for the discov-
ery of a particular action on one organ may prompt the search for a whole group
of actions. This is already a commonplace in pharmacological investigation of
homogenous syndromes. The possibility of the occurrence of heterogenous
syndromes has hardly yet been exploited.!

Chemotherapy. —This term has become associated with the specific
treatment of infections by artificial remedies.2 Specific remedies, for
example quinine in malaria, have been known for centuries. When the
parasitic origin of this disease was discovered, the remedial action of
quinine was ascribed to its toxic action on the malarial parasite, whereby
the actual cause of the disease was destroyed.

The parasite in question is a protozoal organism, which at one stage
of its history inhabits the blood of man and gives rise to the symptoms
of malaria. It is distantly related to the white blood corpuscle. When
quinine is given in malaria, the alkaloid circulates in the blood and tis-
sues, all of which, including the parasite, are equally exposed to the
action of quinine. For quinine to be a practical remedy it was necessary
for it to exert a more powerful action on the parasite than, for example,
on the white blood corpuscles; otherwise they would be killed by the
same concentration of quinine. It was also necessary that a toxic
-action on the parasite should be exerted by a concentration of quinine
insufficient to damage seriously any tissue of the patient. Quinine
fulfils this condition sufficiently well for it to be of practical use, though
it is not an ideal remedy because it may produce undesirable symptoms
in man when given in a dose sufficient to be effective in killing off the
malarial organism. Cinchona bark contains a large number of alkaloids,
more or less closely related in chemical constitution to quinine. These

! Gunn. Arch. Internat. d. Pharm. et de Thér., 60, 386, 1935.
? Dale. Brit. Med. Jour., ii, 219, 1924.
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other alkaloids have also been tried in malaria to see whether they were
superior to quinine for this purpose.

This is one type of chemotherapeutic investigation, the deliberate
search for a remedy for an infection from a group of nearly related chem-
ical compounds one of which is known to have a specific action in the
disease in question. It would seem that the word “specific”’ as applied
to therapeutic agents had come to acquire vaguely a double meaning.
The remedy is specific in the sense that it has a more powerful action on
the parasite than on the tissues of the host; it is frequently also specific
in the sense that usually a remedy has a much more powerful action on
one particular pathogenic organism than on other, often nearly related,
parasites. - -

Not only a great impetus but a new orientation was given to investi-
gation of this kind by the genius of Ehrlich, of whose brilliant work in
this connection only a brief account of one example can be given here.
It was known that many diseases in man and lower animals were due
to infection by organisms of the type of trypanosomes. It had also been
discovered that an organic compound of arsenic, atoxyl, had some cura-
tive action in diseases of this type. But atoxyl, in the doses required
to exert a curative action, was very poisonous, often producing serious
effects, such as blindness.

Ehrlich prepared and investigated a whole series of organic arsenical
compounds with a view to discovering one which would be more curative
and less poisonous than atoxyl—one which would be, in his nomen-
clature, niore parasitotropic and less organotropic. Eventually he dis-
covered one, 606, also known as salvarsan and arsphenamine, which
proved to be superior, as a remedy for syphilis, to any remedy previously
available. It was also curative in some allied diseases but it was of little
value in sleeping-sickness. The quest has gone on since Ehrlich’s early
work, for arsenical compounds which should be less toxic even than
arsphenamine and which should be more efficacious than arsphenamine
in some forms of trypanosomiasis. Thus new compounds have been
introduced, and there is every reason to suppose that further improve-
ments in therapeutics will continue to result from this alliance between
synthetic chemistry and experimental pharmacology.

Two factors, especially, are necessary for chemotherapeutic investiga-
tion. The first is directed chemical research, whereby new compounds
modified in certain directions can be made available for pharmacological
investigation. The second is the production of a disease in the lower
animals. If, as is the case with trypanosomes, a disease can be repro-
duced in small animals like rats and mice, a large number of controlled
experiments can rapidly be carried out. Thus a preliminary knowledge
can be acquired as to whether the drug is likely to have a curative action
in a particular infection, as to what are its toxic or undesirable actions
and what would be an approximate dosage. The final test of its value
in a corresponding disease in man must be done on man himself.

The original conception of the value of a specific remedy being based
upon a ratio between its toxicity for a pathogenic organism and its
toxicity for the tissues of the host, has required considerable modifica-
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tion in the light of later investigations. It has been found for example,
that a drug which is curative in a disease due to a particular parasite
may have no obvious action on this parasite 7n vitro. Moreover while
it may cure one species of animal infected with a particular parasite,
it may fail to cure another species infected with the same parasite. For
these and other reasons, some of which will be mentioned in the section
on organic arsenic compounds, it has become abundantly manifest that
cooperation of the tissues of the host plays an important part in the
curative action of most, if not all, specific remedies.

CONDITIONS MODIFYING THE EFFECTS OF DRUGS.

The effects of drugs on the living organisin are subject to some modi-
fications in certain individuals and under some conditions, which it
is of importance that the physician should recognize, as the dose has
to be altered when they are present.  One of these is the Size and Weight.
If the same amount of a poison be distributed through the tissues
of a large individual as of a small one, the concentration is lower in
the organs of the former and less effect is therefore observed. This
has heen ascertained chiefly in aniimal experiment, in which the effects
of drugs can be estimated much more exactly than in man, but it un-
doubtedly holds good for human beings also. Very large individuals,
then, require a somewhat larger dose than ordinary persons, while in
treating individuals of small stature, the dose has to be reduced.

The Age of the patient has also to be taken into account in preserib-
ing. Children ought to receive much smaller doses than adults. The
more powerful action of drugs in children is due mainly to their smaller
size, in part to the more active growth of certain tissues and to the
less complete development of others, such as the central nervous sys-
tem.  The dose for a child is generally caleulated according to Young's
formula, in which a fraction obtained by dividing the age by the (age
+ 12), is taken as the proportion of the adult dose required; thus, for
a child of four years, the dose would be (4 i ]2=) L of the adult dose;
or more simply according to Dilling's formula, in which the fraction of the
adult dose is -

Neither Young's formula nor any of the others which have been
devised in its stead is to be regarded as more than a very general approx-
imation, to which there are many exceptions. For example, the nar-
cotics, particularly opium and its preparations, must be given during
the first year of life in much smaller quantities than are indicated by
Young’s rule, while alcohol may be administered in comparatively large
doses.

The usual dose advised may be taken as that suitable for an adult of
twenty to sixty yecars. After this age is passed, it is again reduced some-
what. "There are exceptions to this rule also, large doses of the purga-
tives, for example, being often necessary in old people. Where great
accuracy of dosage is necessary, the dose may have to be given per pound
or kilogram weight of the body.
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Sex.—Women generally require somewhat smaller doses than men,
because of their smaller size. It is often stated that their tissues also
react more strongly to drugs, but this is certainly not a general rule.

Temporary conditions also influence the activity of drugs. Thus,
after a meal, a drug is absorbed more slowly than when it is taken
fasting, and any local irritant action is also less marked, because the
drug is diluted by the contents of the stomach. Affections of the stomach
and intestine may also modify the effects of drugs; little absorption
occurs in the stomach except of drugs that are soluble in oils and lipids,
and if the movement of the stomach is lessened or any spasm of the
pylorus is present, they may reach the absorbing mucous membrane
of the bowel more slowly and thus their effects are retarded or slight;
irritant drugs naturally cause more disturbance of the stomach in these
cases. Vomiting and diarrheea, of course, tend to lessen the action of
drugs by removing them rapidly from the alimentary canal.

During pregnancy, purgatives have to be used with great care, because
they may induce congestion of the pelvis, and lead to miscarriage.
Drugs acting on the uterus, or inducing a marked fall of blood pres-
sure, are to be avoided because the former may cause the evacuation of
the uterine contents, while the latter may lead to asphyxia of the foetus.
Many drugs pass from the mother to the child, and this is to be borne
in mind, as quantities which are insufficient to poison the former may
have more serious eflects on the latter. During lactation, it is impor-
tant to remember that active bodies may be excreted in the milk, and
may either act on the child or render the milk distasteful to it. In
menstruation, purgatives are to be avoided, as they tend to increase
the flow, and all very active drugs are to be used with care or aban-
doned temporarily.

The Time of Administration has also some influence on the effects of
drugs. The body is generally more resistant in the morning than in
the evening, especially in the case of narcotic drugs; thus a dose of a
soporific which may have little or no effect in the early hours, induces
sound sleep when given in the evening, partly because the brain is al-
ready fatigued and depressed, but also because the action of the drug
coincides with the normal time for sleep.

Idiosyncrasy is used to denote an unusual or peculiar reaction to a
drug. Some persons react more readily than usual to the ordinary dose,
while in other instances a much larger quantity can be taken without
any effect. Others, again, show symptoms which are entirely different
from, and which may, in fact, be diametrically opposed to those ordin-
arily observed. These idiosyncrasies are naturally more frequently
seen and are better known, when they arise from widely used drugs.
Thus the modern antipyretics have so often .induced abnormal symp-
toms that these are well known, but it is not improbable that if other
drugs had been used, or rather abused, to the same extent, they would
be found to induce unusual reactions in an equally large number of
individuals. An idiosyncrasy usually cannot be explained in the present
state of knowledge, but some conditions which have been termed idio-
syncrasies are probably due to abnormally rapid, or to retarded, absorp-
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tion or excretion. ldiosyncrasies are not confined to human beings, for
not infrequently one animal reacts quite differently from others of the
same species.

As has been mentioned, one form of idiosyncrasy consists in the
failure of the individual to react to the ordinary dose of a drug. This
is known as Tolerance,! and this particular form of idiosyncrasy may
be termed congenital tolerance. Clertain species of animals tolerate
quantities of drugs which would be fatal to others of the same size.
In fact, so frequently is this the case that it is impossible to determine
the fatal dose of any drug on an animal from experiments performed
upon others of a different species, even though it be nearly related.
One of the most remarkable examples of this form of tolerance is met
with in the hedgchog, which resists large doses of many very active
poisons. Another well-known example is the tolerance of the rabbit
to large quantities of atropine.

A form of tolerance which is a matter of everyday observation is that
induced by the prolonged use of a drug, which has been called acquired
tolerance, or mithridatism, from the tradition that Mithridates pro-
tected himself in this way from the danger of poisoning. The most
familiar example of this form of tolerance is that acquired for tobacco
(nicotine); the first cigar often induces violent poisoning, but if a habit
be formed, considerable amounts of nicotine may be absorbed without
apparent harm, because the tissues become accustomed to the presence
of small quantities of nicotine, and thus fail to react to it. Nicotine,
in fact, becomes a normal constituent of the tissues. 'This tolerance
is entirely different from the immunity induced by toxins (see Toxins),
and it is desirable that the two terms should be kept distinct.

An important form of tolerance is the resistance developed by trypano-
somes and other parasites for certain drugs (see Organic Arsenic Com-
pounds).

Very often while some tissues acquire tolerance for a poison, others
fail to do so, and either react in the same way as before or may suffer
from the prolonged use of excessive quantities; for example, although
after prolonged use morphine loses its action on the brain, so that large
doses have to be given to relieve pain, tolerance is less developed in the
bowel, so that constipation continues to be induced by smaller amounts;
similarly in a dog tolerant to morphine, the cardiac inhibitory centre
retains its sensitiveness to it. Some animals fail to develop tolerance
for certain drugs; for example the rabbit remains sensitive to morphine
after prolonged treatment. It is to be noted that tolerance is soon lost
if the drug be discontinued for some time. This is of great importance
in cases of opium-cating, for a person who has taken opium for a long
time acquires a tolerance for the drug, so that sometimes enormous
quantities are required in order to induce the ordinary effects; but if
the habit be discontinued for some time, the tolerance is lost, and a dose
which would formerly have had little effect may now induce dangerous
poisoning. 'The prolonged use of one drug may establish tolerance for
others of the same class. Thus chronic drunkards become less sensitive

! Gunn. Physiol. Rev., 3, 42, 1923.
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to large quantities of alcohol, and are also more resistant to the action
of ether than ordinary persons, this being due to the fact that ether
and alcohol act on the same nerve cells in the same direction, and
probably induce the same changes in the protoplasm.

In some instances when tolerance is established for a drug, it is
found that the tissues destroy more of it than previously (morphine and
alcohol), or excrete it more rapidly, as is said to occur under atropine
in some animals, or perhaps absorb it less readily (arsenic). The drug thus
never reaches the same concentration in the tissues and the absence
of action is thus partly explained. In addition to this, however, the
organs normally affected become less susceptible to the drug; for though
in morphine tolerance much more is destroyed than in normal persons,
enough remains in the blood to cause deep narcosis in ordinary people,
yet no symptoms are induced in the patient.

The Cumulative Effect of drugs is another phenomenon caused by
their continued ingestion. Small doses of certain drugs taken repeat-
edly for some time eventually cause symptoms which are much more
marked than those that follow the first dose. This scems due to the
accumulation of considerable quantities in the tissues. The absorption
may be more rapid than the excretion, and each new dose thus adds to
the total quantity in the blood and organs more than is lost in the same
time by excretion. The classical example of cumulative action 1s that
of digitalis, but it is much more frequently induced by such drugs as
mercury, arsenic, or the iodides, for the so-called chronic poisoning
induced by these is really an example of cumulative action. Another
form of cumulation is said by Straub to occur in chronic lead poisoning;
here the symptoms appear to arise not from the poison collecting in
the tissues until it reaches an efficient concentration, but from the cumu-
lative effect of continually repeated injuries from the presence of lead,
though these injuries are individually too slight to be noted.  Cumula-
tive action may occur along with tolerance, as has been stated.  Thus
the tolerance of certain tissues for nicotine does not protect others from
the effects of the abuse of tobacco.

Synergists.—The presence of another drug having the same ellccts
in the body often increases the action of a remedy to an unexpected
extent. This is the ground for the prescription of several remedies
acting in the same way. For example, several purgatives prescribed
together often act more efficiently than any one given in quantity
equal to all of them. This is easily explicable upon the assumption
that, although all are alike in their chief features, they differ in the
details of their reactions, so that parts of the alimentary canal which
might escape one are aflected by another, and the mixture thus acts
more universally than any one of the components. Other examples
of synergism are offered by the narcotics, for it has been shown
that a mixture of morphine and chloral, for example, is more efficient
than either administered alone in larger dose. Another recent ex-
ample is offered by the use of mercury and arsenical compounds in
syphilis, which act better together than when either is used alone. The
importance of synergism is often exaggerated, but in some examples
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the increased activity of ome drug in the presence of another is
remarkable.!

On the other hand, a drug may fail to elicit any symptoms if an
antagonistic substance is present in the body. Thus in cases where
a powerful nervous depressant, such as chloroform, has been inhaled,
strychnine may have little or no effect on the spinal cord in doses
which would normally increase the reflexes to a marked extent. In
the same way, if the terminations of the inhibitory fibres of the heart
are paralyzed by atropine, a poison which normally slows the heart
by stimulating these terminations will have no effect in the usual doses.

Similar modifications of the effects of drugs may be induced by
poisons formed by pathological changes in the tissues, or by an unusual
state of irritation or of depression of the tissues themselves. For
example, the excitable uterus of pregnancy may react by contraction
to certain drugs which excite both the motor and the inhibitory nerves
and which in the more inert non-gravid organ cause relaxation. Simi-
larly, in hot weather and in tropical climates, purgatives are found more
efficient than in colder climates, because the mucous membrane is more
irritable than usual, as shown by the frequent occurrence of diarrhcea
without drugs. In the same way when an antagonistic poison is
formed in the tissues in the course of a disease, a drug may have little
or no effect.

Pathological conditions often modify the effects of drugs to a very
considerable extent, and in a way which cannot be explained at present.
For example, the antipyretics reduce the temperature in fever, but have
no effect on it in health; the bromides lessen the convulsions in epilepsy,
but have much less effect in depressing the brain in normal persons.
The question may therefore be raised whether the examination of the
effects of drugs in normal animals is of much value in indicating their
therapeutic action. But in reply it may be said that in a large number
of instances drugs are given, not in order to act upon the diseased tis-
sues, but upon healthy ones. The object of the therapeutist is very
generally not to restore the diseased tissue but to relieve it from work,
and to allow it rest so as to promote its restoration by nature. For
instance, in diseases of the cardiac valves, drugs are given, not with the
object of restoring their integrity, but to act upon the healthy heart
muscle, and to obviate the disturbance of the circulation which is
caused by the destruction of the valves. So that usually drugs are given
to act on normal tissues, or on tissues which are so little affected by
disease that they react to remedies in the same way as the normal.
Actually the response of a tissue in a pathological condition may not
differ much {from that of a normal tissue; for example, the exsected
human appendix may show almost normal spontaneous movements and
respond normally to drugs when it is in a condition of severe inflam-
mation.2  In other cases the action of drugs on diseased tissues or on

1 Fuhner. Arch. f. exp. Path. u. Pharm., 82, 51, 1917.
2 Gunn and Whitelocke. Brit. Jour. Surg., 2, 92, 1914.
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the causes of disease may be investigated by inducing the disease in
animals, as has been done very largely in recent years in various infec-
tious diseases. (See Chemotherapy.)

METHODS OF ADMINISTRATION.

Drugs are applied for their Local Action to the skin, to the mucous
membranes of the alimentary, respiratory, and genito-urinary tracts,
and to the conjunctiva and cornea. Even deeper tissues and organs can
be treated locally by the injection of remedies into them. The objects
of local medication are very diverse, and can be treated of only in con-
nection with the individual drugs. The methods of application are also
so numerous that only a few of the chief can be mentioned. Drugs
intended for application to the skin are often formed into salves or
ointments (unguenta) by mixing them with oily or fatty substances,
which adhere to the skin and do not dry up, and which, in addition to
serving as a means of applying an active substance, protect the surface
from the air and from irritation. Other preparations for application
to the skin, such as the plasters (emplastra), resemble the ointmnents in
their general characters, but also give mechanical support and bind
surfaces together from their being spread on paper or cloth, which thus
serves as a flexible splint. The collodions and cerates resemble the
plasters, the oleates the ointments. In addition to these special prepara-
tions, drugs may be applied to the skin in solutions, or as powders, or
solid masses may be used to cauterize it.

The methods of applying drugs to the alimentary tract and to
the lungs for their local action are for the most part similar to those
used for drugs which are intended to be absorbed. The mouth and
throat may be washed out with solutions, which are gargled (gargaris-
mata), or may be treated with powders, or lozenges (trochisci), which
are slowly dissolved and thus permit of a more prolonged and constant
action in the mouth than is possible if the drug be swallowed imme-
diately. The nose may be washed out with solutions of active drugs,
or powders may be drawn into the nostrils as snuffs; the latter often
cause sneezing, and are sometimes known as sternutatories, or errhines.
The larynx may be treated locally by the application of powders or
of very small quantities of fluids by the aid of the laryngoscopic mirror
and probe. Solutions are generally used for application to the con-
junctiva, but a more permanent effect can often be obtained from oint-
ments, lamelle, or powders which are less liable to be washed away
by the tears. The urethra, vagina and uterus are treated by the injec-
tion of solutions, or by ointments and powders. Bougies, which are
occasionally advised, are formed by incorporating an active drug in
some substance which is solid at ordinary temperatures, but melts
when introduced into the organ and allows the drug to come into
contact with the surface. The rectum may similarly be treated by the
injection of drugs in solution or suspension (enemata), or by the use
of suppositories. Drugs are not infrequently applied by the rectum
in order to elicit their action after absorption, but much oftener for
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their local action on the bowel. Enemata may be either large (a pint
or more) or small (2-5 cc., 3-1 fl. dr.). The large enemata are used
either to wash out the intestines, and may then contain an antiseptic
or astringent, or to induce peristalsis and evacuation of the bowel,
when they are made up of water with or without soap or other slightly
irritant substances. The small enemata are used chiefly to induce
evacuation, and contain more irritant substances, such as glycerin
alone or along with some more active body. Suppositories are usually
formed of cacao-butter, which is solid at room temperature, but melts
at the temperature of the body.

Drugs whose General Action is to be elicited after their absorption
are given by the mouth, except when some special character in them
or in the disease renders some other method preferable. They may be
given by the mouth in solution in water, alcohol, oils, or other more
or less indifferent bodies. The disagreeable taste of many remedies,
however, often precludes this method, and these may be ordered in the
form of pills, or in capsules, which are formed of gelatin or similar
substances and arc dissolved in the stomach and intestines. Very
often the disagreeable taste may be concealed by the addition of sugar,
or of some strongly tasting hut agreeable body, such as a volatile oil.
Insoluble drugs may be given as powders, as they have little or no
taste. Dowders are also used as a means of administering soluble
drugs, if they have not a disagreeable tastc and have no marked local
action, but very deliquescent drugs should not be given in this form.
Insoluble drugs are sometimes ordered in suspension in mucilaginous
fluids; and oils, which are distasteful to many people, may be given
mixed with water and gums (emulsions).

The rate of absorption from the alimentary canal varies greatly
with different drugs and also with the form in which they are adminis-
tered. The first point will be treated of in connection with the indi-
vidual drugs. As regards the second, it may be stated that drugs are
more rapidly absorbed when they are swallowed in solution, and that,
when much inert and insoluble matter is associated with them, their
‘absorption is much retarded. This fact is taken adv. antage of in practice
hv g]\mg drugs in solution when rapid ahsorption is desirable, and by
glvmg less pure forms when the local action on the stomach and bowel
is to be elicited. The more concentrated the solution, the greater is
the irritant action on the stomach, and thus where irritation of the
stomach is desired, either the solid drug or a strong solution is given;
but as a general rule the local action on the stomach is to be avoided,
and drugs are thereforc ordered in as dilute solution as is possible
without increasing the bulk to too great an extent. It is to be noted
that drugs which are insoluble in the test-tube may be rendered soluble
by the action of the gastric and intestinal juices, while many which are
given in solution are precipitated by the proteins in the stomach.

Drugs absorbed from the stomach and intestine are carried to the
liver hefore reaching the general circulation, and this is of great impor-
tance in determining their effects in the body, as some of them are
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retained in that organ, and are either entirely destroyed or escape so
slowly that they have no perceptible effect.

Drugs are occasionally introduced into the rectum so as to obtain
their general action. The local effects on the stomach are thus avoided
and some of the drug reaches the circulation without passing through
the liver; morphine and opium are sometimes so administered. Drugs
are absorbed more slowly from the rectum than from the small intestine
but absorption may begin sooner than when a drug is given by mouth,
as in the latter case the drug may be delayed in the stomach.

Another important method of administering drugs for their general
action and also for their local effects is by inhalation into the lungs.
Only volatile drugs can be used thus for their general action. They are
absorbed very rapidly, owing to the extensive surface to which they
are applied, and also because volatile substances penetrate the tissues
more readily than others. The best examples of inhalation are offered
by the general anwsthetics, chloroformm and ether. Most substances
absorbed by the lungs are also excreted by them, and this leads to an
important practical point in regard to the angsthetics. Tor the passage
of gases or vapors through the lining epithelium of the alveoli depends
in most instances upon their partial pressure, that is, upon their con-
centration in the air and blood respectively. Accordingly, when the air
contains more chloroform vapor than the blood, the ansthetic passes
into the blood, but as soon as the condition is reversed, and the blood
contains more chloroform than the air of the alveoli, it commences to
pass backward. The more concentrated the vapor inhaled, the more
chloroform is contained in the cubic centimeter of blood, and the
greater is the action on the nervous centres and the heart.

Less volatile substances are sometimes inhaled into the lungs for
their local action, and even non-volatile bodies suspended in a spray
or vapor may be thrown into the respiratory passages, but it may be
questioned whether these last really reach the alveoli except in traces.

Drugs are rarely administered by other mucous membranes for their
general effects. An exception must be made of the nasal niicous mem-
brane, which is highly vascular and affords a rapidly absorbing surface.
Especially drugs which are destroyed by digestive juices and so are
ineffective when given by mouth, e. g., pituitary extract, may be ad-
ministered by introduction into the nasal cavity. It must be remembered
that symptoms may arise from the unwanted absorption of a drug
which is being used for its local action; even death has occasionally
occurred, for example, from the absorption of cocaine from the nose or
urethra when it has been applied to these mucous membranes as a local
aneesthetic. Similarly, drugs applied as dressings to wounds or abrasions
have often given rise to severe or fatal poisoning from being absorbed
into the blood.

Drugs are also applied to the skin in order to elicit their general
action. Volatile bodies are certainly absorbed by it, although much
more slowly than by the lungs or by the stomach and intestine. Solu-
tions in water of non-volatile drugs are not absorbed from the skin,
but solutions of certain remedies in alcohol, oils, fats, ether, and some
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other substances which are capable of dissolving or mixing with the
fatty covering of the skin, are absorbed fairly rapidly if they are rubbed
in thoroughly. This method of application (inunction) has been used
chiefly for the absorption of mercury, as the local action on the
stomach and bowel is thus avoided. (See Mercury.) Alkaloids do not
appear to be absorbed by the skin even when dissolved in oils or alcohol.
The hypodermic method is being more widely used cvery year. By
this method drugs are injected through a fine hollow needle into the
subcutaneous, or, in the case of more irritant substances, into the mus-
cular tissue, where they meet with fewer sensory nerves. Absorption
occurs more rapidly than when drugs are given by the mouth, the local
action on the alimentary canal is avoided, and the physician is more
certain that the whole of the remedy is cffective, provided it is soluble
and is not precipitated at the point of injection. At the same time,
the method has certain drawbacks, the chief of which are the pain of the
injection and the danger of injecting a powerful remedy into one of the
subcutaneous veins. Hypodermic injections should be made only by
the physician or trained attendant. The needle and syringe ought to
be sterilized, and the substance injected should be aseptic. As a general
rule, solutions in water or in dilute alcohol are used for injection, but
the insoluble salts of mercury bave also been injected, suspended in
oil (see Mercury). Irritant drugs are to be avoided as far as possible,
as they cause great pain, swelling and sometimes suppuration or slough-
ing, even when the injection has been carried out aseptically. 1f there
1s any doubt as to the irritant action of a drug, the injection should be
made into muscle (gluteus) as disastrous results have followed from
ignorance of the local action of such remedies as quinine or calcium salts.
Ringer’s solution should be used instead of plain water when possible.
Hypodermic injection is used very largely to elicit the general action of
a remedy, but also for the local effects, as when cocaine is injected in
order to produce local anwesthesia. As the absorption from the subcu-
taneous tissues is usually more rapid than that from the stomach and
intestine, when the drug is in perfect solution, the dose has to be reduced.
Asa general rule, about one-half of the ordinary amount is sufficient.
Deeper injections are sometimes made for their local action on the
organs. Thus, antiseptics have been injected into lung cavities, caustics
into tumors, local anwsthetics into the spinal canal, and direct applications
have been made to the nerves in sciatica and other similar disorders.
Intravenous tnjection is the most certain and rapid method of bringing
drugs into the circulation and tissues, and has long been used in experi-
ments on animals and more recently in man in diseases in which it is
desired to induce a definite concentration of a remedy in the blood
rapidly (syphilis, malaria, urgent heart failure, etc.). A long hypodermic
needle is passed directly into one of the superficial veins of the arm and
after all air has been expelled from the needle and syringe, the dissolved
drug is slowly injected in quantities of the solution which may vary from
1 cc. to 200 ce. The drug must be in complete solution and must not
react with the protein of the blood; thus strongly acid drugs and dis-
sociable salts of the heavy metals should be avoided; on the other hand,
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drugs, e. g., tartar emectic, which are too irritant for hypodermic injec-
tion may sometimes be given intravenously. The most perfect asepsis
should be aimed at. The dose is usually much smaller than that given
by the mouth, but no general rule can be given. The toxicity of a drug
by intravenous injection is often greatly reduced by injecting it slowly
and well diluted. 4

Quite recently the galvanic current has been employed to aid in
securing the penetration of certain drugs into the decper tissues where
they may be taken up by the blood stream and act particularly upon
the tissues in the nmghbor]umd of the point m‘ d])])]l(dt]()n In this
method, which is known as “electrophoresis” or * common won transfer,”
it is possible under proper conditions to secure the action of the drug
employved upon the deeper tissues without at the same time bringing
about systemic effects, although occasionally symptoms are produced
indicating a gencral action.

This method of “common ion transfer” is especially applicable to
treatment of the extremities and is employed to secure an action upon
the blood-vessels in certain vasospastic conditions such as are found
in Raynaud’s disease, etc. As acetvl-beta-methyl choline is being
employed in this manner, further details of the use of the electric current
for this purpose will be discussed under that heading.

THE CHEMICAL CHARACTERS OF DRUGS.

Many substances which induce changes in the living organisin are
comparatively simple chemical compounds. In the inorganic materia
medica are found many salts, bases and acids, and a few uncombined
elements, such as mercury and sulphur, while organic chemistry offers
alcohols, ethers, phenols, ketones and an ever increasing nunber of
more complex synthetic compounds. But some groups of substances
which occur widely in plants require some discussion before the indi-
vidual members are taken up severally.

The first group of these is formed by the Alkaloids, which are sub-
stituted ammonias, and have a more or less strongly alkaline rcaction,
so that they are often known as the vegetable bases. They contain
carbon, hydrogen, nitrogen, and, as a general rule, oxygen, although
some of them, such as coniine, are devoid of it. Like ammonia, they
combine readily with acids without eliminating hydrogen, and the
salts thus formed resemble those of ammonia in many respects, among
others in being thrown out of combination by the fixed alkalies. Many
vegetable alkaloids are derived from pyridine, quinoline and isoquino-
line by the addition of hydrogen, and generally by the substitution
of one or more of the hydrogen atoms by side chains of greater or less
complexity.
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Many alkaloids have, however, a very complex constitution. The
structural formula of the most important alkaloids will be given, when
they are known, but apart from this any detailed consideration of the
chemical structure of alkaloids is beyond the scope of this book.

Some of the vegetable alkaloids have been formed synthetically in
the laboratory, and the constitution of some of the others is perfectly
well known, but many of them have not yet been isolated, and there are
probably others whose existence is not even suspected. These vegetable
alkaloids occur in almost all parts of plants, although they are found
in greatest abundance in the seeds and roots. The same alkaloid is
often found in most of the plants of a genus, or it may occur in one or
two species of a genus and in other plants which are in no way related.
Very often several alkaloids are found in a plant, and these may differ
entirely in their action on animals, although not infrequently all the
alkaloids of a plant resemble each other in their effects. The alkaloids
are found most abundantly in dicotyledonous plants, but some are
obtained from the monocotyledons. Muscarine, ergotoxine and other
bases are found in the fungi, and alkaloids have been isolated from the
suprarenal capsule of animals and from the skin of the salamander.

The alkaloids are very often only slightly soluble in water, but form
salts which are generally more soluble. Many of the bases are dissolved
by ether, chloroform and amyl alecohol, while the salts are insoluble in
these. Both bases and salts are generally fairly soluble in alcohol. The
hydroxides and carbonates of the alkalies and the alkaline carths pre-
cipitate the alkaloids from solutions of the salts in water, a point of
some importance in prescribing these bodies.

Another important class of vegetable poisons is formed by the Gluco-
sides (glvcosides), or saccharides, which are esters (compound ethers)
composed of sugars and hydroxyl substances, and which liberate sugar
when they are heated with acids, or sometimes with alkalies, or when
certain unorganized ferments act on them. The sugar formed in this
way is often glucose, but not invariably so; the other decomposition
products have been identified only in a few instances. Many of the
glucosides contain only carbon, hydrogen and oxygen, a few have
nitrogen in addition, and one or two, sulphur. In some instances the
remainder, after the sugar is split off, is an alkaloid, e. g., solanidine.
Glucosides differ greatly in their solubility in water and alcohol; com-
paratively few of them are soluble in ether. Some of the glucosides
are powerful poisons, others have little or no action.

Resins, an ill-defined group, are found in many plants, and are char-
acterized by their smooth, shining fracture, and by their insolubility
in water and solubility in ether, chloroform, volatile oils, benzol and,
in many cases, in alcohol. They seem to be formed in plants by the
oxidation of volatile oils, and are often acid or anhydride in character,
while others are apparently alcohols or esters. The resins are almost
invariably composed of several different substances mixed together.

Oleoresins are solutions of resins in ethereal oils, which lend them a
characteristic odor and taste. The term “Balsam” is often used as
synonymous with oleoresin, but most writers restrict it to those oleo-

3
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resins which contain benzoic or cinnamic acid along with other consti-
tuents. Gum-resins are mixtures of resins and gums, generally contain-
ing some volatile oils. They are insoluble in water, but the resin is sus-
pended in it by the gum. On the other hand, the resin is dissolved by
alcohol, while the gum remains insoluble.

Gums are amorphous, transparent substances, composed of carbo-
hydrates of the formula (Cell,40;), and are thus nearly related to cellu-
lose and starch. Some of them are soluble in water, while others merely
swell to a jelly in it; they are insoluble in alcohol. They generally
occur in plants in combination with calcium, magnesium or potassium;
thev have no poisonous action, but form a protective covering for
irritated surfaces, and are largely used to suspend in water substances
which are insoluble in it, such as resins and oils.

Volatile oils (v. p. 2:34) occur in plants in large numbers.

Fats, oils, sugars, acids, starch, proteins, coloring matter, ferments
and other bodies which occur in plants, and are contained in many of
the preparations used in therapeutics, are not generally possessed of
any action of importance.

THE PHARMACOPEIAS AND PHARMACOPGEIAL PREPARATIONS

Almost all governments have found it nccessary to regulate the
preparation of drugs used in therapeutics, and for this purpose issue
at intervals codes of instructions defining the characters of the drugs
and giving the exact formule according to which they are to be pre-
pared for use. These codes are known as Pharmacopeeias, and some
differences exist between those of different countries, although the most
important drugs are found in all of them. All the drugs used in thera-
peutics are not found in the pharmacopeeias, for these are issued only
at intervals of several years, and in the meantime valuable remedies
may be introduced. The pharmacopeeia of the United States is revised
every ten years and the eleventh revision was published in 1936. Two
supplements have appeared, one in 1937 and one in 1939.  "The British
Pharmacopeeia will in future also be revised every ten years. The
last edition appeared in 1932 but an appendix to it was published in
1936. The next full revision is due for 1941 and the intention is that in
future the U. S. P. and B. I’. should be revised alternately so that a new
edition of one or the other will be published every five ycars. The official
definition of therapeutic substances is of advantage to both physician
and pharmacist, as it assures the former that the drug he prescribes
will have a uniform quality, wherever in the country it is dispensed,
while the pharmacist is saved from the continual preparation of remedies
in different forms, by their being prescribed in one recognized strength.

Apart from the official pharmacopceias, other lists of drugs and formule are
published for the guidance of medical practitioners and pharmacists. Thus the
American Pharmaceutical Association issues the ‘“National Formulary’ (N. F.),
a collection of formulz which is also a legal standard, and the American Medical
Association publishes annually “New and Non-official Remedies” (N. N. R.),
which contains descriptions of proprietary drugs which are marketed in an
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acceptable manner. The Council of the Pharmaceutical Society of Great
Britain publishes the “British Pharmaceutical Codex” (B. P. C.), with the
object of providing recognized formulx for medicines which are not officially
recognized in the British Pharmacopeeia. The last edition appeared in 1934.

The pharmacopeeias contain a large number of pure substances such
as salts, acids, bases, alkaloids, and these require no further description.
On the other hand, many of the drugs are given in an impure form,
cither because the active principle is unknown, or because its isolation
is attended with difficulty and expense. Thus many of the vegetable
remedies are presented in the pharmacopeeias as solutions or solids
which contain not only the active principle but gums, sugars, coloring
matter, and many other impurities. These are provided in different
forms to allow of variation in their administration. In addition, the
pharmacopaias contain a number of official preseriptions, that is,
mixtures of active substances in such proportions as are ordinarily pre-
scribed.  These are gencrally designated by the addition of “compound”
(compositus) to the name of the chief ingredient. Most pharmaco-
peelas continue to use Latin in the titles of the drugs, and this is not
due to mere pedantry or conservatism, as is often stated. For the
popular name of a drug is often used for several different substances,
while the Latin name in a prescription indicates that drug which is
known by the term in the pharmacopeeia.

Many crude or unprepared drugs are found in the pharmacopaeias,
such as leaves, roots, flowers, or even whole plants. These are used
chiefly for the preparation of other more readily applicable remedies,
but are sometimes prescribed as powders or in pills.

The following preparations! are official:

a. Aqueous Preparations.

Aque, medicated waters, generally contain only traces of some volatile sub-
stance, such as an ethereal oil or chloroform, in solution in water, and these
are used in prescriptions as more agreeable to the taste and smell than pure
water but have little further effect. In the U. S. P. the solutions of ammonia
and hydrogen peroxide are also included under aque, but these are used only
to elicit the specific effects of these drugs. In the B. P. these strong solutions
are included in the liquores.

Liquores (U. S. P.) are solutions in water of soluble substances. Many of
these are 1 per cent in strength.

q Liquores (B. P.) are solutions in the widest sense, in water, alcohol, or other
uids.

Decocta (U. S. P.) or decoctions, are solutions of vegetable principles, which
are obtained by boiling parts of plants in water.

Infusa, or infusions, are solutions obtained by soaking parts of plants in
water, which may be hot or cold, but is not kept boiling. Infusions and decoc-
tions are weak preparations and tend to decompose rapidly. Many drugs in
the B. P. have both a fresh infusion (Infusum Recens) and a concentrated infu-
sion (Infusum Concentratum). The latter diluted with seven times its volume
of distilled water yields a product resembling the fresh infusion.

1 The student is advised to omit the following list for the present, and to refer to it
only as he takes up the preparations of the individual drugs Most of these preparations
are found in both pharmacoparias. Those which occur only in the British are indicated
by B. P., while those which arc confined to the United States are marked U. S, P,
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Misture, or mixtures, are preparations in which substances insoluble in
water are suspended in it by means of gums or similar viscid substances, or
are mixtures of solutions.

Emulsa (U.S.P.), emulsions, are formed by suspending oils in water by
means of gums or other viscid bodies. The B. P. contains no official emulsions.

Mucilagines, mucilages, are solutions in water of gums, starch, and similar
colloid bodies.

Magmas (U. S. P.), or milks, are suspensions of bulky, white insoluble prep-
arations in water.

Syrupi, syrups, are strong solutions of sugar in water, which may be used
alone, or may be impregnated with more active bodies. Similar preparations
formed with honey instead of syrup (sometimes known as mellita) are official,
as Mel Boracis (B. P.).

Lotions (B. P.), lotions, or washes. This term is used to designate a prepara-
tion of mercury, the black wash.

b. Alcoholic Preparations.

Spiritus, spirits, are solutions of volatile bodies in alcohol, and often owe
their chief action to the solvent and not to the drug contained in it.

Eliziria, elixirs, are sweetened aromatic preparations containing diluted
alcohol or glycerin.

Tincture, tinctures, are solutions in alcohol of medicinal substances, which
are generally formed from parts of plants by maceration or percolation. They
contain both volatile and non-volatile ingredients, but the latter are generally
the more important.

Fluidextracta (U. S. P.), Extracta Liquida (B. P.), fluidextracts, are prepared
from plants by forming solutions in water or more frequently in alcohol, and
evaporating them until the solutions contain as many cubic centimeters as the
original crude drugs weighed in grammes; that is, the volume of the fluid extract
corresponds to the weight of the crude drug. When the active principle is
assayed, however, the liquid extract is diluted to contain a definite amount of
it, and without reference to the quantity of the crude drug used.

The tinctures and fluid extracts are the most commonly used liquid prepara-
?ions, and most of the important drugs are prepared in one or both of these
orms.

c. Other Fluid Preparations.

Glycerita (U. S. P.) or Glycerina (B. P.) are solutions of medicinal substances
in glycerin.

Collodia, collodions, are solutions of medicinal substances in collodion, which
is itself a solution of pyroxylin in alcohol and ether.

Aceta, or medicated vinegars, arc solutions of medicinal substances in vinegar
or diluted acetic acid.

Linimenta, liniments, embrocations, are preparations in which active rem-
edies are dissolved or suspended in dilute alcohol, oils, or water. They generally
contain an oil or soap and are intended to be applied to the skin.

d. Solid and Semi-solid Preparations.

Extracta, extracts, are formed from solutions such as tinctures, decoctions,
or infusions by evaporation, which is continued until there remains a solid
mass. The extracts thus contain all the substances which are taken up by the
solvent, except those which are driven off or decomposed at the temperature
at which evaporation is carried on.

Pilule, pills, are globular masses of small size, such as admits of their being
easily swallowed. They are formed from extracts or from powders, by the
addition of some substance to give them the necessary cohesion and consistency.
Pills generally weigh 0.1-0.3 5. (2-5 grs.). The U. S. P. determines the com-
position and size of the ofﬁcial pills, so that the doses can be modified only
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by ordering several pills to be taken at one time. The B. P. leaves the pills
unformed, so that they may be prescribed of any size. The Pilule of the B. P.
really correspond not to the Pilule, but to the Mass® of the U.S. P.

Masse (U. 8. P.), masses, are preparations made up of the proper consist-
ency for pills. They are invariably prescribed in the form of pills.

Confectiones, confections or electuaries, are soft, solid preparations consisting
of sugar or honey impregnated with some more active body.

Suppositoria, or suppositories, are intended for insertion into the rectum,
urethra, or vagina, and are, except in one or two cases, formed by mixing the
active ingredient with cacao-butter. Suppositories for the rectum are conical
in shape and weigh about a gramme (15 grs.). Those for the urethra (bougies)
are of the same weight, but are pencil-shaped, while the vaginal suppositories
are globular, and weigh about 3 grammes (45 grs.).

Pulveres, powders, are simply dry substances in a state of fine division. Most
of the official powders are mixtures of several active hodies.

Triturationes (U. S. P.), triturations, are formed from powders by diluting
them with nine parts of sugar of milk.

Tabelle, tablets (I3. P.) are formed of chocolate in which an active drug is
incorporated, and weigh 5 grs. or less.

Trochiscy, troches, or lozenges, are solid masses, generally of a flattened shape,
and consist of powders or other bodies, incorporated in sugar and gum.

Lamelle (B. P.), or discs, are small discs formed of gelatin with some glycerin,
each weighing ;,— /s gr. They are impregnated with an active drug, and are
applied to the conjunctiva in order to elicit the local effects.

Unguenta, ointrnents, salves, arc soft, oily substances which are applied to
the skin by rubbing. (Sec page 217.)

Oculenta (B. P.) are ointments for the eye.

Cerate (U. S. P.), cerates, resemble ointinents, but are rendered harder by
the addition of wax. (See page 219.)

Emplastra, plasters, are adhesive bodies of a still harder consistency than
cerates, and soften only when heated.

Cataplasmata (B. P.), poultices, are soft, pasty preparations for application to
the surface of the body. Only one, Cataplasma Kaolini, is oflicial, but many
unofficial poultices are in common use.

UNOFFICIAL PREPARATIONS,

Cachets are thin discs of dough of the shape of a soup-plate and varying
from 3 in. to 1} in. in diameter. When two of them are placed together with
their concave sides toward each other, they form a receptacle in which powders
are dispensed. The edges stick togcther when they are moistened. A some-
what similar method of dispensing is in gelatin capsules, which may be hard
or soft, and which are made in diffcrent sizes. The hard capsule is used for
solids, the soft for liquids. Sometimes the latter contain as much as 15 cc.
(3 fl. 0z.), but these are difficult to swallow.

Tablette, tablet triturates, or compressed tablets, are formed from fine powders
which are moistened and rendered coherent by some liquid and then compressed
in moulds. They are generally about 5 grs. in weight, and disintegrate in the
stomach more rapidly than other preparations.

Enemata, clysmata, or clysters, are liquid substances injected into the rectum
for their local or general effects. (See page 28.)

BIOLOGICAL ASSAY.

The accurate use of drugs in therapeutics involves that the amount
of active principle given in each dose must be as uniform as possible
and not subject to irregular variations. In most cases the strength
of a preparation can be determined by ordinary chemical methods,
and this is required for most of the more powerful substances used
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in therapeutics. This cannot be done for certain important drugs,
however, because the active coustituents are insufficiently known, or
when known cannot be isolated quantitatively. This has led to the
method of biological assay, in which the strength of a preparation is
estimated by its effects on living animals or tissues. Biological assay
was first used industrially to determine the strength of the antitoxic
sera, and soon afterward Houghton introduced it to regulate the strength
of the preparations of the digitalis series, from which it has been extended
to several other substances, and it has now received recognition in
pharmacopceias.

The principle underly ing biological assay is that a definite quantity
of a drug will always produce a certain degree of deflection from the
normal in the same animal or in animals of the samne species. The reac-
tion, it is true, is not always identical, for many conditions may alter
the extent to which an animal reacts to a drug, and every precaution
must be taken to keep the conditions uniform in making these tests.
For example, the reaction varies inversely with the weight of the ani-
mals, and these must be taken as nearly as possible of the same weight
and age or, if this is not possible, the dose must be calculated in terms
of the weight of the animal. And when great accuracy is required, the
test must be done upon a series of animals sufficiently large to eliminate
the variations and idiosyncrasies that cannot be controlled. These
tests require special training and laboratory experience and are very
time-consuming. The method is not likely to be substituted for chem-
ical assay when the latter is available and adequate. In the case of
some drugs, e. g., the organic arsenicals, living tissues can detect differ-
ences that are not discovered by available physico-chemical methods and
the latter have to be supplemented by biological tests for therapeutic
activity and for toxicity. Most preparations requiring biological assay
are either preparations from plants, animal organ extracts, or antitoxic
sera. Such preparations cannot be tested chemically but yet require
to be given in physiologically accurate dosage.

The accuracy and value of biological assay depend upon scrupulous
attention to details of procedure and no abbreviated description of a
method would enable one to carry out a biological assay. 'The methods
fully described in the pharmacopeeias and elsewhere must be consulted.
It is only possible here to mention the official preparations which require
such standardization and to give some indication of the principles
involved.

In biological assay the object is to compare quantitatively the effects
of a preparation with those of a standard. For the U. S. I, standard
preparations are supplied under the authority of the Board of Trustees
of the U. S. Pharmacopceeia; and for the B.P., by the National Institute
for Medical Research, London.

PREPARATIONS IN THE U. S. P. REQUIRING BIOLOGICAL ASSAY.
Aconite.—Tincture of aconite is assayed by determining the quantity neces-
sary to kill guinea-pigs of 250-350 G. weight within six hours when injected
hypodermically; the standard of comparison being aconitine; one cubic centi-
meter of the tincture having a potency equivalent to 0.15 mg. of aconitine.
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Digitalis and Strophanthin are tested by finding the minimal quantity
required to arrest the frog’s heart in systole within one hour. The standard of
comparison for digitalis is a powder of digitalis leaves, the potency of which has
been carefully ascertained in relation to the International Standard Powder
adopted by the Health Organization of the League of Nations. For Strophanthin
the standard adopted is Ouabain.

Epinephrine preparations are assayed by comparing the rise in blood-pressure
in anasthetized dogs caused by intravenous injections of the preparation and
of a standard solution of epinephrine respectively.

Ergot.—Ergot, in the form of the fluid extract, is administered by intramus-
cular injection to single-comb leghorn cocks. Its potency per gram must be
cquivalent to not less than 0.5 mg. ergotoxine-ethane sulfonate when measured
by the darkening produced in the comb of the cock. For the fluid extract of
ergot the same standard of potency has been adopted.

Pituitary Solution.— Pituitary solution is assayed by observing the contrac-
tion caused by it in the uterus of the virgin guinea-pig. The uterus is excised
and suspended in oxygenated Ringer’s solution and its movements are registered
by attaching it to a lever writing on a rotating drum. The addition of pituitary
preparations causes a marked contraction and this is compared with one caused
by a definite amount of a standard powdered pituitary; 1 cc. of the solution of
pituitary being equivalent in activity to 0.005 G. of the standard pituitary
howder.

: Cod-liver oil is tested for its vitamin A and D content through observations
carried out upon rats kept under standard conditions and on a standard diet.

Liver and stomach preparations used for the treatment of pernicious anemia
are tested for their potency by their ability to bring about certain changes in the
blood of patients which are suffering from this disease and are in relapse, and
subsequently to maintain a normal blood count in such persons. Authority
over these products is vested in the U. S. P. ““ Anti-anemic Preparations Advisory
Board.”

Pepsin must digest 3000 times its weight of egg albumen when tested under
the official conditious.

Arsphenamine and Neoarsphenamine have to comply with certain tests for
toxicity as outlined by the National Institute of Health of the U. S. Public
Health Service.

The various antitoxic sera are also standardized according to methods pre-
seribed by the Public Health Service and their potency is designated in units,
1 cc. of Diphtherwe antitoxin containing 500 units; Scarlet Fever antitoxin con-
taining 400 units in a cubic centimeter; and Tefanus antitoxin, not less than 300
units per cubic centimeter. The “unit” in the case of the Tetanus antitoxin is
approximately twice as strong as the ““International Unit” as described by the
Health Organization of the League of Nations.

PREPARATIONS IN THE B. P. REQUIRING BIOLOGICAL ASSAY.

Digitalis.—The preparation is compared with a standard preparation by
some method which measures the action on cardiac muscle. Two methods are
recommended; the first determines the lethal dose in frogs by injection into the
dorsal lymph sac; the end-point for the second is the amount required to produce
arrest of the heart when injected intravenously at a slow rate in cats or guinea-
pigs anwesthetized and under artificial respiration.

Strophanthus.—Strophanthus is assayed in a similar way.

Neoarsphenamine.—Neoarsphenamine must comply with a test for absence
of undue toxicity and with a test for therapeutic potency.

Tor toxicity, it is tested in comparison with the standard preparation on
mice or rats, by the injection of doses given intravenously. For therapeutic
potency, it is tested on a series of mice, or rats, infected with a suitable strain of
pathogenic trypanosomes, such as Trypanosoma Equiperdum.

Sulpharsphenamine.-—Sulpharsphenamine is tested in a similar way.
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Pituitary (Posterior Lobe) Extract.—The activity of a sample of pituitary
(posterior lobe) extract is determined by comparing its activity with that of
the standard Preparation of Pituitary (Posterior Lobe) Extract by a biological
method based on an action on the muscle of the uterus, or by a method which
has been shown to give results similar to those obtained by such a method.

Insulin.—The potency of a sample of insulin is determined by comparing the
dose of it necessary to produce hypoglycemia in rabbits or convulsions in mice
with the dose of the Standard Preparation of Insulin necessary to give the
same effects.

Vitamin A. Young rats are fed on a diet deficient in vitamin A until they
have ceased to grow. The effect on growth of the preparation to be tested 1s
compared with that of a standard preparation. (A spectrophotometric method
may also be used.)

Vitamin B. - The test is similar in character to that for vitamin A.

Vitamin C. When guinea-pigs are given a diet free from vitamin C,; symp-
toms of scurvy appear, e. g., changes in the structure of the teeth or the oceur-
rence of tender gums or hemorrhages  The degree of protection produced by the
preparation to be tested is compared with that afforded by a standard prepara-
tion of l-ascorbic acid.

Antirachitic Vitamin (Vitamin D).—(«) Curatiwe.—Young rats are fed on a
rachitogenic diet for about three weeks, and the degree of rickets produced may
be determined by roentgen-ray photographs of the bones. The degree of healing
produced in ten to fourteen days by the preparation to be tested is compared
with that produced by a standard preparation.

(b) Prophylactic.—Two similar groups of young rats are fed on a rachitogenic
diet, one group receiving daily doses of the preparation to be tested, the other
of the standard preparation. The degree of prophylaxis is estimated by the
average percentage of ash in the bones of the two groups at the end of about
five weeks.

Antitoxins and Sera. —Biological standardization is requred for antidysentery
serum, antipneumococcus serum (Types 1 and 1), diphtheria antitoxin, gas
gangrene antitoxins (cedematiens, perfringens and vibrion septique), staphylo-
coccus antitoxin and tetanus antitoxin = The principle of the methods employed
in cach case is similar, the potency of the sample 1o be tested being compared
with that of a standard preparation in their efficacy to protect animals against
the toxic or lethal effects of a fixed dose of the particular toxin.

Old Tuberculin.—The potency of a sample of old tuberculin is tested by
comparing the dose of it necessary to produce its specific toxicity in guinea-pigs
or other animals infected with the Bacillus tuberculosis with the dose of the
standard preparation of Old Tuberculin necessary to give the same effects.



PART T.
THE ACTION OF INORGANIC SUBSTANCES.

I. WATER AND SALTS.

As a basis for consideration of the action of water and salts, the living
cell may be regarded as a solution of colloids and crystalloids surrounded
by a limiting membrane. This membrane is composed of a complex
colloidal mixture of lipoids and proteins and serves to preserve the
integrity of the cell and to prevent the indiscriminate diffusion of sub-
stances from the protoplasm into the surrounding medium. Most
animal cells are permeable to water and to some salts, and are there-
fore capable of changing their dimensions by absorbing or giving up
water.  The extracellular fluids of the blood, lymph and tissues are
composed of u solution of salts and other substances in water; and
unless the osmotic pressure of these fluids was maintained approxi-
mately equal to that of the cell contents, the cells, having walls per-
meable to water, would be subject to rapid changes in size and compo-
sition. In spite, however, of the great variations in the amount of
water ingested and absorbed, in the amount of water eliminated by
skin and kidneys, and the wide variations in the amount of salts in
the diet, it is found that the body fluids maintain a remarkable con-
stancy in the total percentage of salt that they contain and an even
more remarkable constancy in the relative proportions of essential
individual ions. In regard to the latter property of the body fluids it
has been held to be significant that the ratio of the essential ions in
these fluids is the same as that which occurs in sea water, and that
perhaps even the higher vertebrates have, though an seonian inheritance,
conserved the same environment of the cells as that which was pos-
sessed by the primitive organisms from which they are so remotely
sprung.

Soluble salts exist in the body mainly as ions, and each ion exerts
the same osmotic pressure as an undissociated molecule. Seeing that
different molecules and ions have quantitatively identical effects on
osmotic pressure, it is possible to consider the osmotic changes pro-
duced by water and salts merely from the point of view of the total
number of molecules and ions in solution, and regardless of any specific
and chemical effects that these ions individually produce.

Molecules and ions in solution by their migration distribute them-
selves equally throughout a solvent. Thus when a solution of salt is
brought into immediate contact with one containing sugar, the salt
molecules and ions rapidly diffuse into the sugar solution and the sugar
molecules into the salt solution until the whole becomes homogeneous,

(41)
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each fraction of the solution finally containing uniformly the same
amount of sugar and salt. If a membrane were interposed between the
two solutions of such a character that it was freely and equally per-
meable to water, sugar and salt, the result would be the same. Cell
membranes, however, are not equally permeable to water and solutes.
Pure water diffuses readily into nearly all cells, but most dissolved
substances meet with some resistance in entering cells, and different
tissues vary in this respect. When a more dilute solution is separated
from a more concentrated one by a membrane, which allows more ready
passage of the solvent than the solute, uniformity of the system can
only be obtained by passage of the solvent from the less to the more
concentrated solution; and the latter will increase in volume. If this
increase in volume be prevented by containing the solution within
unyielding walls, a pressure will be developed which is called the osmotic
pressure. The amount of this osmotic pressure depends upon the dif-
ference in concentration, but is independent of the type, of ions and
molecules upon each side of the membrane.

For determining the reactions of animal cells to variations in the
osmotic pressure of extracellular fluids, the red blood corpuscles are
particularly suited. They are casily obtainable, already separate, and
the changes they undergo in size and shape can be readily observed.
Within the envelope of the red cell are salts and colloids in solution,
which solution therefore possesses a definite osmotic pressure.  Water
penetrates readily into these cells and when they are placed in distilled
water, water passes into them until they swell up and rupture. Sodium
chloride hardly penetrates the red blood corpuscles. The mere fact
that, though they arc continuously laved by the plasma, they contain
a higher concentration of potassium and a lower concentration of sodium
than the surrounding plasia, proves that the wall of the red cells must
be very impermeable to these ions, which otherwise would soon attain
the same concentration inside and outside the cell.  When the red cells
are placed in a solution of sodium chloride of the same osmotic pressure
as (. e., isotonic with) that in the interior of the cell, there is no move-
ment of water into the interior, since the water of the surrounding
solution is held back by the sodium chloride. The corpuscles will,
therefore, remain unaltered in shape and composition. If a solution of
lower osmotic pressure (hypotonic) is employed, a certain amount of
water is taken up from it by the cell, the weaker solution of sodium
chloride being unable to compete with the attraction of the stronger
solution in the interior of the cell. On the other hand, if a solution of
higher osmotic pressure (hypertonic) be used, it withdraws water from
the cell, because the salts in the interior are unable to retain the water
against the stronger concentration outside.

Somewhat similar changes will occur in all animal cells as the result
of changes in their osmotic environment. Thus a muscle immersed in
distilled water will swell up from imbibition of water and soon lose its
excitability. A heart is rapidly arrested if perfused with distilled water.
Such tissues will, however, retain their configuration, and for a time
their excitability, if kept in a solution of sodiun chloride of the same



WATER AND SALTS 43

osmotic pressure as the interior of the cells. For mammals such a
solution contains 0.9 per cent of sodium chloride in distilled water. It
is often called physiological or normal saline solution, but it must be
remembered that it is “normal” only in respect of its osmotic pressure.

The cells in the body undergo continual readjustments in accordance
with changes in the osmotic pressure of the body fluids, consequent
upon variations in the absorption and elimination of water. So far as
the interior of the body is concerned the changes in osmotic pressure
and the currents they produce are only of moderate degree, as the
functioning and even the life of the tissues is only possible within a
certain range of osmotic pressure above and below the normal. The
changes that occur are also not of so simple a character as has been
described for the behavior of red cells in a solution of sodium chloride,
mainly because different cells show differences in selective permeability
to different salts. Ammonium chloride, for example, in contradistinc-
tion to sodium chloride penetrates red cells readily, and in solutions of
this salt the red cells behave almost as if they were placed in distilled
water. They are readily permeable to urea but not to sugar. Cells
may even differ in their permeability to water itself. For example,
water is readily absorbed from the intestine but scarcely at all from
the stomach, but this can scarcely be due to difference in the osmotic
pressure of the interior of the cells lining these viscera. With these
considerations it is possible to consider more generally the effects of
water and salts.

1. Water.—Water penetrates into the superficial cells of the skin,
which therefore become swollen and softened by prolonged immersion
in it. Water is not absorbed into the circulation through the skin in
mammals, but is absorbed more easily by less protected surfaces, and
pure water applied to surfaces like the conjunctiva or nasal mucous
membrane or the surface of a wound may cause irritation and pain from
the disturbance of the normal relation of salt and fluid in the surface
cells. Isotonic solutions, on the other hand, cause no pain.

The amount of water ingested in food and drink varies enormously.
Very little absorption of water occurs in the stomach but it is rapidly
absorbed in the small intestine, so that only about 350 cc. of fluid
chyme passes through the ileo-caecal valve daily. Much of the remain-
ing water is absorbed in the large intestine, especially in the cseecum and
ascending colon, the contents of which are still quite soft, leaving a
final weight of the feeces of about 135 G. daily. Apart from ingested
water there is an important internal circulation of water, as the amount
in the salivary, gastric and intestinal secretions may amount to 4 litres,
which is almost completely reabsorbed before reaching the cecum.

When water is absorbed from the bowel, the proportion of solids and
liquid in the blood is of course changed, and fewer corpuscles and less
solid matter are found in a cubic millimetre. The blood contains a
lower percentage of colloids than before and this reduces the osmotic
resistance to filtration through the glomerular capsules in the kidney,
so that the secretion of urine is increased. One of the functions of the
kidney is to maintain constant the osmotic pressure of the plasma.
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When water is injected intravenously it does not lead to immediate
diuresis as it is taken up rapidly by the tissue cells. The muscles and
subcutaneous tissues especially take up considerable stores of water,
which can be given up as required. When there is excessive loss of
water, e. g., from profuse sweating or diarrhcea, the plasma becomes
more concentrated and water can pass from the tissues into the plasma
to restore the normal conditions. The concentration of salt in sweat
is lower than that in the body fluids, so that sweating tends to concen-
trate the salts in the blood. This provokes thirst, and the ingestion of
water again dilutes the plasma. All the factors concerned in water
metabolism cannot be explained by simple ditfusion and osmosis, and
there is some evidence of a central control of the water exchanges between
the tissues and the blood. Pituitary extract has a remarkable effect in
inhibiting water diuresis and the diuresis of diabetes insipidus, and
may produce this effect by a central action.

A detailed consideration of all the factors involved in water exchange
in the body belongs rather to the domain of physiology. Mention may
be made here, however, of the deliberate use of water to effect a thera-
peutic purpose. Consideration of the value of spa waters may be
deferred until the action of salt is considered as, though the effect of
these waters is mainly due to the water, they usually contain more or
less salt.

Water is used especially in febrile conditions to relieve thirst and to
prowote perspiration and diuresis. It tends to keep the mouth clean
and wash out the stomach, as the latter absorbs little or none. It
might be expected that a liberal supply of water would tend to keep the
feeces moist and so relieve constipation. It is ineffective for this pur-
pose because most of the water ingested is absorbed in the small intes-
tine, and in constipation the more prolonged residence of the contents
in the large intestine gives longer time for absorption of the relatively
small proportion of water that passes the ileo-caecal valve. 1f, however,
a non-absorbable salt like magnesium sulphate be added to water, the
absorption of water is checked and the feces become more fluid.

The administration of large quantities of water might be expected
to have some effect on general tissue chaunge, owing to increased diuresis
as well as the passage of water in and out of cells, leading to a more
complete removal of the waste products. Actually, only a slight increase
in the nitrogen and sulphur eliminated in the urine results from the
ingestion of large quantities of water. The amount of proteins and fats
absorbed from the alimentary canal does not appear to be altered by
the administration of large amounts of water.

Heavy Water or deuterium oxide differs from ordinary water in that hydrogen
is replaced by an isotope of atomic weight 2, and its specific gravity is approxi-
mately 1.107. It differs from ordinary water in its physical properties, espe-
cially in being much more viscous. Ordinary water contains a small proportion
of heavy water. The physiological effects of replacing ordinary water by
deuterium oxide have been studied in recent years especially by Barbour and
his co-workers.

Administration of almost pure deuterium oxide, resulting in the body becom-
ing 40 to 50 per cent saturated with it, causes death of mice in about seven days,
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the chief symptoms being loss of weight, fall of temperature, ataxia and dyspnea.
The flow of urine is diminished, possibly due to the higher viscosity of the
fluid impeding glomerular filtration.

Smaller amounts of D.0 (20 per cent saturation) cause an increase, larger
amounts a decrease, of metabolic rate. Several effects suggest a sympatho-
mimetic action, e. g., & pilomotor response and the contraction of melanophores
of Fundulus heteroelitus, which is prevented by ergotoxine and potentiated by
epinephrine.

Concentrations of over 90 per cent are fatal to tadpoles and to some worms
and fish. Evidence from different sources goes to show that deuterium inter-
feres with enzyme activity; e. g., the fermentation of sugars is much retarded.
Barbour suggests that many of the pharmacological effects of heavy water can
be explained by its protective action on hormones like epinephrine and acetyl-
choline, possibly due to the inhibition of activity of such enzymes as acetyl-
cholinase.

The substitution of hydrogen by deuterium has been studied also in other
compounds. If the carbon-hound hydrogen of a physiologically active com-
pound is replaced by deuterium, the metabolism of such compounds after
administration to the animal can be studied by tracing the route taken by the
deuterium.

The pharmacological activity of a compound may be at least quantitatively
altered by deuterram substitution, for example, in ethyl alcohol, C.DyO.D
having considerable stronger action than C.IH,OH. Deuterium is of interest,
both direct and indirect, for pharmacological investigations, but at present
there is no sufficient evidence that heavy water has any therapeutic utility.
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2. Sodium Chloride.—The most typical example of salt action is pre-
sented by chloride of sodium, for this salt is always present in large
quantities in the body, and has practically no specific action; the sodium
and chloride ions are ordinary and necessary constituents of the fluids
of the body. The action of this salt is therefore limited to the alteration
in the physical properties of the fluids, which its presence in excess or in
limited amount induces.

Most of the tissues hitherto examined in regard to this point have
proved permeable by both the Na and Cl ions, but in every case there
is a certain amount of resistance offered so that the presence of salt
in the fluid round a cell always prevents water from diffusing freely into
the interior; 4. e., sodium chloride solution exerts osmotic pressure on
the cell. The molecular weight of common salt being small, the osmotic
changes induced by it are greater than those induced by an equal weight
of most other salts, because a larger number of molecules exist in each
gram. It also dissociates into its two ions more readily than many
others, and this lends it still greater osmotic power.

Weak (hypotonic) salt solutions generally produce effects similar to
those, already described, due to water only. Isotonic salt solution is
non-irritant and has no positive action. Strong salt solutions irritate,
from withdrawal of water from the cells.

In the mouth salt has a characteristic taste. Salt in the diet has little
effect on digestion apart from the fact that a small quantity of salt in
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the food renders it more palatable to most people and this increases
the reflex flow of gastric juice. Large amounts of hypertonic salt solu-
tion causes withdrawal of fluid and shrinkage of the cells of the mucous
membrane of the stomach, which may set up sufficient irritation to
cause reflex vomiting. Iart of this irritation may be due to penetration
of the salt itself, because the more penetrating salts have a greater
tendency to produce vomiting: Thus ammonium chloride produces
vomiting more readily than sodium chloride; sodium sulphate less
readily.

Little if any salt is absorbed from the stomach but it is freely absorbed
from the intestine. The cells of the intestinal mucous membrane are
so easily permeable by sodium chloride that hypotonic or isotonic
solutions are absorbed almost as rapidly as pure water. The absorption
of stronger solutions may be preceded by a period in which the fluid of
the bowel actually increases, water diffusing into it from the blood. At
the same time the salt is being absorbed and the solution eventually
becomes isotonic and is absorbed.

The blood and lymph are atfected by the osmotic changes consequent
upon absorption of salt. When hypotonic solutions enter the blood.
they increase the volume of the blood but lessen its concentration
This causes an increase of capillary pressure (the arterial tension remain-
ing unchanged) which induces a flow of lymph from the blood-vessels
into the lymph spaces. When the blood is rendered hypertonic by the
injection of strong salt solution, water from the lymph spaces passes
into the blood-vessels by osmotic attraction. The absorption of either
water or salt may therefore lead to a reduction in the concentration of
the colloids of the blood, in the former case the hydramia being pro-
duced by the water ingested, while in the case of salt absorption the
hydremia is produced by the water absorbed into the blood from the
lymph. The absorption of water and of salts sets up osmotic currents
which promote the interchange of fluid betwcen the blood and the
lymph spaces.

The changes in the blood and lymph are followed by an increased
activity of the Excretory Organs. Thus the urine! is much augmented
by the injection of salt solution into the blood, less so by the absorp-
tion of water or salt solution from the stomach and bowel. The presence
of salt or water in the blood in excess leads to increascd interchange of
water between the tissues and blood and the latter becomes diluted,
that is, contains a lower percentage of colloids than normally. This
reduces the osmotic resistance to filtration, so that a more abundant
flow occurs through the glomerular capsule into the tubules. Here
water and salt are absorbed in certain definite proportions; if the salt
is present in the filtrate in higher proportions than normally, it is
rejected by the epithelium of the tubules and finds its way into the
ureters, while if the proportion of salt is low, some of the water fails

1 The following explanation of the diuresis is based upon the theory that all the con-
stituents of the urine are filtered off by the glomerulus, and that some of them, notably
much of the fluid and the alkali chlorides, are reabsorbed in passing through the tubules.
Sce ‘““Secretion of the Urine,” Cushny 1926.
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to be taken up and similarly passes out as urine. The increased glom-
erular filtrate contains more urea, phosphates, and other constituents
which are not absorbed in the tubules, and the amount of these in the
urine is thus increased, though their percentage may fall.

When very large amounts of isotonic salt solution are thrown into
the blood, the organism may have difficulty in excreting it rapidly
cnough, and the tissues are therefore found to be swollen and cedema-
tous in some parts of the body.

When salt solution is injected into the serous cavities or into the
Iyvmph spaces, absorption occurs in the same way as from the alinen-
tary canal, except that in the case of the serous cavities diffusion seems
to play a greater, and the other forees a smaller réle, than in the stomach
and intestine.

Strong salt solutions injected into animals cither hypodermically or intra-
venously sometimes prove fatal, apparently from the withdrawal of fluid from
the central nervous system. The symptoms in mammals are increasing lassi-
tude and weakness, with augmented reflex excitability, tremors, and finally
convulsions. The circulation is only slightly affected until just before death,
when the blood-pressure falls suddenly. The red-blood cells are found to be
much shrunken, and hamorrhages are found in different organs; the lungs
are cedematous, and the intestinal mucous membrane is swollen and congested.

The Salts of the Urine are increased by diuresis from any cause, as
has been stated; both sodium and potassium are augmented, but espe-
cially the sodium, which is present in larger proportions in the plasina
and therefore forms a larger constituent of the glomerular secretion.
This increase in the sodium salts is, of course, particularly marked
when diuresis is induced by common salt, but when potassium salts
increase the urine, the sodium also generally predominates in it and
this would eventually lead to the loss of all the sodium in the blood
of herbivora, whose food contains large quantities of potassium; but
after a certain amount of sodium has been lost, potassium causes no
further excretion, so that the tissues are protected from the total loss
of sodium chloride, which would be fatal to them.

In fevers, especially in pnewmonia, the exerction of chlorides is often
diminished. This is believed to be due to the tissues in fever taking up
more water and chloride, reducing the volume and the chloride content
of the blood.

Bunge states that in both man and animals a diet rich in potassium causes
an appetite for common salt, while a diet which does not contain an excess
of potassium dees not develop this desire. Thus herbivorous animals and agri-
cultural peoples seek for salt, because vegetable foods contain large quantities
of potassium, while the carnivora and the hunting peoples require no salt and
often have a distaste for it, owing to their food containing a larger relative

proportion of sodium salts. This instinctive appetite he regards as a means
by which nature protects the tissues from excessive loss of sodium.

Therapeutic Uses. Water and salt are rarely or never prescribed as
such, but are used to a very large extent in medicine, and great virtues
have been ascribed to them in a number of pathological conditions.

They are used for their local action, and for the supposed alterations
in the tissuc-change and in the excretions produced by them after
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their ahsorption into the blood. In general, patients are sent to water-
ing places and baths, where, as Sir Walter Scott says, “the invalid
often finds relief from his complaints, less from the healing virtues of
the spa itself, than because his system of ordinary life undergoes an entire
change, in his being removed from his ledger and account books--from
his legal folios and progresses of title deeds—from his counters and
shelves—from whatever else forms the main source of his constant
anxiety at home, destroys his appetite, mars the custom of his exercise,
deranges the digestive powers, and clogs up the springs of life.”” At the
same time the drinking of large quantities of weak salt solutions, and
the constant bathing in somewhat irritating fluids, may cxercise a thera-
peutic action in many cases, and may at any rate aid the hygienic condi-
tions. Whether the water contains salt or not, it must be remembered
that in bathing the action is a purely local one, for neither the salt nor
the water is absorbed. The slightly irritant effect on the skin may, how-
ever, improve its circulation and nutrition, and thereby be efficacious
in some skin diseases. By continued use the sensitiveness of the skin
vessels to heat and cold may also possibly be deadened. The changes
in the metabolism induced by bathing in strong salt solution arc merely
trifling. Special baths are very frequently recommended for some dis-
cases, probably without justification; the greater the concentration, the
greater is the effect on the skin, and it is of no importance which of the
neutral salts is in the solution, or whether small traces of iron or other
metals are present; alkaline baths act more on the skin than others.

In diseases of the stomach the drinking of large quantities of water
or of weak salt solutions may also be beneficial. The action is similar
to that on the skin—a mild irritation, owing to the swelling of the
more superficial cells of the epithelium and the incrcased movement
of the fluid in them and in the deeper layers. In some cases of insomnia
hot water sometimes causes sleep, probably by causing dilatation of
the gastric vessels, and thereby withdrawing the blood from the brain.

In many diseases in which the symptoms point to a disorder of the
metabolism, water and salt solutions are advised. Thus gout and
rheumatism are frequently treated by sending the patient to watering
placcs, on the theory that the tissucs are washed out thoroughly and
the waste products thus removed. As a matter of fact, the more recent
work in this direction shows that large quantities of water and dilute
salt solutions have little or no effect on the uric acid excretion, which
was formerly believed to be much diminished. This fact does not
necessarily involve the inference that the treatment is erroneous, for
it is now generally recognized that gout is not really due to the failure
of the uric acid excretion. Many cases are unquestionably benefited
by the springs, although it may be questioned how much of the improve-
ment is due to the water taken, and how much of it ought to be ascribed
to the changed conditions of life.

The bath treatment has been recommended for numerous diseases
in which the salt and water could not possibly have any beneficial
action, and in which the remedial agent is the climate, and perhaps
the faith of the patient in the water. Belief in the healing power of cer-
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tain natural water is one of the most ancient of all therapeutic theories,
is found among altogether uncivilized peoples, and has been incorporated
in many religions. It is not to be wondered at that in some nervous
disorders the faith of the patient and auto-suggestion perform some
marvelous “cures.”

In obesity the drinking of some waters, such as those of Kissingen
and Homburg, has been advised. "These waters contain from 0.2-1.4
per cent sodium chloride, and it seems very doubtful if they have any
effects in themselves; many hold that the benefits accruing from the
treatment are really due to the hygienic measures followed, and that
the waters play only an insignificant role.

Salt in solid form or in strong solution is used occasionally as an
emetic in cases of emergency, as in poisoning, and generally produces
vomiting rapidly, owing to the irritant action on the stomach. In
nitrate of silver poisoning it arrests the corrosive action by the forma-
tion of the insoluble silver chloride.

Salt solution is often used instead of water in enemata and when
concentrated possesses an irritant action on the bowel, producing
peristalsis.  Strong solutions arc sometimes thrown into the rectum
to destroy thread worms.

Isotonic salt solutions (0.6-0.9 per cent), are often administered
when the body has lost much fluid, as they are rapidly absorbed and
are devoid of Irritant action; thus in hemorrhage these solutions are
injected subcutancously, intravenously, or per rectum. A rapid improve-
ment in the circulation follows, and this has given rise to the erroneous
opinion that such saline infusions stimulate the heart directly as well
as by the mechanical effect of the increase in the fluids of the body;
this theory has led to infusions being made in weakness of the heart
from other causes than hemorrhage. Some of the svmptoms of cholera
are believed to be due to the loss of water and chlorides, and these
are said to be relieved by the injection of salt solutions, though the
mortality does not scem materially altered. The intravenous and sub-
cutaneous injection of salt solution has been recommended in uremia
and similar intoxications, with the idea of washing out the poisons
through the kidneys; the same results can often be obtained by drink-
ing large quantities of water.

In the U. S. P. physiological salt solution (Liquor Sodii Chlorids
Phystologicus) contains 0.85 per cent of salt in freshly distilled water,
and the solution must be sterilized. The B. . calls for 0.9 per cent
sodium chloride.

The isotonic salt solution ordinarily emploved for hemorrhage and
other purposes is inferior to the Ringer's solution,! which contains the
other salts of the alkalies in approximately the proportions in which
they are found in the plasma; for excised organs live for many hours in
this balanced solution, while they lose their vitality rapidly in an isotonic
solution of sodium chloride. The presence of lime salts is particularly
important.

1 Ringer’s solution suitable for mammals contains 8.5 G. NaCl, 0.3 G. KCl, 0.2 G.
NaHCOs, and 0.2 G. CaCl: in a litre of distilled water.
4
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The water which is used to dissolve the salts must be recently dis-
tilled and kept aseptic; otherwise the fluid, if injected intravenously
or hypodermically, is liable to cause fever symptoms from the presence
of toxic substances derived from dead bacteria.

Ringer’s solution or sodium chloride solution injected intravenously
dilutes the blood plasma and lessens its osmotic resistance to filtration,
and the whole of the injected fluid quickly passes out of the vessels
into the tissues and the urine. If the object aimed at is to wash out
the tissues, Ringer’s solution is suitable, but if it is desired to retain
the fluid in the vessels (for example, after profuse haemorrhage), some
substance which offers great resistance to filtration must be added.
Bayliss has advoeated the addition to the injection fluid of 6 per cent
gum acacia, which has the effect of retaining the fluid in the vessels
longer and also of giving it the same viscosity as the plasma. Clinical
observations show that this new fluid possesses advantages over Ringer's
solution in heemorrhage and shock. Ringer’s solution is used in surgery
to wash out the peritoneal cavity, which would be injured by distilled
water.

According to a recent view, the retention of sodium chloride in the
tissues may lead to the retention of fluid and may thus tend to cause
cedema and dropsy. These conditions have therefore been treated
by a diet containing a low proportion of salt, and in a certain number
of cases with some success.

PREPARATIONS.

U. 8. P. and B. P.

Liquor Sop1ir CHLORIDI PHYSIOLOGICUS, physiological saline solutions. U. S. P.
0.85 per cent; B. P., 0.9 per cent sodium chloride in distilled water.
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3. Saline Diuretics.—The amount of urine is increased by all solids
which are eliminated by the kidney, as well as by an excess of fluid in
the blood. For the kidney is unable to excrete solids except in solution,
and every molecule which is passed through it carries with it a certain
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amount of water to augment the secretion. Only substances which can
circulate in the body in considerable quantities can be used to increase
the urine in this way, and in practice the chief diuretics of this class are
comprised of the indifferent salts and similar harmless bodies. In order
to act as diuretics these must be readily absorbed from the alimentary
tract and this excludes a large class of salts which increase the urine
greatly when they are injected intravenously, but which are absorbed
with difficulty and are therefore used mainly for their effects on the
intestine (see Saline Cathartics, p. 275).

Among the saline diuretics are the chlorides of sodium, potassium
and ammonium, though these are seldom prescribed for this purpose;
their diuretic action is seen, however, in the treatment at spas and
water-places. The cerebral action of the bromides precludes their
use as diuretics, though an increased secretion of urine accompanies
their use in therapeutics. The iodide of potassium is often added to
other diuretics to reinforce their action, but is liable to induce other
symptoms when given in large quantities. The typical saline diuretics
are the nitrates of the alkalies and the urea group.

The Nitrates have a cool, saline taste, and ordinary doses taken in
water have no effect except to produce an augmented flow of urine.
They have long been used as diuretics, more especially the nitrate of
potassium. The diuresis is generally attributed to the salt-action, which
increases the exchange of fluid between the blood and lymph and thus
promotes the filtration in the kidney. The presence of nitrate and
potassium ions in the filtrate rctards the reabsorption of fluid in the
tubules and thus leads to a larger proportion reaching the ureters.

Large quantities in concentrated solution may cause gastro-intestinal
irritation, giving rise to pain in the stomach region, nausea, vomiting, and
sometimes diarrheea, and blood may be present in the vomited matter
and in the stools. The urine is often abundant, but may be scanty or
entirely suppressed. In rare cases these symptoms were followed by
muscular weakness, apathy, collapse, and eventually coma and death.
At the autopsy the stomach and intestines were found red and con-
gested, and contained blood extravasations. The kidney is said to
have presented the symptoms of acute nephritis and hsemorrhages in
some cases of poisoning.

The effects of nitrates are for the most part those of an indifferent
and diffusible salt, but it is possible that this may be reinforced by
some further irritant action, for smaller quantities of the nitrates than
of the chlorides are sufficient to induce irritation, and solutions of the
nitrates isotonic with the blood cause irritation and congestion in the
intestine and arc slowly absorbed. This irritant effect of the nitrates
has been explained by Binz and Barth as the result of the reduction of
the nitrates to nitrites in the alimentary canal and tissues, but no symp-
toms of nitrite action seem to have been observed in cases of poisoning
with nitrates. Haldane has shown that nitrite is formed from the nitrate
used in the preservation of meat by salting, and that some nitrous-oxide
heemoglobin is formed and gives a bright red color to the meat. The
presence of this pigment may perhaps explain the red color of the
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intestine in some cases of poisoning in which extravasations of blood
are not marked.

The fate of the nitrates in the body is still obscure owing to difficulties
in their quantitative estimation. Some of that ingested undergoes
reduction in the alimentary tract and tissues, for the nitrite reactions
are given by some organs and by the urine. And it scems likely that
a portion may undergo still further reduction to ammonia or some of
its compounds. Most of it appears in the urine as nitrate when large
doses are given, but some investigators state that after moderate
quantities in man (1-3 G.) they could observe no nitrate in the urine,
the whole having undergone some change in the passage through the
body. Some of the nitrate scems to be excreted in the salivd and
perspiration, possibly unchanged, although it is rapidly reduced to
nitrite in these secretions, and may in fact be changed to this form
in the secretory cells.

Urea in the course of its exeretion through the kidney carries with it
a considerable amount of water, and when injected intravenously is a
powerful diuretic. It is rapidly absorbed from the intestine and is
practically devoid of action in the tissues even in large doses.  Its diu-
retic action arises partly from its restraining water from being absorbed
in the tubules, which are unable to take up much urea from the glo-
merular filtrate. In chronic interstitial nephritis the excretion of urea
is impaired, but not in chronic parenchymatous nephritis.  Urea is
recommended as a diuretic in the latter condition, in which the saline
diuretics are less useful as the chloride excretion is impaired. Twenty
grams of urea given by mouth produce a rapid diuresis and normally
the whole of the urca is excreted within twenty-four hours.

Ammonium Acetate and Citrate are indifferent salts but undergo
oxidation in the tissues and finally form urea which acts as a diuretic
in passing through the kidney. They were formerly supposed to in-
crease the secretion of sweat but this action is Insignificant.

Therapeutic Uses.- The saline diuretics are seldom used except as
ingredients of diuretic mixtures; c. g., along with digitalis, or to render
the urine more dilute and thus to reduce its acidity in irritation of the
genito-urinary tract. They were formerly employed largely in fevers
and in various disorders of the metabolism, such as rheumatism or
gout, but in none of these have they proved unseful. The nitrates are
to be given with care when there is any irritation of the stomach and
intestine. Authoritics differ as to whether these diuretics may be
prescribed in irritation of the Kidney, but in every case they ought
to be well diluted.

Paper impregnated with saltpetre is used in asthma by burning
it in the sick room, when the pyridine and nitrites relicve the spasms
by relaxing the bronchial muscles. Saltpetre may be used in cigars
or cigarettes for the same purpose, and these may contain also the
leaves of belladonna or some of its allies, as they have a special
action on the bronchial muscle.
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PREPARATIONS.

Porassit Nitras (U. S. P., B. P.), nitre, saltpetre (KNO;), 0.3 G. (5 grs.);
B. P., 5-15 grs.; colorless crystals with a cool, saline taste, very soluble in water,
prescribed in dilute solution.

Urea (B. P.) (CO(NH,).), colorless crystals with a cool saline taste, soluble
in equal parts of water.Dose, 1- 16 G. (15-240 grs.), in solution.
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II. SALTS OF THE ALKALIES.

1. Potassium Salts.—The effects of potassium in the organism can
best be studied by administering the chloride, as the Cl ion is practically
devoid of action and the symptoms induced by potassium chloride must
thercfore be due cither to the “salt-action” or to the potassium. The
salt-action can be discounted by comparing the symptoms with those
of an isotonic solution of sodium chloride, and when this is done it is
found that potassium has a distinetly poisonous action, which is chiefly
manifested on the central nervous system and the heart. Some of the
effects of potassium have been said to be due to its being feebly radio-
active (Zwaardemaker), and attempts have been made to substitute
for it small quantities of other radioactive metals; but the connection
between its action in the tissues and its radioactivity has not been
established.

In the frog the central action is shown by the spontancous move-
ments becoming weak and slowly performed, and by their completely
disappearing much earlier than in sodiumn chloride experiments. In
mammals the chief nervous symptoms are great muscular weakness
and apathy. The respiration becomes rapid and labored, probably
from the anzmia of the centre. Potassium first increases the activity
of the spinal centres and then paralyzes them in mammals, but this
is concealed by the depression of the heart when the drug is injected
intravenously.

The depression of the heart is shown in the frog by weakness, slow-
ness and irregularity when chloride of potassium is injected subcu-
taneously, but is more clearly demonstrated by the rapid failure of
an excised heart when a chloride of potassium solution is perfused
through it. An isotonic solution of common salt also brings the heart
to standstill after a time, but potassium chloride acts much more quickly,
and, in fact, the former may restore the heart beat after it has been
stopped by potassium, which proves conclusively that the latter has a
specific poisonous action in addition to any salt-action. Ringer, however,
found that the beat of the frog’s heart perfused with a solution of common
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salt was not so satisfactory as that of one perfused with the same solution
to which some potassium salt had been added, probably because when the
fluid perfused contains no potassium, some of the salts of that metal
diffuse out of the muscle cells and this disturbs the ratio between the
potassium and sodium which is necessary to life.

The mammalian heart is also injured by the action of potassium
when the salt is injected intravenously, as is shown by weakness and
dilatation, slowness of the pulse, heart block, and finally by ventricular
fibrillation not infrequently; the fibrillation is due to a combination of
mncreased automaticity and intraventricular block (Nahum and IMoft).
The blood-pressure falls abruptly partly from this action on the heart,
which appears'to be a direct one on the muscle, but a reflex vasodilation
from an action on the carotid sinus may also play a part (Hauss and
Chen). The poisonous action of potassium on the heart has given rise
to exaggerated apprehensions of the danger of using its salts in thera-
peutics, and it may therefore be noted that potassium has no effect on
the heart when given by the stomach, and that very much larger quan-
tities of potassium are taken daily in the food by thousands of persons
than are ever prescribed in medicine. Bunge estimates the amount
of potassiumn in the food of some classes at 50- 100 G. (13-3 oz.) per day.
The absence of effects from the potassium ion when the salts are taken
by the mouth is due to their rapid excretion in the urine.

The failure of the heart is the cause of death in mammals when
potassium salts are injected into a vein, the respiration and the reflexes
often persisting for a few seconds afterward. When potassium salts are
injected into an artery, so that they can reach the peripheral vessels
before the heart, they cause marked vasoconstriction with an abrupt
rise in the blood-pressure; this action appears to be a direct one on the
walls of the arterioles for the most part, though it is possible that this
is reinforced by stimulation of the medullary and spinal vasomotor
centres (Mathison).

Potassium has some action on muscle in the frog, the contraction seeming
to be somewhat greater in height, though shorter in length, and there being
less tendency to contracture. Muscle exposed in a solution of potassium chlo-
ride dies much sooner than in an isotonie solution of sodium chloride. Unstriated
muscle suspended in a solution of potassium chloride undergoes contraction,
which may be removed by replacing the potassium with sodium.

Chloride of potassium has also some depressant action on the peripheral
nerves, for they lose their irritability rapidly when they are exposed to its
solutions. A concentrated solution applied to an exposed nerve causes con-
tractions of the muscles which are supplied by it, but these are weaker and
last a shorter time than those elicited by a similar solution of common salt.
This is explained by the depressant action of the potassium opposing the irrita-
tion which it induces through its salt-action.

Feldberg and Vartianeri have shown that potassium chloride stimulates the
ganglion cells when perfused through the superior cervical ganglion in the cat
and increases the excitability of the cells to preganglionic stimuli and to acetyl-
choline. There is some evidence too that potassium may play a part in the
transmission of nerve impulses. Wilson and Wright found that potassium
has an anti-curare action.

The absorption of potassium salts is followed by the same changes in the
movements of the fluids of the body as have been described in the case of sodium
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chloride (page 45). This generally results in diuresis with an increase in the
potassium and the sodium and chloride in the urine. The potassium salts
are generally credited with greater diuretic properties than those of sodium.
Strong solutions of potassium chloride are said to be more irritating to the
stomach and also in the subcutaneous tissues, than those of sodium chloride;
this would indicate that potassium has a epecxﬁc irritant action apart from its
salt-action, which is not unlikely, although it cannot be said to have been
demonstrated satisfac torily as yet.

Miller has shown that young male rats require 15 mg. of potassium daily for
growth and that females need only half that amount. If the supply is less than
1 mg. daily decath follows in a few weeks. For maintenance of adult rats only
2 1ng. of potassium daily are required.

Therapeutic Uses of Potassium.— Apart from the superior diuretic action of
the potassium over the sodium ion, there is little to choose for most purposes
between potassium and sodium salts.  In some cases the potassium salt may
be more suitable beeause of some physical property, e. g., potassium bromide
is less dehiquescent than sodium bromide, m other cases the preference for
potassium salts is merely traditional. The salt most commonly employed as
a diurctic 15 potassium acetate, the nitrate being now rarely used. Recently
caution has been urged agamst the indiseriminate use of potassium salts in
Bright's disease as the retention of potassium may ecause cardiae failure.

Recent clinical experience has shown that potassium has a definite effect on
the contraction of voluntary muscles, either on the peripheral neuro-muscular
transmission or on the contractile response of the muscles.  In the condition
known as “familial periodic paralysis’ the serum potassium is abnormally low
durmg the paralytic attacks, paralysis developing when the serum potassium
falls below 12 mg. per 100 ce.  Administration of potassium chloride by mouth
raises the serum potassium and abolishes the paralysis.  Large doses of potassium
chloride also eause some improvement in muscular contraction in myasthenia
gravis.
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2. Lithium, Caesium, Rubidium.—In regard to the action of the rarer alka-
lies, Lithium, Casium and Rubidium, comparatively little is known. They
seem to have some cffect in depressing the spinal cord in the frog, but it is un-
certain whether this is, like the action of sodium chloride, merely due to the pres-
ence of large quantities of salts in the body, or whether they have a specific
action on the nerve cells. Lithium seems to have some further depressant action
on the motor nerves, and to weaken the muscular contraction. It acts much less
powerfully on the mammalian heart than potassium, but has some effect in
weakening it. Its chief effects are exercised in the alimentary tract, for gastro-
enteritis and extravasations of blood into the stomach and bowel are induced by
its subcutaneous or intravenous injection and these are the cause of death in
fatal poisoning in animals. Such violent effects are less easily elicited by the
administration of lithium by the mouth, though vomiting and purging have
been caused in animals by this method also, and disturbance of the alimentary
tract has sometimes followed from lithium treatment in man. Some of the lith-
ium is excreted in the bowel, and in this respect this metal appears to form a con-
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trast to potassium and sodium and to resemble rather the group of alkaline
earths. Most of it appears in the urine, however, and here the excretion is
slow, for traces may be found in it for many days or even weeks after a single
administration.

Rubidium seems to'act on the frog’s heart and on muscle cells in much the
same way as potassium. It is slowly excreted by the kidneys; traces are found
also in the fzces, especially if diarrheea occurs, as is not infrequently the case.

Casium resembles lithium in causing inflammatory reactions in the alimen-
tary tract, leading to vomiting and diarrheea, when it is injected hypoder-
mically or when large doses are given by the mouth. It is partly excreted along
the alimentary tract in mammals. In the frog it induces weakness of the mus-
cles and paralysis. According to Kisch, cwsium salts have an action on the
excitability of the frog’s heart similar to that of calcium but on its contractility
similar to that of potassium.
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3. Ammonium. — Although ammonium is not a metal, its behavior in
the body resembles in many points that of the fixed alkalies, and it
may therefore best be studied along with them. The solutions of
ammonia and the gas itself are strongly alkaline and therefore powerful
irritants, and the general action of the ammonium ion can be determined
only by the examination of those of its salts in which, as In ammonium
chloride, the effects of the anion can be neglected. The action of chloride
of ammonium is due to the specific action of the base and to the salt-
action.

Action.—Its most striking effect is the stimulation of the Central
Nervous System, which is induced when it is injected subcutaneously
or intravenously. The reflex irritability is much increased, and this
may be followed by tetanic convulsions, both in frogs and mammals.
These convulsions persist after division of the cervical spinal cord
and destruction of the medulla oblongata and brain, and are evidently
caused by changes in the spinal cord, similar to those met with in
strychnine poisoning. The medullary centres are also involved, for
the respiration very often ceases for a moment, and then becomes
much accelerated, and in some instances deeper, from stimulation of the
centre.

The blood-pressure rises from contraction of the peripheral arter-
ioles, induced by stimulation of the vasomotor centre, while the heart
is sometimes slowed from increased activity of the inhibitory centre,
but is said to be accelerated in other cases; whether this arises from
action on the cardiac muscle or on the accelerator centre is still
unknown.

During the convulsions the respiration is arrested and the blood-
pressure becomes extremely high. If large enough quantities be in-
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jected, the stimulation is followed by paralysis of the central nervous
system and the animal dies of asphyxia, but if artificial respiration
be carried on, it recovers rapidly, from the salt being eliminated.

In the frog ammonium chloride tends to paralyze the terminations
of the Motor Nerves, but little or no such action is met with in mam-
mals. This marked curare-like action differentiates the ammonium
tetanus of the frog from that seen under strychnine, as the spasms
last a shorter time, and soon become weaker, from the impulses failing
to reach the muscles through the depressed terminations. The Muscles
themselves are also acted on by ammonium in much the same way as
by potassium. Ammonium chloride is credited with rendering the mucus
secretion of the stomach and bronchi more abundant and less tenacious,
but there seems little foundation for this belief.

Ammonium salts penetrate most cells of the body more freely than
the salts of the fixed alkalies, and solutions of ammonium chloride are
thercfore absorbed more rapidly from the stomach and intestine than
those of sodium or potassium chloride. They permeate into the blood
cells with still greater freedom, and, in fact, solutions of the chloride
of ammonium meet with little more resistance in entering the red-
blood corpuscles than does distilled water. If ammonium be combined
with a non-permeating ion it penetrates the blood cells or the intestinal
epithelium with difficulty, however, so that the sulphate of ammonium
is slightly cathartic, although less so than the sulphates of the fixed
alkalies. (See Saline Cathartics.) The epithelium of the lungs has been
stated to be impermeable by the ammonium ion, but this appears to be
incorrect (McGuigan).

When ammonium salts are taken by the mouth, they have little or
no tendency to cause symptoms from either the central nervous system
or the heart. No case is known in which convulsive attacks could be
shown to be due to the direct action on the central nervous system in
man, and it is very doubtful whether the circulation is affected at all.
In some cases of poisoning with ammonium hydroxide, convulsions have
occurred, but these seem to be due to the violent irritation caused by
the strong alkali.

Excretion.— Some ammonium is excreted unchanged in the urine, while
some is changed to urea. This transformation, which probably takes
place in the liver chiefly, proceeds very rapidly, so that considerable
quantities may be injected slowly into a vein without inducing any
svmptoms whatever. This formation of urea occurs more readily in the
herbivora than in man and the carnivora, and is especially seen when the
ammonium is given in the form of the carbonate or of salts which are
oxidized to the carbonate in the body, such as the acetate and citrate; in
the herbivora the abundant fixed alkali of the blood and tissues displaces
the ammonium of such salts as the chloride, and the carbonate of ammo-
nium thus formed is changed to urea, while in the carnivora and man,
the supply of fixed alkali is less abundant and the ammonium chloride is
not changed to the same extent.

When ammonium chloride is ingested, the NH; portion reacts with
carbon dioxide to form urea, liberating hydrochloric acid. This causes
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a reduction of the alkaline reserve of the blood. J. B. S. Haldane
has shown that large doses of ammonium chloride may produce acid-
®emia with resulting hyperpneea and a fall of CO, tension. This is
accompanied by diuresis, apparently because the acidosis lessens the
amount of salts adsorbed by the tissue proteins, and diuresis is produced
by the salts thus liberated in the blood.

Ammonium salts of the inorgaric acids and of benzoic acid all produce
an acidosis as described while this is apparently not true of ammonium
acetate, perhaps due to its rapid destruction and removal as carbon
dioxide by the lungs.

The urine is often increased by the exhibition of ammonium salts;
ammonium nitrate apparently being the most active. It is to be noted
that, while the alkaline salts of the fixed alkalies render the urine less
acid or even alkaline, ammonium salts have no such effect, because
they are excreted as urea or as neutral salts.

In birds and reptiles ammonia is apparently excreted as uric acid.

The Substituted Ammonias of the methane serics, such as methylamine,
and some of those of the aromatic series resemble ammonium in their general
effects, but the stimulation of the central nervous system is not often so marked.
In general terms, those compounds in which one hydrogen atom is substituted,
tend to cause greater nervous stimulation than those in which two or three buL]]
substitutions are made, while this action is again more prominent in those in
which four alkyl groups are combined with the nitrogen. In addition, most of
these compounds seem to have a more depressant action on the central nervous
system afterward than ammonium, and they all tend to weaken and eventually
to paralyze the terminations of the motor nerves. Some of them slow the heart
by an action resembling that of muscarine, whilc others act on the peripheral
ganglia like nicotine.

The ammonium bases formed from the natural alkaloids appear to have less
action on the central nervous system, but act like curare on the terminations
of the motor nerves.

Therapeutic Uses.—Ammonium chloride is prescribed chiefly for its
effects on the respiratory mucous membranes, and is a very common
constituent of expectorant mixtures for bronchitis and catarrh. It
acts as an expectorant mainly by reflex irritation of the stomach, and
increases the bronchial secretion. A lozenge is often used for sore throat,
and chloride of ammonium solutions are occasionally inhaled or sprayed
into the throat. It has also been prescribed in gastric catarrh with
benefit in some cases, but whether this is due to its acting on the mucous
secretion is unknown.

In larger doses it may be used to increase the acidity of the urine
and as a diuretic. It may cause nausea and should be given well diluted.

PREPARATIONS.

Ammont CuLoripuM (NH,CL), a white, crystalline, powder, odorless, with cool
saline taste. Soluble 1in 3 of water. Dose, U.S.P. 1 G. (15grs.); B.P.0.3-4 G.
(5-60 grs.).
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III. SALTS OF THE ALKALINE EARTHS.

1. Calcium, —The salts of calcium are present in very large amount in
the tissues of animals, and considerable interest attaches to their absorp-
tion, excretion, and general action. They form the great mass of the
inorganic constituents of the bones and teeth of the vertebrates and of
the shells of the invertebrates. In addition they are present to a con-
siderable amount in the soft tissues and body fluids and are, in fact,
essential to most forms of living matter, and to the activity of certain
ferments.

Calcium and the other alkaline earths differ from the alkalies in
possessing comparatively few very soluble salts, and they seldom effect
such changes in the physical properties of the fluids of the body as
have been described under salt-action and chloride of sodium. Even
the soluble salts penetrate with greater difficulty into the various
tissues of the body, which secem to have less affinity for them than for
the salts of the alkalies. They precipitate colloids, such as the proteins,
in more dilute solutions than the salts of the alkalics, and the precipitate
is not redissolved by dilution with water. This precipitation of proteins
appears to account for the pain and irritation which follow the subcu-
taneous injection of the more readily dissociable salts such as the chloride.

Action.—The soluble lime salts are Absorbed with difficulty from the
stomach and intestine and retard the absorption of fluid. They would
presumably have a cathartic action were they not thrown out of solu-
tion very readily by the alkaline fluids. In addition calcium forms
insoluble salts with all of the cathartic anions. The greater propor-
tion of the lime, taken either in the food or as a remedy, unquestionably
leaves the body in the stools unabsorbed, while a smaller quantity of
it is taken up from the alimentary canal whether the lime be adminis-
tered in a soluble or in an insoluble form. This circulates in the blood,
partly as diffusible salts but partly in combination with proteins, and is
slowly excreted, unless there is a deficiency in the supply of lime, when
it may be utilized by the tissues. When larger quantities are thrown
into the blood by intravenous or hypodermic injection, the calcium of
the blood remains abnormally high for a short time, but all the calcium
thus injected is not in the circulation throughout its stay in the body.
Some of it is temporarily deposited in some unknown organ, and is
gradually withdrawn and excreted after the first excess is eliminated.

The serum in health contains about 10 mg. Ca per 100 cc. Of this
only about 2 mg. exist as calcium ions, and only about 6 mg. are able to
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pass through a collodion membrane. The remaining 4 mg. are in some
indiffusible combination with protein, or possibly with lipids. The Ca
in the serum is remarkably constant, so that some mechanism must exist
to maintain a balance between absorption, deposition and elimination.
Factors which have been found to assist in controlling the concentra-
tion in the serum are the amount and availability of the calcium in
the food, the body stores, the reaction of the tissue, the presence or
absence of vitamin D, and the parathyroid hormone.

The normal calcium requirements for a healthy adult have been
estimated at 0.5 G. of calcium per day. This is a minimum amount and
more is required during growth, pregnancy or lactation. An ill-balanced
diet may easily contain too little calcium. Cow’s milk contains about
0.12 per cent of calciumn, about five times as much as human milk. A
pint of cow’s milk provides a full day’s ration of calcium in an casily
assimilable form.

The lime is Excreted in part in the urine, but for the most part through
the epithelium of the large intestine. The relative amounts excreted
by the kidney and bowel seem to be determined by the quantity of
available phosphates among other factors; if these are present in large
quantities in the blood, the calcium is excreted mainly in the bowel in
the form of calcium phosphate. Ixcess of chlorides in the body fluids
has the opposite effect, more calcium appearing in the urine. The
elimination of calcium thus appears to vary with the character of the
combinations which it can form; if these are soluble they appear in the
urine, while the insoluble ones tend to pass into the stools. The adminis-
tration of calcium increases the elimination of magnesium in the urine,
and similarly magnesium absorbed leads to a larger excretion of calcium
in the urine, while that in the feeces may be diminished.

The calcium absorbed has no obvious effects; constipation is often
induced by lime, but it is uncertain whether this arises from action
on the intestinal neuromuscular apparatus, or is the result of the calcium
precipitating the superficial protein in the bowel and thus forming a
protective covering over the epithelium and lessening the reflex peris-
talsis (compare tannin group). KExcept under special circumstances, the
calcium of the food is always sufficient to supply the needs of the organ-
ism, so that lime salts given as remedies have after absorption no specific
action due to the calcium, but owe their activity to the anion exclusively.
Even with an increase in the calcium of the serum of 20 per cent, such
as occurs in osteitis fibrosa, no symptoms (apart from the local bone
conditions) appear from excess of calcium. A large excess of calcium
in the blood is accompanied by definite symptoms as discussed in con-
nection with the effects of the parathyroid hormone (sce p. 585).

The action of calcium on isolated organs is complicated by the fact that it
must always be applied along with sodium in order to maintain the osmotic
equilibrium, and sodium appears to modify the lime action considerably, as
will be discussed later. But calcium appears to depress the neuromuscular
connections in striated muscle like curare, and later to weaken the muscle itself.
The removal of lime is said to increase the irritability of the terminations of the
autonomic nerves in mammals; on the other hand the vagus is stated to lose its
inhibitory action on the heart perfused with calcium-free salt solution.

Soluble calctum salts injected directly into the blood-vessels have an action re-
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sembling that of digitalis in some respects. They first accelerate and strengthen
the heart, and in large quantities bring it to a standstill, and also have a marked
effect in contmctmg the vessels when perfused through them In this way they
may sometlimes diminish the diuresis and glycosuria in animal experiments.
Large quantities injected intravenously contract the pupil to pin-point size,
apparently from action on the fibres of the sphincter muscle, for atropine has
little effect on the myosis. Asphyxia causes dilatation after calcium, however,
in the same way as in morphine poisoning. These effects are absent when the
salts are taken up from the howel, no doubt owing to their slow absorption.

There is some not altogether convincing evidence that lime salts lessen the
permeability of the cells of the tissues; for example, it is stated that, when an
animal has been treated with lime salts, the intravenous injection of iodides
does not induce pleural effusion and ccdema, while it has this effect in untreated
animals; the statement that strong irritants may be applied to the conjunctiva
without swelling and effusion in these treated animals is certainly erroneous
as was shown repeatedly in experiments on the poison gases during the World
War. Minot has shown that the circulatory failure occurring in guanidine
poisoning is caused by loss of plasma fluid and that this loss can be reduced by
adequate caleiim medication.

Balanced Salt Solutions.—A curious relationship has been shown to exist
between the caleium and potassium salts. Thus when a frog’s heart is perfused
with sodium chloride solution containing a trace of calcium, the movements
are not entirely normal, the contraction being somewhat prolonged and the
relaxation much retarded. If a trace of potassium chloride is added, however,
the contraction becomes normal in character. On the other hand the effect of
potassium on the frog’s heart is antagonized by the addition of lime. The
same holds true for voluntary muscle, the salts of calcium tending to neutralize
the effects of potassium, and vice versa, and in several other relations an antagon-
ism has been observed between these two metals Another marked antagon-
ism was shown by Meltzer, that toxic quantities of magnesium can be completely
neutralized by calcium. And, as the symptoms of magnesium poisoning in
mammals are characteristic, the recovery of animals when calcium is injected
is very striking; magnesium induces narcosis and anaxsthesia, which is immedi-
ately counteracted by calcium, and the animal assumes its normal posture.

Another question of interest is the relation between sodium and calcium. It
has already been noted that the frog’s heart perfused with sodium chloride solu-
tion soon ceases to beat, but can be restored by the addition of calcium and
potassium to the circulating medium. The ordinary explanation (Ringer,
Howell) is that the calcium and potassium are necessary to the activity of the
heart and that when pure salt solution is perfused these elements diffuse into
it and are lost from the heart muscle; this diffusion is prevented if calcium and
potassium be contained in the solution, and the heart, retaining the salts essential
to its activity, continues to beat. Another explanation has been offered by
Loch, who supposes that the lime and potassium are not directly essential, but
that they neutralize the poisonous effects of sodium. This poisonous action of
sodium has not been generally recognized, but is well shown by the behavior
of a small fish (fundulus) living in salt water, which can be transferred to dis-
tilled water without injury, thus showing that neither sodium nor calcium is
necessary in its environment. But if it be put in sodium chloride solution of the
same strength as sea water, it dies, so that sodium is poisonous to it unless when
antagonized by the other constituents of sea water; the essential elements are
calcium and potassium, for when these are added to the injurious sodium solu-
tion, the fish lives as well as in sea water. This series of experiments certainly
forms a strong support for Loeb’s theory that calcium is not directly essential
to rhythmic movement, but only neutralizes the effects of sodium. On the
other hand, the calcium salts themselves are poisonous when they are not coun-
terbalanced by sodium and potassium; in this, as in many other instances, there
must be maintained between the inorganic constituents of the surrounding fluid
an equilibrium, such as exists in sea water in the case of the fundulus, and in the
blood plasma in the case of the heart and other organs.
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Lime Starvation.—Excess of calcium in the organism is therefore
little to be apprehended from the ordinary methods of administration,
and lime salts arc seldom used in therapeutics to induce changes through
their presence in excess in the blood, like other remedies, such as mor-
phine or strychnine. Another question arises, however, namely, whether
the organism may not be rendered abnormal by a deficiency in the
supply of lime, and whether this deficiency may be remedied by the
administration of calcium salts.

The effects of a deficiency of lime in the food have been the subject
of several very careful investigations, and while the adult animal does
not seem to suffer greatly from a very considerable reduction of the
calcium of thefood; young growing animals develop marked abnormal-
ities, resembling closely those observed in rickets and osteomalacia in
the human subject. In lime starvation, as in rickets, there is a lessened
deposit of lime in the bones, which retain their cartilaginous consistency
and show other deviations from the normal condition; in rickets the
bones alone are involved, while in animals deprived of calcium the soft
tissues also show a lessened content of lime salts. Deficiency of the
lime in the food naturally affects young animals more than adults,
because the former require calcium to build up the growing skeleton.
But if the lime of the food is greatly reduced while a special demand is
made on the lime reserve of the body, the bones in the adult may also
suffer; thus in pregnant animals, in which lime has to be supplied for
the feetal skeleton, weakness of the bones of the mother simulating the
osteomalacia of human pregnancy has been observed when the lime of
the food was reduced. Only when the serum calcium has been reduced
to 60 or 70 per cent of the normal value do immediate symptoms which
can be attributed to such a diminution make their appearance. The
most constant change accompanying such a reduction is increased exci-
tability of the peripheral nerves.

The effects of the withdrawal of lime have been studied in some Isolated
Organs. Thus Ringer compared the behavior of the frog’s heart when perfused
with solutions of the salts of the alkalies with that of one perfused with the same
solutions to which minute traces of lime were added, and found that the effi-
ciency of the heart was much increased and that it survived longer under the
latter conditions; Locke has shown that a similar relation exists between the
mammalian heart and the inorganic elements of serum. Ilime salts exercise a
similar effect in voluntary muscle, which survives much longer when perfused
with salt solution containing calcium than when sodium chloride solutions
alone are used. Both the heart and skeletal muscle eventually cease to contract
on electrical stimulation when perfused with sodium chloride solution alone,
but recover when traces of lime salts are added to it. In the same way, the irri-
tability of the frog’s nerve persists much longer in salt solution containing a lime
salt than in unmixed salt solution, and may be restored by the addition of lime,
when it has disappeared under the prolonged action of the 0.6 per cent chloride
of sodium solution. Ciliated epithelium continues to wave rhythmically longer
in lime solution than in distilled water, in which it swells up and rapidly loses
its activity. This probably explains the observation that some fish die very
soon in distilled water but survive in water in which traces of lime are present.
Lime is also necessary for the development of various ova; for instance, frog
spawn kept in water devoid of lime salts fails to develop, or develops abnormally.
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Lime salts are also indispensable in some processes which are not
dependent on the presence of living cells. Thus rennet does not coagu-
late milk except when a lime salt is present, and the Coagulation of the
Blood may be prevented by precipitating its calcium salts in the form
of oxalates. Tlammarsten has shown that the lime salts are not neces-
sary to the formation of fibrin, for this occurs in oxalate solutions if
fibrin-ferment is added to fibrinogen. But the fibrin-ferment is not
formed except in the presence of calcium salts, and when oxalates are
added to the blood before this ferment is developed, they prevent its
formation and hinder clotting. When lime salts are added, the ferment
1s liberated and coagulation occurs at once. In other words, lime is
not necessary for the activity of the fibrin-ferment, but for its devel-
opment from the prothrombin or zymogen, in which it exists in the
circulating blood.

Other ferments act in the absence of available lime salts. Thus
pepsin digests when instead of hydrochloric, oxalic acid is added to it,
but it is unknown whether pepsin is formed from pepsinogen in the
absence of lime. The trypsinogen of the pancreas may be changed to
trypsin by lime salts.

The higher organisms, both animals and plants, have thus been
shown to require lime for some of their functions, and it is probably
necessary for many others in which its importance has not yet been
recognized. The lowest forms of life, however, including the bacteria
and some of the moulds, seemn to be able to live without it. T'o induce
the effects of lime starvation it is not always necessary to withdraw
lime from the food, for they may be caused by the presence of any
substance which prevents the dissociation of the calcium ion, such as
sodium oxalate, citrate or fluoride. Food containing large quantities
of oxalate salts has in some cases induced symptoms in animals resem-
bling those of lime starvation, and it seems probable that most of the
symptoms of fluoride action are also explicable from their precipitating
the lime salts of the food and of the blood. (Sec Oxalates and Fluorides.)

Therapeutic Uses.—As has already been stated no condition is known
to which any advantage is gained by raising the calcium content of the
tissues above the normal. Calcium is used therapeutically therefore
only in conditions of abnormalities of calcium metabolisin, especially,
of course, of deficiency.

In rickets there is unquestionably too little lime in the bones, and
administration of lime was thought to be rational, because symptoms
similar to those of rickets have been induced in young animals whose
food contained too small a proportion of lime. But the administration
of calcium salts was found to have little or no influence on the disease,
which indeed occurred when there was ample lime in the food. The
disease has now been shown to be due to shortage of vitamin D, and
to be curable by substances rich in vitamin D such as cod-liver oil,
irradiated ergosterol, or by exposure to sunlight and ultra-violet radia-
tion. Shortage of vitamin I) may either cause deficient calcium absorp-
tion from the bowel or interference with the process of ossification and
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in the circimstances there is no advantage in giving calcium above the
normal amount in food, in the routine treatment of rickets.

During pregnancy the constant demand on the part of the growing
feetus for calcium puts a heavy tax on the calcium metabolism of the
maternal tissues and the serum calcium is frequently somewhat dimin-
ished especially toward the end of pregnancy. A low serum calcium
has also been found in eclampsia: It is important that the maternal
diet should contain a liberal daily ration of calecium both during preg-
nancy and during lactation, when the caleiumn requirements may be
nearly doubled. The condition of osteomalacia occurring in pregnancy
is not, however, arrested merely by giving calcium salts in food, but is
prevented if vitamin I) be given in addition.

In tetany, following the removal of, or injury to, the parathyroid
glands during the operation of thyroidectomy, the serum calcium is
definitely reduced. The administration of parathyroid extract, which
mobilizes the calcium of the bones and tissues, increases the serum
calcium and relieves the condition. Oral administration of calcium in
excess, but especially intravenous injection, can also give prompt but
transicent relief.

In tetany and spasmophilia following rickets, the serum calcium is
also low, but the use of parathyroid extract is contra-indicated, except
as an emergency, since the increased serum calcium is obtained by
removal of calcium from the bones which are already deficient in it.
Tetany disappears when the rickets is treated in the usual way, but for
temporary purposes the tetany may be controlled by the administration
of large doses of calcium by mouth or smaller doses intravenously.

Calcium chloride has been used to a limited extent as a diurctic in
some forms of nephritts. In severe nephritis the total calcium of the
serum is reduced but the beneficial action of calcium chloride does not
seem to be due entirely to calcium replacement. Its action here has
been explained by the fact that the calcium so given is retained or
excreted in the intestine as carbonate. The freed chloride ions can
thus cause an increased acidity, and, to correct this, sodium is excreted
as sodium chloride, accompanied by large amounts of water. Ammonium
chloride, which causes a similar type of acidosis, also acts as a diuretic
in these conditions.

It has also been proposed to treat with calcium cases in which the
blood is less capable of clotting than normally —particularly hemo-
philia; and it has been tried in conditions like purpura and tuberculosis
in which there is no prolongation of the coagulation time of the blood.
In most of thesc cases there is no evidence of calcium deficiency and
there is little convincing evidence of the value of calcium therapy.
Injections of calcium chloride have been recommended in the preopera-
tive preparation of patients with jaundice to reduce the risk of bleeding.

Calcium salts have also been employed in a variety of diseases in
which there appears to be a lack of tone, or an undue permeability of
the vessels, e.g., in Raynaud’s disease, urticaria and angioneurotic
cedema, and also in conditions of increased permeability of serous mem-
branes, e. g., in pleural or peritoneal effusions. In serum sickness the
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administration of large doses of calcium is stated to reduce the duration
of the rash and the severity of the itching, nausea and headache. While
there is some cvidence that calciuin diminishes the permeability of
animal membranes, the evidence of the value of calcium in these condi-
tions is at present conflicting.

The preparations of the oxide and hydrate owe their activity chiefly
to their alkalinity and not to the caleium, but differ from the hydrates
of the alkalies in their insolubility and in their slow absorption. Lime
water tends to neutralize the gastric juice and has an astringent effect
in the intestine which is probably due to its forming an insoluble com-
pound with the surface proteins, in the same way as tannic acid. Lime
water is used in some dyspeptic conditions, especially in vomiting. It
is often added to milk in intestinal irritation in children and in typhoid
fever, as it is said that milk thus treated coagulates in finer particles
than when given alone, and is better digested and less liable to disturb
the intestine. Lime water or syrup of lime is also used as an intestinal
astringent in diarrheea, especially in children. As an antacid in the
stomach, lime is inferior to magnesia and other alkalies, because it tends
to delay the evacuation of the contents. Tt has also been sprayed against
the false membrane of diphtheria, which it is said to dissolve. l.ime
water is not applicable in cases of acid poisoning, as it contains much
too little of the base to be serviceable, but the syrup may be used, or
lime shaken up with water (milk of lime). The treatment with lime is
specially indicated in cases of oxalate poisoning.

Lime water has been used externally as a protective, mildly astrin-
gent application to ulcers, and the lime liniment, no longer official, was
formerly much used in the treatment of burns. It derived its name of
Carron oil from having been used for this purpose in the iron works at
Carron.

The preparations of the carbonate of lime are used as antacids in
hyperacidity of the stomach, especially when this is combined with a
tendency to diarrheea. The mixture, or the aromatic powder B. P.,
is the form generally used, and may be preseribed with opium or with
other astringents. Chalk has also been used in rickets.

Txternally, prepared chalk is used as a powder to protect irritated
parts of the skin and occasionally in ulceration; it is the chief ingredient
in most tooth powders. 1In older treatises on therapeutics great virtues
are ascribed to various natural objects which are composed for the main
part of chalk or other salts of lime, and among which burned bones,
coral, coralline and cuttlefish bone may be mentioned.

PREPARATIONS.

Carcni Curoripum (U. S. P., B. P.) (CaCl,), a white salt with a sharp, saline
taste, very deliquescent and soluble in water. Dose, U. S. P., 1 G. (15 grs.);
B. P, 0.6-2G. (10-30 grs.). By intramuscular injection, 0.03-0.1 G. (}—1} grs.);
by intravenous injection, 0.3-1 G. (5-15 grs.).

Cavcir Lacras (U. 8. P., B. P.) (Ca(C;H;0;).,5H,0), a white, almost tasteless
powder soluble in 18.5 parts of water. Dose, U. S. P., 1 G. (15 grs.); B. P,,
1-4 G. (15-60 grs.).

Calcium chloride is the salt which gives the least complicated calcium action.
It has a strong attraction for water and is readily dissociable and is therefore

5
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more irritant than the chlorides of the alkalics and other alkaline earths; it
ought to be prescribed only in dilute solution, and should not be injected into the
subcutaneous tissues or muscle, as it causes great pain and sometimes even
sloughing. Instead of the chloride, the lactate has been employed in the same
doses and has the advantage of dissociating more slowly and thus causing less
pain and irritation when it is injected.

Cavcit Gruconas (U.S.P.) Oral 5 G. (75 grs.), Intravenous 1 G. (15 grs);
Calcium Gluconate has been extensively used in recent years as a substitute for
the chloride or lactate. It isa white granular powder, slowly soluble in water.

Cavrcr Hyproxipum (B. P.), slaked lime (Ca(OH),), may also be used as a dis-
infectant. 0.3-1 G. (5-15 grs.).

Liquor Cavcit Hyproxint (U. S. P, B. P.), lime water, is a saturated solution
of calcium hydrate or slaked lime and contains about, 0.15 per cent. It is a clear
fluid \ﬁ’lth a saline “md fecbly caustic taste. 15 ce. (4 fl. drs.); B. ., 30 120 mils.
(1-4 07.).

Crera Praparata (U. 8. P.), Crera (B. P.), prepared chalk, chalk purified by
washing and suspension in water (CaCQ,). 1 G. (15 grs.); B. ., 1 4 (5. (15-
60 grs.).

PuLvis Crer® Comrositus (U. S. P.), a mixture of prepared chalk, sugar
and acacia. 2 G. (30 grs.).

PuLvis Crerx AromaTicus (B. P.), aromatic chalk powder, contains chalk
along with sugar and a number of carminatives belonging to the group of
volatile oils. 0.6 4 G. (10-60 grs.).

PuLvis Creras Aromaricus Cum Orio (B. P.) is a mixture of 39 parts of
the aromatic powder with 1 of opium, and therefore contams 2} per cent of
opium. 0.6-4 G. (10-60 grs.).

Mistura Crers (U. 8. P.), chalk mixture, is compound chalk powder sus-
pended in cinnamon water. 15 cc. (4 fl. drs.).
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2. Barium.—Barium is the most poisonous of the alkaline earths, but resem-
bles the others in penetrating with difficulty into the epithelium of the alimentary
canal, and is therefore absorbed very slowly. It has a characteristic action on
many forms of muscular tissue, resembling closely that of veratrine, and the con-
traction of the frog’s muscle under barium is thus stronger than normally, and
is greatly prolonged ; this action is not opposed by curare and is therefore believed
to be exerted on the contractile substance directly. Barium has a somewhat
similar action on all forms of muscle. Thus the smooth muscle of nearly every
organ is stimulated by barium, e. g., of the gut, bronchi, etc. The frog’s heart
beats more strongly, but more slowly from a similar action on the muscle fibres,
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and eventually assumes an irregular peristaltic form of contraction, followed by
arrest in systole, as in digitalis poisoning. Barium has been suggested as a sub-
stitute for digitalis but it is questionable whether it really acts in the same way.
There are some noticeable differences; for example, the toad’s heart shows a
high tolerance for glucosides of the digitalis group but not for barium. Further-
more digitalis acts on the heart in concentration much lower than those which
affect smooth muscle, but this is not true of barium.

In the mammal barium salts injected intravenously cause violent tonic and
clonic spasms, from stimulation of the spinal cord and medulla; in sufficient
quantities, they finally paralyze the spinal cord. Intravenous injection also
provokes the contraction of involuntary muscle in all organs, with vomiting,
purging, evacuation of the bladder, etc. The blood-pressure is enormously
increased at first, due especially to constriction of the arterioles. In fatal poison-
ing in animals h'pmorrhages have been found in the stomach, intestine, kidney
and other organs. Intravenous injection of isotonic sodium wlphate has been
recommended as an antidote in acute BaCl, poisoning (Rise).

Barium is quite incapable of replacing calcium in its relations to living matter,
and accordingly chloride of sodium solutions to which barium chloride has been
added do not tend to keep the frog’s heart active as do those containing lime.
Some authors hold that barium can replace calcium to an imperfect degree in
the coagulation of the blood, but this is denied by others. Potassium salts
tend to neutralize the effect of barium on the heart and muscles, the relation
resembling that which they hear to lime.

Barium is absorbed slowly from the intestine and is found to be stored in
the bones to some extent, and to be excreted by the intestinal epithelium, only
traces appearing in the urine.

It has scldom been used in practical therapeutics. In veterinary practice it
is often employed as a purgative.

Bari Surpaas (U. S. P, B. P.), BariuM SuLriATE.—A fine, white, insoluble
powder. Due to the fact that barium sulphate passes through the body un-
changed, it is used in taking roentgenograms of the gastro-intestinal tract. It
may be given by mouth mixed with the food, or in an enema when the colon is
to be cxamined. When used for this purpose, barium sulphate must be very
pure, as contamination with more soluble salts such as the chloride or sulphide
may make it dangerously toxic.

3. Strontium.—Strontium is a comparatively inert substance even when
injected directly into the blood, resembling calcium in its action in the body as
far as is known, but being even less poisonous. Small doses given intravenously
raise the blood-pressure mainly by increased cardiac action, large doses cause
apnea and death from arrest of the heart (Boriani). It prolongs the con-
traction of muscle though only to a slight extent. It has not the antagonistic
effects to magnesium in the nervous system which are possessed by calcium,
but it antagonizes the broncho-dilator action of magnesium. It is absorbed
very slowly from the intestine like the other alkaline earths, and is deposited
in small quantities in the hones of growing animals, especially when there is
a deficiency of lime in the food; but it cannot be used to replace the calcium
of the food, animals treated thus showing the symptoms of lime starvation.
It is excreted in small quantities by the urine, but mainly by the bowel. Stron-
tium salts have been used to a limited extent in therapeutics, not for the effect of
the strontium ion, but for the bromide, iodide or salicylate anions. They possess
no advantage over the corresponding salts of potassium and sodium.

4. Magnesium Salts.—The magnesium salts have been shown by Meltzer to
have a very powerful action when injected hypodermically or intravenously.
The most characteristic effect is complete anwsthesia, resembling that induced
by the chloroform group, and ending in fatal cases in paralysis of the respiratory
centre. This arises mainly from direct affection of the central nervous system,
and immediate recovery follows the injection of a calcium salt. Higher con-
centrations of magnesium in the blood have a curare-like action, also antago-
nized hy calcium (see Caleium). The magnesium anasthesia does not appear
to arise from its penetrating into the brain cells, for no significant amount can
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be obtained by analysis, while large quantities are found in the plasma. Applied
to a nerve trunk, magnesium salts in 25 per cent solution act in the same way
as cocaine, paralyzing first the afferent and later the efferent fibres, and injected
into the intradural space they cause complete anwsthesia of the lower part of
the body like cocaine; magnesium sulphate has, in fact, been employed occa-
sionally for surgical operations and in the treatment of tetanus. The anzesthesia
lasts much longer and this renders it unsuitable for surgical work, but several
sases of tetanus treated by subdural injection of magnesium sulphate have
recovered. (Dose, about 0.02 G. per kg. in man.) The same anwsthetizing
action is seen in the lower invertebrates when a magnesium salt is added to
the water in which they live. Magnesium has comparatively little effect on
the heart, tending to lessen the excitability of the vagus, and this cffect may
also be abolished by lime salts. It reduces the irritability of the intestine when
injected intravenously and arrests the peristalsis aroused by physostigmine or
barium. It also appears to have some effeet on the myoneural receptors in
muscle, for it arrests the twitehings induced by physostigmine and i large
doses interrupts the path from nerve to muscle in the same way as curare. It
produces curarisation of the muscles of erabs, which are unaffected by curare
itself.  When injected intravenously magnesium produces a fall ol blood-
pressure mainly due to vasodilatation. The bronchi are dilated in some ani-
mals. In small doses magnesium salts cause a reduction, in large doses an
increase, in blood sugar. None of these effects 1s normally eclicited when mag-
nesium salts are piven by the mouth, as that absorbed is exereted rapidly and
there is never enough accumulated in the blood to have any action.  Rarely
some depression of the nervous system has heen observed when very large doses
of magnesiumn sulphate have been given by mouth witheut producing purgation.
Magnesium is excreted by the kidney and traces may appear in the secretions
from other organs. It is eliminated rapidly, almost the whole appearing in the
urine within forty-eight hours, and this excretion of magnesium is attended by
an increase in the calcium of the urine, while that of the feces may diminish.

ITuman blood plasma contains about 3 mgs. of Mg. per 100 G. and the red
blood corpuscles about double that amount. The latter seem to be impermeable
to the Mg. ion.

A form of tetany has been described in young dogs as the result of deprivation
of magnesium, the animals ultimately dying of convulsions.
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IV. MISCELLANEOUS ANIONS.

1. Oxalates and Fluorides. — The oxalules (NaOOC—COONa) and the
Sluorides owe the greater part of their action to their power of precipitating the
calcium of the tissues, though they may also cause other effects; this precipitation
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renders them poisonous to most forms of living matter, of which lime is generally
an essential constituent. The oxalate action may be removed in many instances
by adding lime salts in excess.

In the frog they cause depression and final paralysis of the central nervous
system, and later of the terminations of the peripheral nerves and the muscles
and heart; twitching and fibrillary contractions of the voluntary muscles are
often observed first.

In mammals there is apparently at first a stimulation of the medullary centres,
for rapid, deep breathing occurs in the rabbit, and vomiting and nausea in the
dog, and according to some observers, the arterial tension is first increased
through stimulation of the vasomotor cenire. Later the movements are wanting
in coordination, the respiration becomes slow and dyspnaic, the heart is weak,
and the animal becomes comatose and dies, sometimes in convulsions.

In cases of oxalate poisoning in man, the carly symptoms are great mus-
cular weakness, twitching of the muscles, especially of those of the face, more
rarely convulsions, later there follows collapse with a weak, fluttering pulse,
pallor or cyanosis, coma and death.

Oxalates are very poisonous to all forms of animal life and to plants con-
taining chlorophyll, but arc harmless to the moulds, bacteria and some alge.
The fluorides arc equally poisonous to the higher organisms, and in addition
have considerable antiseptic power, 1 part in 200 of water being sufficient
to arrest the growth of bacteria. Both are absorbed with great difficulty from
the stomach and intestine, and cause irritation and effusion of liquid except
in very dilute solutions. Added to the blood outside or inside the body, they
prevent its coagulation, and the rennet ferment also fails to coagulate milk in
the presence of small quantities of oxalate. The frog’s heart is much weak-
ened by the addition of oxalate of sodium to the blood perfused through it,
while the mammalian heart is not affected by very small quantities, but if the
injection of oxalate be continued, becomes suddenly weaker. According to
some observers, the terminations of the autonomic nerves are rendered more
excitable under oxalates, and this manifests itself in salivation, ready dilation
of the pupil, variations in the rate of the heart, and in an abnormal sensitiveness
to epinephrine and pilocarpine (Chiari and Frohlich).

Practically the whole of the oxalate ingested is excreted in the urine in the
form of oxalate of calcium, and the insoluble crystals are often deposited along
the urinary tubules and may stop them up entirely and thus cause anuria, con-
gestion, and inflammation of the kidney; albuminuria is often the most marked
symptom in slight poisoning in man. The deposits of oxalates often form white
lines running from the base to the apex of the renal pyramids, which are quite
evident macroscopically at the autopsy. Small oxalate calculi have also been
produced in the pelvis of the kidney, bladder, or ureter through the prolonged
administration of oxalate to animals. Not infrequently these renal changes are
the only lesions found post mortem in cases of poisoning with oxalates.

The prolonged administration of oxalates to animals has been found to induce
changes in the skeleton identical with those arising from lime starvation; for
example, sheep fed on plants containing much oxalate are found to have less
lime in the bones than usual.

The oxalates are not used in therapeutics. In cases of oxalate poisoning
the natural antidote is lime, which forms an insoluble precipitate in the stomach
and may also relieve the symptoms induced by the withdrawal of lime from
its normal combination in the tissues. At the same time large quantities of
water and diuretics may be given in order to wash out the crystals of oxalate
from the urinary tubules. Oxalate poisoning has sometimes occurred in man
from the use of vegetables containing much oxalic acid, e. g., rhubarb leaves.

Accidental and even suicidal poisoning with oxalates is not uncommon.

The other members of the oxalate series, malonates (CH,(COONa),) and
succinates ((CH,),(COONa),), differ from the oxalates in being much less
poisonous, the fatal dose of malonate of sodium being about twenty times that
of the oxalate, and the succinate being almost indifferent. The malonate is
almost completely oxidized in the tissues, and succinate disappears completely.
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It is significant that malonic and succinic acids form much more soluble salts
with lime than does oxalic acid. Both malonate and succinate of sodium are
absorbed only slowly from the intestine, and act as saline cathartics.

The fluorides are powerful local irritants, small quantities applied to the
conjunctiva causing congestion and inflammation. Both fluorides and oxalates
irritate the stomach and induce nausea and vomiting. This irritation of the
alimentary tract may perhaps explain the retarded growth and loss of appetite
in rats treated with fluorides (Sollmann). In experimental chronic poisoning
with fluorides the chief effects produced were changes in the bones and teeth,
anxmia, hepatic lesions and a cachexia often fatal after two or three months,

In recent years cases of poisoning by sodium fluoride have been described,
arising usually from the use of this substance as an insecticide and from its being
mistaken for laxative or baking powders. The chief symptoms are nausea,
vomiting and, diarrhaea, accompanied by cramp-like abdominal pains. Clonic
convulsions have occurred occasionally and a peculiar gray-blue cyanosis has
been observed in some cases. Chronic fluoride poisoning, arising from the
use of fluorides in industry, has also been described, giving rise especially to
changes in the bones and mottling of the teeth.

The fluorides absorbed from the alimentary canal are excreted by the urine,
but this takes place very slowly, and much of the fluoride is stored up in the
body, some in the liver and skin, but most in the bones in the form of calcium
fluoride. Crystals of this very insoluble salt are found in masses in the Haver-
sian canals, and increase the hardness and brittleness of the bones.

Hydrofluoric acid is an exceedingly powerful caustic, destroying the mucous
membranes wherever it comes in contact with them. It has been observed that
workers in certain departments of glass factories, in which the atmosphere
contains a small amount of this acid, are very seldom attacked by tuberculosis,
and an attempt has been made to treat pulmonary phthisis by the inhalation
of very dilute vapors. The results have not been successful, although there is no
question that hydrofluoric acid is a powerful germicide.

Sodium fluorosilicate (Na,SiFs) has also been used as an antiseptic in solution.
It has been found to cause nausesa, eructation, and slowness of the pulse when
swallowed.

Fluorides have been recommended in Graves’ disease, though their method of
action is not satisfactorily explained. For this purpose sodium fluoride has
been given both by mouth and by intravenous injection.
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2. Sulphides.—The ordinary sulphides of the alkalies are of little importance in
themselves, as they are seldom used in therapeutics. The effect of hydrosul-
phuric acid, however, apart from its local irritant action, is due to the sulphide
which it forms in the blood, and the study of this powerful poison therefore in-
volves a preliminary examination of the effects of the sulphides. Again, sulphur
is in itself inert, but is changed to sulphides and hydrosulphuric acid in the
alimentary canal, and the effects induced by its administration are due to these
bodies, and not to the original element (p. 266).

Action.—The sulphides act as irritants in the stomach and bowel, and in the
latter induce increased peristalsis and purgation. When injected subcutaneously
in the frog, sodium sulphide causes a narcotic condition from depression of the
central nervous system, and in sufficient quantities weakens the skeletal muscle
and the heart, which continues to beat after complete paralysis has been ob-
tained, but eventually ceases in diastole. After the narcosis has lasted for some
time, there follows a marked increase in the reflex irritability, with convulsions
resembling those of strychnine poisoning in their general character, but differing
from them in lasting continuously for weeks or even months at a time. The
animal lies in an extended and tense condition throughout, and passes into
complete opisthotonos on being touched.

Sulphides injected intravenously in mammals induce violent convulsions,
which seem to be of cerebral origin, for they do not occur in the hind limbs
when the spinal cord is cut. The respiration is at first accelerated and later
dyspneeie and finally ceases, this, along with the paralysis of the vasomotor
centre, being the cause of death. The heart does not seem to be seriously
affected except indirectly through the failure of the respiration and the fall of
the blood-pressure.

Sulphide solutions added to drawn blood reduce the oxyhwxmoglobin at
once, and give the blood a dark venous color. At the same time a compound
of sulphide and hwmoglobin is formed, known as sulpho-hamoglobin or as
sulpho-methamoglobin, and gives the blood a greenish color when a thin layer
is examined, while a thicker layer is dark red-brown. This sulpho-h@moglobin
possesses a characteristic spectrum, marked by a dark line in the red to the left
of the D line. Targer quantities give an olive-green color to the blood, and the
spectrum of sulpho-hemoglobin disappears. When sulphides are injected
into frogs, and more especially when sulphuretted hydrogen is inhaled, the
blood gives the characteristic spectrum during life, but this does not seem
to be the case in mammals, although sulpho-hamoglobin is formed soon after
death. The blood changes are not the cause of death in poisoning, as was
formerly supposed, but the direct action of the sulphides on the central nervous
system.

Sulphides absorbed into the blood are rapidly oxidized, and are excreted
in the urine in the form of sulphates and of organic sulphur compounds of
unknown constitution. Small quantities escape by the lungs, and give the
breath the disagreeable odor of sulphuretted hydrogen, and some is excreted
in this form in the perspiration.

The sulphides dissolve the horny epidermis and hair very readily when
they are applied to the skin. If the application is continued, some irritation
and redness is produced.

Hydrosulphuric Acid (sulphuretted hydrogen, hydrogen sulphide (H,S))
is a gas with strong irritant properties, which it shares with other acids (see
page 95) and has not infrequently given rise to poisoning, as it is formed in
large quantities in the course of the putrefaction of sulphur compounds such as
proteins. Sewer gas often contains it in quantity, and workmen employed in
cleansing sewers or cesspools have often suffered from its effects. When inhaled
in concentrated form it is almost immediately fatal, the patient losing con-
sciousness at once, and the respiration ceasing after a few seconds. In smaller
quantities it causes immediate unconsciousness, lasting for several hours and
then passing into fatal coma, which is often interrupted by violent convulsions.
In both of these forms the symptoms are due to the direct action of the sulphides
on the brain and medulla oblongata. Persons exposed to a very dilute vapor of
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sulphuretted hydrogen suffer from local irritation of the eyes, nose and throat,
indicated by pain and congestion of the conjunctiva, sneezing, dryness and
soreness of the mouth and throat, and a reflex increase in the secretion of tears,
saliva, and mucus. Headache, dulnoss, giddiness, and loss of energy are com-
plained of; the symptoms frequently appear only some time after the exposure
to the poison. Death in animals exposed to these dilute fumes is due in part
to edema of the luugs caused by the local irritant action. One part of hydro-
sulphuric acid in 5,000 of air is sufficient to induce symptoms in man, and an
atmosphere mntammg one part in 2,000 can be respired for only a short time,
and gives rise to alarming svmptoms about one part of hvdmsulphurlc acid in
1,000 parts of air is sufficient to poison a man fatally in ten minutes.

The poisonous effect of sulphuretted hydrogen is due in part to its local irri-
tant action, in part to its directly affecting the central nervous system. The
changes in the blood occur during life only after very concentrated gas is inhaled,
although they may indicate the powson after death from more dilute vapor,
for the tissues in general tend to assume a green color sooner after hydrosulphurie
acid poisoning than in the course of ordinary putrefaction.

Hydrogen sulphide is destructive to most forms of life, even when present
in comparatively small amount. The microbes of putrola(tmn which produce
it themselves, are eventually killed by this gas, unless it escapes freely.

PREPARATIONS.

Porassa Surrurata (U S P.), Porassa SunrruraTa (B. P), liver of sulphur
(Hepar Sulphuris), is a mixture of polysulphides and thiosulphides, often con-
taining sulphate of potassium; irregular brownish or greenish pieces soluble in
water and possessing an unpleasant saline taste, and an odor of hydrogen sulphide.

Sulphurated potassium is used to a very limited extent as an external applica-
tion in certain skin diseases, particularly in acne, and to destroy skin parasites,
such as that of scabies. It is used as an ointment (1 part to 10 parts), and is
somewhat irritant.

Sulphides, especially barium sulphide, are used occasionally to remove hair.
They cause destruction of the hairs but not of the follicles, so that the hair
continues to grow.

Many mineral springs contain hydrogen sulphide in small amount, and these
have obtained wide celebrity in the treatment of various chronic respiratory
and skin diseases and in syphilis, gout, rheumatism, and chronic metallic poi-
soning (lead, mereury). Most of these springs are hot, and it is open to question
whether the small amount of the gas contained in the water is of any eflicacy,
and whether the heat of the water and the hygienic conditions are not the true
cause of the improvement observed in these cases. Sulphur baths are also
formed artificially by the addition of sulphurated potassiunm: (2-8 oz.) to an
ordinary hot bath; a small quantity of acid is sometimes added, in order to
free the hydrogen sulphide more rapidly.
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3. Iodides.—Although the iodides have been more largely used in
medicine than any of the other salts of the alkalies, their mode of action
is still in many ways obscure. The attention of investigators has been
drawn to the symptoms of poisoning rather than to the therapeutic
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action, and the effects seem to vary considerably not only in different
individuals, but also in the same person at different times.

Symptoms.— Large quantities of the iodides cause irritation of the
stomach from their salt-action and induce nausea and vomiting, more
rarely diarrhcea; but these symptoms are quite distinct from those
known as Tedism, which may arise from comparatively small quantities,
and which are most commonly seen when the remedy has been admin-
istered repeatedly.

The commonest symptom of jodism is catarrh of the Respiratory
Passages, more especially of the nose, which betrays itself in some
swelling and discomfort in the nasal mucous membrane, in a profuse
water secrction, and in sneezing. The catarrh spreads upward to
the conjunctiva, which often becomes swollen and congested. There may
be marked lacrimation and cedema of the eyelids. The frontal sinuses
are involved, inducing a feeling of dulness or violent headache; and the
condition may progress downward to the tonsils, which become swollen
and inflamed in some cases. Still lower it occasionally causes some
swelling and cedema or small ulcers in the larynx, and has thus caused
dyspncea, which has necessitated tracheotomy, or very rarely has
proved fatal. Bronchitis has also been observed in man, with a profuse
watery sccretion, and in animals cedema of the lungs and pleuritic
effusion have been produced by the injection of iodides. Iven small
quantities injected intravenously increase the mucus sccreted by the
bronchi.

In the Mouth iodism is often betrayed by swelling and irritation of
the throat and tonsils and by salivation, rarely by swelling of the
salivary glands. The stomach is seldom affected, the appetite generally
remaining good, but in some persons iodides induce nausea and gastric
discomfort. A single dose of iodide increases the amount of gastric
juice and prolongs the secretion aroused by the taste of food.

Skin Eruptions of different forms are also common results of the
administration of iodides, but are less liable to occur in the beginning
of the treatment than the catarrh of the respiratory passages. These
eruptions may simulate almost all known skin diseases, but the most
common forms are erythematous patches, or papular eruptions, which
may pass into pustules or into larger inflamed areas. Kczema, bulle,
pemphigus and purpura arise less frequently from the use of iodides.
In some cases a more or less defined area of cedema has been observed
in the face, especially around the eyes.

The Secretion of Urine is generally increased by the administration
of iodides, as of other salts of the alkalies, though they seem to have
no specific action on the kidneys. In rare cases albuminuria has been
observed, and some irritation of the bladder, urethra and vagina is
said to have been induced by iodide treatment, but these statements
require confirmation.

In abnormal conditions of the thyroid gland, the iodides and many
other iodine compounds often give rise to a series of symptoms which
are due to the excessive production of the specific secretion of the
gland, which itself contains lodine; these symptoms are quite distinct
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from those described as iodisin and may rather be referred to as thy-
roidism. Among these symptoms are acceleration and palpitation of
the heart, tremors, nervousness, sleeplessness and disorders of sensa-
tion, such as localized anasthesia or neuralgic pains. Sometimes some
fever or accelerated metabolisin leading to loss of weight has occurred,
and occasionally extreme emaciation and cachexia with mental depres-
sion, which only abated slowly on the abandonment of the treatment,
or which in rare cases were permanent.

In many instances small doses of ilodide may be given repeatedly
without any noticeable disturbance, but in others the smallest quan-
tity (0.2 G.) induces severe poisoning. Some authorities consider that
these small doses are more liable to cause lodism than larger ones,
but the action of the drug is so capricious that the statistics of diflerent
observers show great discrepancies, even when approximately the same
dose has been given. Thus, Haslund, treating patients with at first
3 G. (45 grs.) and then 5 G. (75 grs.) daily, observed iodism in only
12 per cent of his cases during the first few days, while others have
found iodism induced in 60 per cent of their cases after a single dose of
3 G. Snodgrass found that iodism occurred much more frequently
with doses of 5 grs. or less than with doses of 10-30 grs., and that it
could usually be stopped by increasing the dose to 30 grs. An attempt
has been made to explain these discrepancies by supposing that iodism
is only produced by impure iodides, but this is not correct, for it has
been observed in numerous cases in which the drug was absolutely pure.
Among other conditions which favor the onset of symptoms is a slow
excretion of the iodide such as is observed in some forms of renal irrita-
tion. Children seem less liable to suffer from the iodides than adults.
The dose administered has, of course, some relation to the onset of symp-
toms; thus, very large doses are more likely to induce them than very
small ones, but it seems that a tolerance is soon established in some
cases, for after iodism has been induced, and the daily dose lessened
accordingly, it is sometimes found that it may be gradually increased
until a quantity considerably greater than that originally given may
be taken with impunity. In other instances, a definite quantity may
be given for a long time without inducing symptoms, but these
may suddenly set in without any apparent change in the treatment and
without any appreciable cause. Very often it is found that the symp-
toms disappear while the treatment is continued, and recovery invar-
lably sets in when the drug is abandoned. The iodides all induce
iodism, the symptoms being apparently unaffected by the basic ion.
The condition is seldomn dangerous, but a few cases are recorded in
which cedema of the larynx resulted and proved fatal.

The iodides are not Absorbed from watery solutions applied to the
skin, but are rapidly taken up by all the mucous membranes. When
given by the mouth they are absorbed unchanged by the intestine, and
appear in the secretions within five to ten minutes. The greater part
of the iodide is Excreted in the urine, in which it appears as salts. Some
escapes by the salivary glands, however, and small quantities are
excreted by the stomach as hydriodic acid, from which free iodine may
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be formed; iodide has also been found in the tears, perspiration, milk,
sebum, and in the secretion of the nasal mucous membranes. More
iodide is found in the blood than in any of the fixed tissues; the skin is
also rich in iodide, while the lungs, kidneys and lymph glands contain
smaller quantities; the brain and fatty tissues have merely traces;
necrotic tissues take up more than sound ones because the dying cells
no longer oppose resistance to the diffusion of the salts.

By histological methods Stieglitz has demonstrated that iodides are
to be found in the parenchymatous cells such as in the secreting cells of
the kidney, in the cells of Henle’s loop. They are also found in the
hepatic cells and in the free border of the epithelial cells lining the air
passages at the secretory pole apparently being excreted.

Iodides are much more rapidly excreted than bromides, for 65-80 per
cent of the iodide appears in the urine within twenty-four hours after
its administration, and no iodide reaction is obtained from any of the
secretions a week after the treatment has ceased. Some of the iodide

Fig. 1.—Eruption due to potassium iodide.

does not appear in the urine, however, and its fate in the body has not
been very clearly traced. Different individuals vary in the amount that
thus disappears, which seems to be fairly constant for each person; thus
one patient receiving 0.5 G. of potassium iodide may retain 0.1 G., while
another after the same dose may retain 0.2 G. or more, the same pro-
portions appearing on different occasions.

The greater part of the iodide administered therefore passes through
the tissues and is excreted in the urine in the form of salts. Some of
the iodide undergoes decomposition in the body, however, for free
iodine has been found in the stomach, and an organic compound of
iodine exists in the hair and in various internal organs after iodide
treatment. The successful treatment of goitre with iodide of potassium
is also a strong argument in favor of the presence of free iodine, and the
iodine of the thyroid glands has been shown to be increased by potassium
iodide. When iodine is thus liberated in the body, it does not circulate
as such, but at once combines with the proteins, and its presence can
no longer be demonstrated by the ordinary tests.
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Campbell and Snodgrass found that after the administration of single doses
of potassium iodide by mouth, small amounts of iodine could be demonstrated
in the cerebrospinal fluid. If the salt was given three times a day the amount
found in the fluid was much greater. With intravenous injections of large doses
the amount of iodine found was greater than by the oral method of administra-
tion.

The formation of free iodine from iodides (which is, of course, quite dis-
tinct from their dissociation into potassium and iodide ions) has heen the sub-
ject of several ingenious theories, none of which have been established and
which are now chiefly of historical interest and need not be entered on here.

It is often said to be set free along the mucous membrane of the respiratory
passages and in the skin; and in this way the coryza of the former, and the erup-
tions on the latter are explained. It must be noted that free iodine has not yet
been clearly demonstrated on either of these surfaces, and that the theory has
been formulafed only to explain the symptoms of iodism. Todides have been
found in the nasal secretion, saliva and perspiration, but no free iodine.

The central nervous system and the circulation scarcely seem to be affected
by iodides. Very large quantities of potassium iodide injected into a vein are
found to weaken and paralyze the heart in animals, but do not seém to be
more poisonous than other potassium salts, and depression of the central nervous
system may also be elicited in the same way by the potassium action. Barbera
states that very large quantities of iodides paralyzc the depressor nerve termina-
tions in the medulla oblongata and weaken the peripheral inhibitory mechanism
of the heart, while Hunt found the accelerator fibres less easily fatigued after
iodide. The metabolism of the body seems little affected by iodides in most
cases, but a further examination of the excretions of patients who lose weight,
under the treatment is desirable. Grabfield and Prentiss have found that the
various iodides increase the urinary nitrogen excretion of subjects whose intake
is constant. With most of the iodides the effect is immediate but in the case of
the calcium and potassium salts the effect is considerably delayed, indicating an
action of the cations of these salts upon the nitrogen excreting mechanism. Hesse
found an increase in uric acid in hens and in total nitrogen in dogs and cats.
He concludes that the iodides increase those chemical and cnzyme processes
which are concerned in protein breakdown. Fatty degeneration of the liver is
stated to occur in some animals. The action of the iodides in therapeutics has
been ascribed by some authors to their rendering the movement of the leucocytes
(diapedesis) more active, but no satisfactory evidence has heen adduced in
support of this. Solutions of iodide of sodium are found to be more poisonous
to muscle, cilia and unicellular organisms exposed to them than are similar solu-
tions of the chloride or bromide, so that the iodide ion appears to be more fatal
to protoplasm than the bromide and chloride ion, while it is less poisonous than
the fluoride. In the frog stiffness and awkwardness in the movements are
elicited by comparatively small doses of iodide of sodium and these symptoms
have been shown to be due to rigor occurring in the muscles.

Therapeutic Uses. —The iodides are used very extensively in the
treatment of tertiary syphilis, in which they have proved invaluable.
They have also been administered in the earlier stages of the disease,
but have proved to be of little service here. In syphilitic bone disease
and ulcers, and in the gummata of the brain and other internal organs,
however, a remarkable improvement very often occurs after the iodide
treatment has been adopted. The iodide of potassium or of sodium
is almost invariably used, and is often given in large doses, up to 5 G.
(75 grs.) daily. Snodgrass, however, found that a dosage of 15 grs.
three times a day was as effective as twice that amount. The iodide is
often prescribed along with mercury, and this combination is found more
efficient than the iodide alone. In actinomycosis iodide treatment has
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proved of value, and in a rare infection known as sporotrichosis, which
arises from a fungus nearly related to actinomyces, the effects are even
more striking than in tertiary syphilis.

In syphilis and in these other diseases, the iodide does not act as a
parasiticide; the spirocheta of syphilis, for example, is not killed by
the application of iodide of potassium to a syphilitic lesion, and the
fungus of sporotrichosis grows readily in a culture medium containing
high concentrations of iodide. The specific effects of iodide in tertiary
syphilis are exerted not on the parasite but upon the tissues in which
it lives and which have reacted to its presence by the formation of
tumors; these lowly organized tumors dissolve under the action of
iodides, while the parasite remains unaffected, but is now more readily
accessible to the parasiticide drugs, mercury and arsenic. It is impor-
tant to recognize that iodide does not destroy the cause of the infection
but only removes some of the results.

It is unknown how iodide removes the gummatous tissue; it accumu-
lates in poorly nourished, necrotic tissues in greater concentration than
elsewhere, because these have lost their power of resisting the permea-
tion of salts which therefore diffuse into the cells freely. This is not
specific for syphilis, and probably other salts would also be found in
higher concentration in these tissues than in others. Kepinow found
that jodide injected intravenously in animals accelerates the autolysis
of the liver, and an analogous observation has been made by Jobling
and Petersen, who found that serum no longer inhibits the trypsin
action in the presence of iodides, and that in patients treated with
iodide the antitryptic action of the serum is lowered; it is possible that
it similarly promotes the autolytic solution of the gumma by removing
the antagonistic substances.

In many discases which are not directly attributed to syphilis,
but in which there is a history of syphilis, iodides are of value; thus,
newralgia and other nervous disturbances are often relieved by them
in persons of a syphilitic taint, and in fact, improvement is often
observed in the most diverse conditions in persons who have formerly
suffered from this complaint.

Another series of symptoms, or of diseases, which is often treated
with iodides is rheumatism in its various manifestations. The treat-
ment is of little value in acute rheumatisin, and in fact, often fails in
the chronie discase, but is occasionally attended with improvement,
although the exact conditions in which this occurs are still unknown.

The 1odides have long enjoyed some reputation in the treatment of
gottre, but the thyroid extract has proved much superior to them and
promises to supplant them entirely, as their effects are due to their
action on the thyroid secretion. The same may be said regarding their
use in obesity, which was found to be successful in some cases, pre-
sumably of thyroid insufficiency. When thyroid insufficiency is due
to the absence of iodine, while the gland cells are capable of normal
action, iodides and iodine give good results; but when the symptoms
arise from absence or atrophy of the secretory cells, iodides are valueless,
and relief is given only by the administration of the specific secretion.
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The increase in the lodine of the thyroid gland under iodide treat-
ment has been studied by Marine and his associates, who point out that
the iodine is first taken up by the gland in an inactive form and is
then slowly changed into the physiologically active combination. In
some districts in which goitre is prevalent, good results have been
obtained by giving iodide as a preventive measure; the children being
given ten doses of 0.2 G. cach during ten days twice a year. Iodide is
also administered for such purposes in the form of iodized salt. This
salt should not contain more than 1 part of sodium or potassium iodide
for each 5000 parts of salt, or its equivalent in iodine in any other suit-
able iodine compound. This form of medication may be quite uscful
for the prevention of goitre in the pre-adolescent period but the use of
such salt by adults is believed by some to be distinctly dangerous as it
is not unlikely that its use in adults may be responsible for symptoms
of hyperthyroidism. TFor the same reason self-medication by “‘goitre
cures” containing iodine or over iodinization by a physician may also
be dangerous to adults

Some skin eruptions have been found to be benefited by the iodide
treatment even when no suspicion of syphilis could be entertained.

The success attending the treatment of goutre with iodides scems to
have been the basis of their use in cases of enlarged Iymphatic glands,
scrofula, and lupus, but here the results arc very doubtful, although
some authorities allege that the iodide treatment is of value. There
is a general consensus of opinion that the old treatment of malignant
tumors, such as cancer and sarcona, with iodides is hopeless.

These salts are sometimes credited with promoting the absorption of
serous effusions, and the removal of hypertrophy of connective tissue
in the body, as in the various forms of sclerosis and cirrhosis.  Their
cfficacy in removing the syphilitic gumma was cvidently the origin of
their use here, but while the resolution of gunminata under the iodides
is beyond question, no satisfactory evidence of improvement in these
non-syphilitic affections is available.

Aneurism and arteriosclerosts have often béen treated with iodide,
and improvement is undoubtedly observed in some cases, in which
there is probably a syphilitic taint; but there seems no reason to sup-
pose that the jodides have any special action on the vessels apart from
their action on poorly organized tissue, such as is formed i syphilitic
infection, for no change in the heart, pulse or blood-pressure can be
obscrved even after prolonged treatment.!

Todides are often prescribed along with other remedies in expecto-
rant mixtures, the object being to render the bronchial mucus more
watery and less tenacious, and thus to facilitate its removal. In some
cases of asthma they have been found of value, perhaps fromn the same
action, for they do not appear to affect the bronchial muscle.

Todide of potassium is generally preseribed in chronic poisoning
from lead or mercury, and it has been shown that it exerts a definite

1 The supposed action in arteriosclerosis has sometimes been ascribed to iodides lessen-
ing the viscosity of the blood; but the experiments on which this explanation is based
are not convincing.
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influence in increasing the rate of excretion of lead in chronic poisoning
from that metal, approximately doubling the output but even so it is
not as effective as are some other agents such as acids and to a lesser
degree alkalics (Aub). The belief in the efficacy of the iodides in
mercury poisoning has suggested that they act in tertiary syphilis only
by aiding in the mobilization of the mercury stored in the tissues from
the treatment of the earlier stages, but this is incorrect, for the iodides
arc of value in cases of tertiary syphilis in which mercury has not been
previously used. It is stated that when iodide is given along with
mercury, the latter does not accuinulate in the liver, but the statement
requires confirmation.

Finally, iodide of potassium is somectimes added to other drugs in
cases of malingering, or in which it is suspected that the patient is
not taking the remedy as directed. If the iodide is swallowed it can
be detected in the urine by the addition of a few drops of chlorine
water and of starch solution, which assumes the well-known blue color.

Todides have to be used with care in cases of pulmonary phthisis,
in which they often increase the cough and expectoration, and in some
cases, it is alleged, cause hamoptysis and promote the infection of fresh
tissue. I the tuberculous nodule is broken down by the iodides in the
same way as the gumma, the bacillus may be freed, and many clinicians
deprecate the use of iodide in all forns of tuberculosis. Children have
sometimes been found to suffer from lodism from being nursed by a
person under iodide treatment.

Todism very often proves a disagrecable accompaniment of the
treatment, and is sometimes so severe as to preclude the use of the
salts, so that many attempts have been made to discover some expe-
dient by which these symptoms may be avoided, but as yet no success
has been obtained. lodism occurs less readily under the organic prep-
arations iodipin and sajodin, but it is not yet satisfactorily established
that the specific action in syphilis is induced as certainly by these as
by the inorganic iodides; in grave cases the latter should certainly be
employed in preference.

PREPARATIONS.

U.S. P

Porassi Iobipum, 0.3 G. (5 grs.).
Sopir Iopoum, 0.3 G. (5 grs.).
CaLcnl JopoBeHENAS, 0.5 G. (8 grs.).

B. .

Porassit Iopipum, 0.3- 2 G. (5-30 grs.).
Sop11 Iopipum, 0.3-2 G. (5-30 grs.).

The iodides form colorless crystals when pure, a yellowish tint indicating
the presence of free iodine. They are very soluble in water, less so in alcohol,
and are always prescribed in watery solutions, and often along with carbo-
nate of sodium or potassium, in order to prevent decomposition as far as possible.
The iodide of potassium is the one most frequently used and is less liable to
contain free iodine than the others, but iodide of sodium is preferred by some.
The iodide of ammonium is said to be more liable to cause skin eruptions and
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disturbance of the digestion than the others. Some iodide effects may also be
obtained by the use of iodide of lead or mercury, but here they are complicated
by the action of the metal, and these will be discussed along with the other
salts of lead and mercury. The external application of iodides is not attended
by any general effect, though some irritation may be induced by iodine being
liberated by the decomposition of the fats; small quantities of iodine are ab-
sorbed and changed to iodides in the tissues.

Top1ipiN (unofficial) is an iodine addition produced of sesame oil and forms a
yellow oily liquid with an oily taste. It is prepared in two strengths containing
10 per cent and 25 per cent of iodine, respectively. Dose 4-8 cc. (1-2 drs.) of
iodipin 10 per cent. ITypodermically 2-6 cc. (30-90 mins.) of iodipin 25 per cent.

Cavrcit TopoBeHENAS, SAJODIN (CyHelCOO),Ca, the monoiodobehenate of
caleium, is a colorless and tasteless powder insoluble in water.

The rapid elimination of iodide by the kidney necessitates frequent large
doses if the action is to be maintained, and these large doses in turn tend to
induce iodism. An attempt has therefore been made to introduce iodine com-
binations which are slowly decomposed in the tissues and thus free iodide con-
tinuously. For this purpose protein compounds with jodine have not proved
successful, as they tend to frec the iodine in the alimentary tract and the result-
ing iodide is eliminated almost as quickly as when inorganic iodide is adminis-
tered. Combinations of iodine with oil (Jodipin) or with fatty acids (Sajodin)
are absorbed, stored in the fat depots of the body and gradually decomposed
with the liberation of iodides. No iodine is found in the urine in the first hour
after the administration of these organic compounds and the maximum excre-
tion takes place after ten hours; the iodide reaction disappears from the urine
after eighty-four hours.

An iodine compound of tariric acid has been introduced under the name of
Todostarine (Cisllxl,0:). It is being used as a substitute for the inorganic
iodides and in small doses is perhaps used most largely as a prophylactic against
simple goitre. Closely allied compounds are Orudine, the calcium salt of iodized
fatty acids of cotton seed oil and containing about 24 per cent of iodine, and
Riodine, a solution in oil of an iodine addition product of castor oil. It contains
about 17 per cent of iodine. It should be noted that the iodine content of both
Oridine and Riodine is only from a third to a quarter that of the inorganic
iodides.
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4. Todine.—Todine possesses a local irritant action similar to, though
less intense than, that of chlorine and bromine (page 822). It is much
less volatile, and therefore comes into contact with the tissues more
slowly than these, but the chemical change is analogous, and iodides
and iodo-protein compounds result.

Action.—When applied to the Skin, it dyes it a yellow-brown or
dark brown color, and acts as an irritant, producing a sensation of
heat and itching. In very concentrated solution or in the solid form
it may cause blistering or even corrosion, but it acts more slowly than
most other irritants, and at the same time the irritation is more pro-
longed. It penetrates into the deeper layers of the skin, and small
quantities are absorbed.

The Mucous Membranes are more strongly aflfected by contact with
it; thus when its vapor is inhaled for some time, smarting, swelling
and increased sceretion are caused in the nasal mucous membranes, con-
junctiva, throat and lower respiratory passages, resembling exactly the
svmptoms known as iodism. In the stomach small quantitics may
cause slight irritation and improved appetite, but as a general rule
nausca, discomfort and vomiting follow its administration in any save
minute doses, and occasionally diarrheea has been observed after it
from irritation of the bowel. 1In cases of poisoning, the irritation of
the alimentary canal may prove fatal by inducing collapse and failure
of the heart and respiration, and iodine may be recognized in the vomited
matter and in the stools.

Solutions of iodine Injected Subcutaneously or into tumors or cysts,
formerly a common method of treatment, cause intense pain and irri-
tation, which may induce collapse and which have been followed in
some Instances by suppuration and gangrene.

Todine is Absorbed in the form of iodides, and perhaps in combi-
nation with proteins. Its fate in the body is precisely similar to that
of the iodides—it is excreted in the form of iodides, chiefly by the kid-
neys, to a less extent in the saliva, perspiration, milk and secretions
of the respiratory passages. The administration of iodine leads to an
increase in the iodine of the thyroid gland.

Small quantities of lodine may be given internally to many persons
without eliciting any symptoms except those which are clearly due to
the local action. Repeated doses, however, sometimes cause symp-
toms resembling those observed after iodides (Iodism), although these
have been much less often induced by iodine. Many other symptoms
which have been observed under iodine treatment, obviously arise from
the excessive activity of the thyroid gland, are especially noticeable in
goitre.

The preoperative usc of iodine in the form of Lugol’s solution in cases
of exophthalimic goiter produces histological changes in the thyroid
gland which are quite remarkable. The epithelial hypertrophy resolves
into the appearance of normal acinar epithelium, colloid appears in
abundance, although it is rather thin and watery. The hyperplasia of
the primitive lymph follicles, on the contrary, seems to be increased.
If the treatment is extended over a period greater than that of ten days

6
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or two weeks the amount of thin, watery colloid increases and a cer-
tain degree of enlargement of the acinary cells with lipid and vacuolar
degeneration results, accompanied by marked lymphoid hyperplasia.
When iodine treatment is persisted in for scveral months a peculiar
hypertrophy of the acinar cells often occurs— “iodine hypertrophy”—
shown particularly in adenomas. An undoubted proliferation of ade-
nomas is excited by this treatment (Warthin). In patients having
adenomas of the thyroid the administration of iodine is likely to increase
metabolism by converting the condition into an adenoma with hyper-
thyroidism.

Some Cases of Poisoning from the injection of large quantities of
lodine into cysts have been recorded. In Rose’s well-known case, the
chief symptoms were thirst, constant vomiting (the vomited matter
containing iodine), cyanosis and coldness of the shin, a small, weak
pulse, anuria and skin eruptions after a few days; and death occurred
on the tenth day. In such cases of poisoning in man the mucous mem-
brane of the stomach and intestine has been found swollen and loosened,
and in animals fatty degeneration of the liver, heart, and kidney has
been described.

Injected into the veins of animals, iodine causes acdema of the lungs,
which v. Zeissl considers to be due in part to changes in the left ventricle,
in part to contraction of the pulmonary arterioles.

Therapeutic Uses.—Jodine has been used internally in a variety of
chronic conditions, such as syphilis and goitre, and in tuberculous discase
of the glands, bones and other organs, but it has been almost entirely
superseded by the iodides, and in goitre by the thyroid preparations.

Todine, usually in the form of Lugol’'s solution, is being exteusively
used before operations for exophthalmic goitre and the discovery of its
value has done much to decrease the dangers associated with the surgical
treatment of this condition. It is usually administered in milk in doses
of about 10 minims three times a day after meals. The patients improve
rapidly under its effects—the nervousness lessens, sleep and appetite
improve, the heart becomes slower and the basal metabolism decreases.
The patient is protected against post-operative crisis. The drug is not
by any means a cure for the disease but is only to be regarded as a
temporary measure to prepare a patient for the surgical treatment of the
condition. The beneficial effects usually rcach their maximum between
ten days and three weceks after the drug is started and operation is best
done during this period. Following the favorable second and third
week of iodine administration if the patient has not been operated upon
the symptoms of hyperthyroidism gradually recur, the heart increases
gradually in rate, the nervousness returns and the basal metabolism
increases so that the condition of the patient is not so favorable for an
operation as at the earlier period. Following the operation the adminis-
tration of the iodine is usually continued for a few days.

It has been applied locally by painting on the skin in a variety of
chronic inflammatory processes, such as tuberculous glands, pleuritic
effusion, and tuberculous or rheumatic joint disease. Its action here
consists simply of a mild lasting irritation of the skin, which induces
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some congestion in the subcutaneous tissues and may thus aid in the
absorption of exudates in them and may also influence the deeper
lying tissues and organs in the same way as other irritants (see p. 224).
There is, however, nothing specific in its action, and it diifers from
the other skin irritants only in being milder in action and more enduring
in its effects. It seems unlikely that the small quantity absorbed can
have any appreciable action. Some benefit often follows from this use
of iodine in chronic inflammations, but there is no question that it is
very often applied where more active surgical measures are really
required.

Todine was formerly injected into cysts in order to induce inflamma-
tion and adhesion of their walls, and thus to obliterate the cavity. It
1s used extensively to disinfect the skin before operation (see p. 798).

PREPARATIONS.
U.S. D .

Topum, iodine, grayish-black plates, with a metallic lustre and a characteristic
odor. Soluble about 1 in 3000 of water, 1 in 12 alcohol, freely in chloroform;
is diss%lved by aqueous solutions of iodides. 0.01 G. ({ gr.). Not administered
as such.

Tincrura Ionr, contains about 7 per cent of I and 5 per cent of KI, 0.1 cc.
(11 mins.).

Tincrura Ionr Mrtis contains about 2 per cent of T and 2.3 per cent of KI.

ILiquor Topr Comrositus, Lugol’s solution, contains 5 per cent I dissolved in
10 per cent potassium iodide solution. (0.2 cc. 3 mins.).

UNGUENTUM IoDI, 4 per cent.

Oreum lovarum.  An 1odine addition product of vegetable oils containing
about 40 per cent of organically combined iodine.

B. P.

Topum, iodine.

Liquor Top1 Fortis, strong solution of iodine, strong tincture of iodine. Con-
tains 10 per cent of iodine and 6 per cent of potassium iodide in 90 per cent
alcohol.

Liquor Ionr MrTis, weak solution of iodine, weak tincture of iodine. Con-
tains 23 per cent of indine, 1} per cent of potassium iodide in 90 per cent aleohol.
0.3-2 mils. (5 30 mins.).

Liquor Tobnt SimpLiy, siple solution of iodine, contains 9 per cent of iodine
in 95 per cent alcohol. 0.2-1 mil. (3-15 mins.).

Syrurus Ferrr Iopioi, syrup of ferrous iodide, contains 5 per cent of Fel,.
2-8 mils. (30- 120 mins.).

Orzum Topisarum (lodized oil).

Unofficial Preparations of Iodine Used for Diagnostic Purposes.

In recent years iodine and certain other roentgen-ray opaque substances have
been introduced into medical practice as an aid to diagnosis. They have been
used, for instance, as an aid to diagnosis in pathological condition in the lungs or
in suspected disease of the gall-bladder or of the genito-urinary tract. Several
preparations are in use at the present time, those containing iodine being dis-
cussed here while the phthalein compounds used especially to permit visualiza-
tion of the gall-bladder will be mentioned elsewhere.

In pulmonary conditions other than those due to tuberculosis iodized oils are
sometimes employed. Oleum Iodatum (U.S. P.), Oleum Iodisatum (B. P.)
(lipiodol), contains about 40 per cent of iodine in organic combination with
poppy-seed oil. After the pharynx and base of the tongue have been anzs-
thetized, the oil may be administered by dropping it through the glottis as the



84 THE ACTION OF INORGANIC SUBSTANCES

patient inspires, or it may be injected into the trachea by mean of a curved
cannula inserted between the cocainized vocal cords. It may be given also
through a bronchoscope. More commonly it is given through a curved cannula
inserted through the cricothyroid membrane, the required amount being injected
into the anasthetized trachea, roentgenograms being taken immediately after
the injection has been completed. Usually no symptoms follow immediately
upon the administration of the oil, but in about fifteen minutes coughing may
occur with ejection of most of it. The oil which is retained usually disappears
in a week or two but it may be retained in the lungs for a considerable period.
Todism rarely follows {from this use of iodized oil unless some of the oil is swal-
lowed, when symptoms may occur.

The ethyl ester of diiodobrassidic acid under the name Lipoiodine is also used
as an aid in the diagnosis of pulmonary conditions. It contains 41 per cent of
iodine and it is usually employed for diagnostic work in a 60 per cent solution
in sesame oil in a dosage of from 5 to 20 ce.

The iodine solutions have also been employed as diagnostic agents for injec-
tion into the subarachnoid space in cases of suspected discases of the spinal cord.
However, slight irritant cffects have produced changes in the spinal fluid and
in their experimental use animals have shown signs of leptomeningeal involve-
ment so that these compounds should not be employed for subarachnoid injec-
tion unless it is absolutely unavoidable.

For renal pyelography oils should not be used except in the form of emulsions
and recently iodine compounds which are soluble in water have been introduced
for this purpose. One of these is sodium iodopyridon acetate, or Jopaz, which
was introduced under the name of Uroselectan. This compound, which contains
about 43 per cent of iodine, is very soluble in water and is administered intra-
venously in doses of about 30 G. dissolved in 100 cc. of distilled water. During
and immediately after the injection the patient may complain of a feeling of
warmth, of palpitation of the heart, and of pain in the arm near the shoulder,
or of dryness of the mouth and of thirst, but these symptoms usually pass off
in about ten minutes. Occasionally symptoms of delayed poisoning such as
high temperature and increased heart-rate with pulmonary réiles have been
reported. Roentgenograms are taken about fifteen minutes after the drug has
been injected and again in about one-half hour, during which time the drug is
being excreted most actively. Iopax is also injected by means of a ureteral
catheter into the pelvis of the kidney, using a solution of the same strength as
is employed for intravenous injection. A newer compound, Neo-iopar (uro-
selectan B), the disodium salt of N-methyl 3 -5 diodochehdamic acid, has
advantages over iopax in that a sialler dose is required and the volume of the
injected solution is less. It contains about 51 per cent of iodine.

The sodium salt of iodomethane sulphonic acid under the name of Skiodan
(Abrodil) is also used to permit visualization of the urinary tract. Skiodan
contains about 52 per cent of iodine and is freely soluble in water. For intra-
venous urography 1t is given in doses of from 20 to 40 G. dissolved in distilled
water, the average dose for an adult being about 2 G. for each 15 pounds of
body weight. The drug is rapidly excreted, about 75 per cent being eliminated
in three hours and 90 per cent in ten hours. The maximum concentration in the
urine of from 4 to 6 per cent is found within a few minutes after the drug is
injected. For intraureteral injection a solution containing from 10 to 20 G. of
the drug to 100 ce. of water 1s injected into the pelvis of the kidney. Diodrast
(perabrodil), another compound containing about 50 per cent of iodine, is used
in the same way, 20 cc. of a solution containing 7 G. of the substance being
injected slowly into the cubital vein. Hippuran, sodium iodohippurate, con-
taining about 39 per cent of iodine is also used for urography.
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V. ALKALIES.

1. Hydrates and Carbonates of the Fixed Alkalies.—The hydrates
and carbonates of potassium, sodium and lithium owe their pharmaco-
logical action entirely to the non-metallic ion, which is so much more
powerful than the metal that the latter may be discounted. In the
hydrates the active constituent, then, is —OH. The carbonates and
bicarbonates dissociate into K- or Na-ions and —CO;, but the latter
rapidly combines with the hydrogen of the water to form HCO; ions
and thus frees —OIT, so that the final effect is the same as if a hydrate
had been administered, except that the carbonates are less rapidly
dissociated than the hydrates, and, less —OI being formed, are less
violent in their action. This hydroxyl ion, then, is what induces the
alkaline reaction of the solutions and their pharmacological effect, the
metallic ion only serving as a means of applying the hydroxyl ion, but
not affecting the pharmacological action.

Action.—The pharmacological action of this group is due to their
powers of neutralizing acids and of dissolving proteins ‘and changing
them to alkali-proteins, and in a less degree to their sapomf)mg fat.
They have in addition the ordinary salt- ¢L(.tl()ll, and In concentrated
solutions withdraw fluid from the tissues.

The solution of proteins by the alkalies and the characters of the
compounds thus formed outside the body are well known and need
not be entered into here. The same solvent action is observed in the
living tissues whenever the hydrates and carbonates come in contact
with them in sufficient concentration. The hydrates are, of course,
much more powerful solvents than the carbonates, and these than the
bicarbonates. In very dilute solutions this solvent action is exercised
only on the superficial tissues, but when stronger solutions are used,
or when even weak solutions remain long in contact with the tissues,
they tend to penetrate more deeply and cause widespread destruction
or corrosion. These bodies form soluble compounds with the proteins
and are only slowly neutralized by the tissues, so that no such barrier
1s raised against their penetration as is met by some other corrosives.

Applied to the Skin, weak solutions dissolve the superficial layer of
horny matter and the oily secretions of the glands, and thus cleanse
the surface more thoroughly than water or solutions of neutral salts.
When applied for some time, they penetrate more deeply and cause
some slight irritation and redness. Concentrated solutions dissolve
the skin and cause necrosis of the deeper tissues, generally covered
by a semitransparent crust which falls off in the course of a few days,
leaving an ulcer. The solutions of the carbonates are much less cor-
rosive than those of the hydrates, and induce actual lesion of the skin
only under exceptional circumstances, such as very prolonged application.

In the Mouth the hydrates and carbonates have a characteristic
“alkaline” taste, and dissolve the superficial layers of the lining mem-
brane and the mucus of the secretions. The lips, tongue, and gums
assume a bright red color from the irritation and feel soapy to the touch.
Concentrated solutions may cause deep corrosion, as in the skin, while
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very weak solutions have no effect except the characteristic taste and
a reflex flow of saliva. The corrosion caused by strong solutions extends
to the throat and wsophagus, and may either prove immediately fatal
or may subsequently give rise to cicatrices.

The effect of the hydrates and carbonates in the Stomach has been
much disputed, and perhaps this is not surprising, as they may produce
somewhat different effects according to the dose given and the state of
_digestion at the time. They act chiefly in two ways, by directly mnodify-
ing the reaction of the stomach contents, and, secondarily, by affecting
the pyloric reflexes.  Small quantities are undoubtedly neutralized by
the hydrochlorie acid of the gastric juice and act no longer from their
alkalinity, but merely from their cffects as salts, if at all. Larger
quantities render the contents of the stomach neutral or alkaline and
thus prevent gastric digestion. Very concentrated solutions corrode
the walls of the stomach and may prove immediately fatal from caus-
ing perforation into the peritoneal cavity, while if the corrosion is not
so severe, and the patient recovers from the shock and collapse, gastrie
ulcer and cicatrices may result.

In hyperacidity of the stomach, the alkalies may be of benefit by
lessening the amount of free acid present. They have been supposed also
to stimulate gastric secretion, especially if given in small quantities
before meals, but this has not been satisfactorily proved.

Dilute solutions of the alkalies may act as slight irritants to the
stomach wall and thus improve its circulation, and lessen pain, eruc-
tation and distention, very much in the same way as other slight gas-
tric irritants, such as the volatile oils. In the case of the carbonates
and bicarbonates, this carminative action may be strengthened by the
carbonic acid liberated by the hydrochloric acid. In addition, they
tend to render the mucus less tenacious, or may dissolve it completely,
and thus improve the condition of the stomach.

The movements of the stomach are not much affected by the reaction
of its contents until these pass into the duodenum. An excessive
acidity or alkalinity of the gastric contents entering the duodenum
tends reflexly to cause spasmodic contraction of the pyloric sphincter.
Alkalies tend to hasten the emptying of the stomach if they alter the
reaction in the direction of neutrality, that is especially in cases of
hyperacidity.

In the small Intestine the alkalies have been shown to have an in-
direct effect, through their diminishing the acidity of the gastric juice.
The secretion of the pancreas is normally augmented on the passage
of an acid fluid through the pylorus, and if the acidity of this fluid be
reduced by the administration of alkalies, a smaller quantity of pan-
creatic juice is thrown into the intestine. This may again render the
digestion less complete, although the greater alkalinity of the intestinal
contents tends to increase the efficiency of the pancreatic juice already
secreted. On the other hand, in cases of hyperacidity of the stomach,
the administration of alkalies may render the contents of the intestine
less irritant, and thus tend to allay catarrh.

The alkalies administered in medicinal doses seem to have no effect
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on the intestinal putrefaction. Kast states that very large quantities
(15 G., % oz.) increase the putrefaction, probably through neutralizing
the disinfectant gastric juice.

The alkalies have been believed to have some special action on the
Secretion of Bile; but it has been shown that alkaline salts do not increase
the secretion of bile, are not exereted in it, and do not cause any change
in its reaction. Any eflect which the alkaline carbonates or hydrates
may possess in hepatice diseases would therefore seem due to their effects
in the duodenum.

The prolonged administration of very large doses of the alkaline
carbonates and bicarbonates causes chronic gastro-enteritis in animals,
and may thus prove fatal to them.

Absorption. Both hydrates and carbonates disappear rapidly from
the stomach and intestine, although the bicarbonate of sodium is some-
times credited with some laxative action; this may not, however, be
due to the same causes as in the case of the saline cathartics. All
alkalies are neutralized by the carbonic acid of the tissues, and circulate
in the blood in the form of neutral bicarbonates. This does not alter
the reaction of the blood as ordinarily understood; thus if the reaction
with litmus be taken before and after the administration of alkali, it is
found to be unaltered. On the other hand if the plasma be titrated with
an acid, more is required after an alkali has been administered, provided
the carbonic acid is driven off during the titration. After alkali treat-
ment the reaction of the blood is unchanged but the alkali available
for the neutralization of acid is augmented. Iven when the alkali
administered has been neutralized by the gastric juice, the reserve of
alkali available is augmented because a certain amount of the carbonate
of the blood and tissues is spared, which would normally have been used
to neutralize the hydrochloric acid before it could be reabsorbed. This
condition of augmented alkali can only last a short time, however, as
the excretory glands at once proceed to remove the excess. While it is
present, the tension of COs in the blood may be lower and the respiratory
centre is less active, while the alveolar air contains a higher percentage
of CO..

It was formerly supposed that the alkalinity (hydroxyl concentra-
tion) was actually increased by alkali taken by the mouth and this was
believed to influence the Metabolism, because many oxidative processes
are accelerated outside the body when the reaction is rendered alkaline.
But, as has been stated, the alkalinity is not increased in the tissues,
but only the available alkali, so that the analogy does not hold, and
examination of the metabolisin under alkali shows that the tissue change
is very little altered. The investigators of the subject have generally
confined their attention to the effects of alkalies on the products of
metabolism excreted in the urine, and have found the total nitrogen
excreted to be unchanged in a considerable number of instances, to be
slightly increased in others, and to be diminished in a few individuals.
Even in those cases in which an increase is observed in the nitrogen
of the urine, it does not always indicate an increase in the nitrogenous
metabolism, for the urine is often increased considerably and it is
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evident that the interchange of the fluids of the tissues and blood is
augmented; so that the increased nitrogen of the urine is accounted
for by the tissues being more thoroughly flushed out than usual by the
alkalies, which act in the same way as the neutral salts.

Although the total nitrogen may be little affected by the adminis-
tration of the alkalies, the form in which it is combined in the urine
and 1n the blood may be changed. The ammonia of the urine is often
diminished in amount, while the urea excretion is correspondingly
augmented. This Is especially marked in cases in which excess of
acid 1s formed in the tissues or absorbed in any way, and is explained
by the fact that this acid is ordinarily neutralized by the formation
of ammonia in the tissues (sce Acids). When, however, fixed alkali
is present in suflicient amount, as when the carbonates are gl\ en, the
nitrogen which would otherwise have been excreted as ammonium salt.\,
is formed into urea.

The Uric Acid Excretion under the alkalies has been the subject of
numerous rescarches, but, in the great majority of these, very imper-
fect methods of estimation have been used. In the few cases in which
satisfactory methods have been employed, the results have been diver-
gent, the uric acid being sometimes decreased and sometimes increased
by the alkalies. In any case the change is trifling in extent, and no
inference can be drawn as to the uric acid metabolisin from it.

As regards the Oxidation in the Tissues, the only conclusion which
seems admissible from many laborious investigations is that the tissue
waste is but little affected in amount by the administration of alkalies,
and the slight changes observed may vary not only in different species,
but in different individuals, and even in the same individual at different
times. The cause of this individual variation may be differences in the
amount of acid formed in the tissues, but may also be differences in
the local effect of the alkalies in the alimentary tract.

The organism rapidly frees itself from the excess of alkali by Excreting
alkaline salts. This excretion occurs chiefly in the urine, which becomes
less acid, or even alkaline in reaction, and in the latter event coutains
blcarbonate of potassium or sodium. As a general rule, the urine soon
regains its acidity, but when fairly large doses are given repeatedly,
its reaction may be kept alkaline constantly. This is almost always
accomplished in man by the administration of about 10-15 G. (160 -
240 grs.) of sodium carbonate in twenty-four hours, but some persons
require a still larger quantity, while others require less. A temporary
alkaline reaction lasting two to three hours may often be induced by
a single dose of 2-3 (. The alkalies have the same effect on the excre-
tion of the salts in the urine as the neutral salts—large doses increase
the sodium, potassium, and chlorides of the urine.

Dilute alkaline solutions applied to Isolated Organs generally increase their
activity for a time, but subsequently weaken it, while strong solutions are
immediately poisonous. Thus the ciliary movement of epithelium is accelerated
by dilute alkalics, the sodium salts acting more strongly than the potassium
because of the poisonous K-ion of the latter. The developing ova of sea urchins
divide more rapidly in very dilute alkaline media, hut the resulting cells are
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often irregular in shape. The heart also contracts longer and more strongly
when it is perfused with a chloride of sodium solution rendered alkaline by car-
bonate of soda than when the solution is neutral. Somewhat stronger solutions
increase its tonus and eventually cause systolic standstill. The arteries are con-
tracted in the same way by contact with alkaline solutions, and are dilated when
acids are perfused through them. Some of the secretions have also been found
to be increased by the presence of alkalies, thus the glands of the frog’s skin are
stimulated by very dilute alkaline solutions.

Strong alkaline solutions destroy all living tissues with which they come in
contact.

Therapeutic Uses.—'The caustic alkalies are used Externally to a
limited extent to remove growths, such as warts, from the skin. For
this purpose the potash pencils are employed, but they are very deli-
quescent and it is therefore difficult to linit their action to one spot,
and to the superficial tissues. When the desired extent of cauteriza-
tion has been obtained, the part should be washed with water, or with
vinegar or some other dilute acid. The carbonates are also used
externally to some extent, chiefly in baths, which they render more
irritant to the skin, and in which they tend to soften and remove the
superficial horny layers of the epithelium more than ordinary water
or solutions of the neutral salts. The carbonates are also applied
In strong solution or as a paste in itching skin discases, and often give
relief.

Internally the alkaline carbonates are used for their effect on the
stomach, and in cases of hyperacidity relieve the pain and eructation
almost instantly. As the concentration of the acid secreted by the
stomach seems to be fairly constant, the acidity of the stomach depends
upon the relation bet