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INTRODUCTION.

THosE substances are called poisons which, when
introduced into the animal economy, produce disturb-
ances of its normal functions. Occasionally the term is
restricted to substances which are active in minute quan-
tity, and when the disturbance produced by their action
threatens the life of the organism. But since these
distinctions are merely relative, they are superfluous,
especially since the scope of toxicology can be defined
by other considerations than by a definition of the word
poison ; the latter being only important from a medico-
legal point of view.

Pharmacology in its widest scope embraces the study of
drugs from all possible points of view, and the information
thereby acquired may be useful under the most diverse
conditions ;—to the physician, to enable the recognition
and proper treatment of cases of poisoning, or to permit of
the use of drugs for therapeutic purposes ;—to the public,
to permit the avoidance of noxious substances ;—to the
physiologist and pathologist, to enable the application of
nformation derived from the study of the action of poisons
to the advancement of their sciences. The study of phar-
macology can therefore be limited according as one or
more of these points of view occupy the first place in the
mind of the investigator. The public desires to know only
what substances are poisonons, that they may be avoided,
while their modus operandi is a matter of indifference.
Those poisons which are suitable for use at the bedside
will prove most interesting to clinicians.

Pure pharmacology is best advanced by the avoidance of

2



14 INTRODUCTION.

any special stand-point, in order that all of its bearings
may be equally appreciated, and still more, singe the
advancement of pure science is always retarded by a
search for that only which promises immediately practi-
cal results, The history of the progress of the sciences
teaches that nearly all the most important discoveries,
even those subsequently of the greatest practical value,
resulted from investigations untrammelled by a contin-
uous mindfulness of the merely practical. Thus phy-
siology has rendered such inestimable assistance to the
progress of practical medicine that she ean well be re- -
garded as her handmaid ; but, nevertheless, physiology is
a pure science, which, like physics and chemistry, should
be studied for its own worth, without being hampered by
doubts ds to whether its results are immediately applicable
to practical medicine or not. So also pharmacology is
growing more and more worthy of occupying a similar
position, though it must be acknowledged that, as yet, it
is not bounded by such sharply drawn lines as to consti-
tute a distinet science. Much, however, can be gained in
this direction by constantly bearing in mind that pharma-
cology has for its object the recognition and study of all
changes which a foreign body can undergo or produce,
otherwise than traumatically, in the organism, while the
questions as to whether the substance under study can
ever be likely to prove a poison to man, or whether it has
properties which warrant its use as a medicament, should
be kept in the background.

Consequently every substance which possesses any
active properties should prove of interest to the investi-
gator in the domain of pharmacology; while naturally
those substances will be preferred which are either guite
unknown, which show results entirely novel, or whose
action admits of predetermination from a theoretical
point of view, as from the stand-point of chemical compo-
sition. And it should, moreover, be remembered, that
even substances which themselves evoke no symptoms in
the organism, may form worthy subjects of pharmaco-
logical investigation as throwing possible light, in the
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changes which they undergo in the system, on the beha-
vior of other more active poisons. '

The object of pharmacology, therefore, is to acquire
familiarity with the peculiarities and actions of poisons,
to carefully analyze all processes which they evoke so as
to obtain a complete picture of their mode of action.
This object cannot be attained by mere observation of
cases of poisoning in man, although such cases, when
properly studied, may be of the greatest service; since
it is often only by such means that we are enabled to form
conclusions as to the action of the drug on man.

Experiment must be the instrument most relied on in
pharmacology ; not only because it alone permits the
study of all poisons in all doses, and on the most various
organisms ; but because it is indispensable to the acquire-
ment of any more profound knowledge of the modus
operands of poisons than can be obtained by a mere in-
spection of cases of poisoning.

Observation of cases of poisoning only furnishes a
coarse method of observing the prominent features of the
action of the poison, while experimentation alone ren-
ders possible that analysis of the information so acquired
which cnables the deduection of an opinion as to the
changes which the poison itself undergoes, the means by
which those changes are produced, and their results and
the special action which they may exert on individual
organs. The extent to which such deductions will be-
come possible will depend upon the perfection of the
experimental art and the state of our knowledge of the
normal functions.

Experimentation on living animals is chiefly employed
by physiologists, who are consequently pre-eminently
suited for the study of pharmacology. But this is not
the only explanation of the fact that the authors of
most of our most valuable papers on the action of drugs
are practical physiologists ; a deeper-lying reason for the
devotion of physiologists to pharmacology is to be found
in the fact that nearly every addition to our knowledge
of the action of a poison marks at the same time an ad-



[ 1 | I » »










PART I.

STUDY OF THE ACTION OF A POISON ON
ISOLATED ORGANS.

TuE organs of the cold-blooded vertebrates, especially
the frog, are best suited for this method of pharmacologi-
cal investigation, since, as a rule, they are equally with
those of mammals susceptible to the action of poisons, and
they may be isolated from the circulation for quite a while
without undergoing any essential alteration. Not only
excised organs, such as the heart, muscles, nerves, ete.,
can be used for this purpose, but the action of the drug
can even be restricted to certain portions of the economy
while still in the body ; since, on the one hand, their
exposure does not necessarily entail any general dis-
turbance of function, and, on the other, the execlusion
from the circulation of certain parts of the body neither
destroys the functions of the isolated parts nor interferes
with the normal condition of the remainder. For ex-
ample, the action of the poison can be limited to one
extremity ; or the entire body, with the exception of one
extremity, can be exposed to its influence.

Until quite recently, the only organ of warm-blooded
amimals which was capable of isolation for pharmaco-
logical studies was the blood, whose physiological status,
especially when kept at the normal temperature, is
readily maintained outside of the body.

[By improved methods of research this line of study
on mammals can now be greatly extended. The methods
will be given in their appropriate chapters.]
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Secrron I.—Action on the Blood,

Blood in considerable guantities can be readily ob-
tained only from warm-blooded animals, the selection of
the animal depending on the special point to be studied :
thus, when alterations in the hsemoglobin are to be ex-
ammed it 1s advisable to employ easily crystallizing
blood, guch as that of the horse, dog, or guinea-pig.

[In order to collect blood, either "avterial or venous,
uncontaminated with foreign matters, it is necessary to
1solate the artery or vein and insert a canula into the
vessel. Various forms of canulee may be employed.
The simplest, and therefore the best, 1s readily prepared
by drawing out in a lamp or gas-flame,a piece of narrow
glass tubing until the desired diameter is attained ; when
by further heating the points of junction of the narvow
portion with the remainder of the tube, and gently draw-
ing out the tube, a constriction is made at these points,
e and b (Fig. 1, D). The narrow portion of the tube

Fig. 1.

A is the ordinary form of metal canula, with a ring at ¢ by which it can be
tied to any larger tube. B is a holder made of a metal tube with a woeoden
point to facilitate the introduction of 4. D represents the manner of making

glass cannlae,

is then gently heated over a small flame, drawn out
and then filed across at e. The point of the canula thus
made is then to be ground down obliquely by rubbing on
a hone and the edges rounded in the flame; the larﬂ'L
end of the canula is now tied into a short piece of rubber



ACTION ON THE BLOOD. 21

gubing and is ready for use. In this way a number of
canule, which are easily cleaned and inserted, can be
made in a few minutes.

In order to insert a canula into a vessel the surface
must first be freed from hair, and after narcotization, ﬁ:hen
permissible, the skin divided by an incision about an inch
long in the line of the vessel. The connective tissue and
subcutaneous muscles over the vessel may then be torn
away with a pair of blunt hooks, or two pairs of forceps,
and the vessel carefully and thoroughly freed from1ts con-
nective tissue sheath ; on the success of this step, particu-
larly in the case of veins, will depend the readiness with
which the canulacan be inserted, since after the vein has
been opened it will immediately collapse and 1t will then
be found much easier to insert the canula into the space
between the sheath and vessel than into its proper place.
Ordinarily, except in the case of large animals with strong
connective tissue fibres, this method of exposing the vessel
is preferable, in the avoidance of hemorrhage, to the use
of any cutting instrument; when, however, knife or scis-
sors must be employed, the bleeding, if any is caused,
must be controlled by ligatures or torsion. After the
vessel has been exposed, a pair of forceps can be passed
under it and then opened, thus serving to maintain the
vessel in a position where it can be readily operated on.
Three ligatures are then passed under the vessel; if it
is an artery, the one farthest removed from the heart is
first tightly tied, so as to occlude the vessel, and the one
nearest the heart is then tied in a slip-knot so as to be
readily removed. A snip is then made in the vessel
midway between the two ligatures with a pair of scissors
which cut well at their points, and the canula, which may
conveniently be held on a piece of wood, then inserted
towards the heart and bound fast by the middle thread,
the knot being tied around the neck of the canula. The
canula 1s further prevented from slipping out by bring-
ing the ends of the middle ligature parallel with the tube
and then eneircling them with a thread tied around the
large end of the tube, and tying the ends of both sets
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together. 'The same manipulations are nused when it is
desired to insert a canula into a vein, with the exception
that the proximal ligature is first tied so as to distend
the vessel, and the slip knot then tied with the distal liga-
ture, the canula pointing towards the periphery instead
of towards the heart, as in the case of the artery. In-
stead of slip-knots, spring-clips may be used to compress
the vessels. Blood is then collected by connecting the
canula with a clean glass tube leading to a well-cleaned
vessel of any sort, preferably glass, and then untying
the slip-knot, or removing the bull-dog forceps or clip.

In order to colleect blood free from access of air, the
canula may be counected by tubing with the upper end
of a burette, protected by a stopcock, the lower end of
which communicates, a stopcock intervening, with a
movable vessel containing mercury. The mercury reser-
voir is first to be raised to such a height that the mercuary
rises to the top of the burette and commences to flow
over; the lower stopcock 1s then closed and the reservoir
depressed ; the clip or knot is then removed from the
vessel and the instant the blood reaches the end of the
tubing connected with the canula, all air being expelled,
the end of the tube is slipped over the top of the burette
and bound fast. On now opening the lower stopcock
of the burette the mercury falls and draws after it into
the burette the blood from the vessel. = As soon as
enough is obtained, the stopcocks are closed, and the
tube may be shaken to defibrinate its contents.]

In addition to the action of the drug on blood removed
from the body, it is often advisable to examine the blood
while still circulating in the vessels, as can be readily
done in the tongue, or swimming bladder of frogs, or in
the mesentery of mammals, with the aid of the microscope ;
in such experiments the poison is injected into the general
eirculation.

As far as pharmacological studies have yet taught, we
may have to deal with the following forms of alteration of
the blood produced by poisons. We commence with those

most readily detected.
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1. AvreraTrioNs IN CONSISTENCE, FROM ACTION ON
THE ALBUMINOIDE OF THE Broop.—Caustic alkalies can
convert the blood into a gelatinous mass by the produc-
tion of alkali-albuminate. By prolonged action, alcohol
coagulates the albuminoids of the blood ; many metals, al-
cohol by short action, aniline, ete., precipitate them.
Precipitation of globulin is produced by acids, and when
in concentrated solutions, other albuminoids also are
thrown down. Alterations in color ordinarily accompany
changes in consistency ; these will be subsequently
studied.

As a rule it will .not be possible to determine the
character of the precipitate ; at least when some general
idea of the action of the substance experimented with is
not already possessed, no general rule for its closer study
can be given, since so little precise knowledge is pos-
sessed of the alterations of the albuminoids, that each case
requires a special chemical study. It may be recom-
mended, however, in order to obtain some conception of
the nature of the albuminoid to whose alteration the
changes are due, not only to experiment with blood
collected directly from the artery or vein, but also to
examine into the action of the poison on defibrinated
blood and on blood serum.

2. ALTERATIONS IN THE ALKALINE REACTION OF THE
Broon.—The reaction of the blood cannot be directly
tested with litmus paper. One of the simplest methods
is that recommended by Kihne.! It consists in placing
the blood in a small dialyzer, made by moulding a piece
of parchment paper into the form of a minute cup, and
floating the dialyzer on the surface of a little distilled
water in a watch glass. A little blood is then placed in
the dialyzer thus constructed and after a short interval
the reaction of the colorless drop of water in the watch-
glass is tested.

[This method is, however, not perfectly reliable, since

V Archiv f. Path. Anat., xxxiii. 95.
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the blood will probably coagulate before the reaction
can be determined, and the alkalinity may possibly be
thereby altered ; but, though not giving, strictly speak-
ing, the reaction of fresh blood, it will generally serve
the purpose.

Liebreich recommends the use of a slab of neutral
plaster of Paris stained with neutral litmus solution; a
few drops of blood are allowed to fall on the slab, and,
after a few seconds washed off with a little water: the
blue coloration can then be detected where the hlood
rested. In order to determine the degree of alkalinity,
a standard solution of tartaric acid may be made by dis-
solving 7.5 grm. of cerystallized tartaric acid in a litre of
distilled water; 1 c. ¢. of this solution should exactly
neutralize 0.004 grm. of sodium hydrate. The acid
solution is added from a burette to 50 or 100 c. c. of the
serum or blood, a drop of the mixture being placed from
time to time upon the slab colored with litmus; the ad-
dition of acid is continued until the reaction is faintly
acid. The alkalinity of the blood may then be expressed
as corresponding to z milligrammes of sodium hydrate
per 100 c. c. of blood.]!

An even shorter method [ based on the fact that blood
coloring matter does not diffuse out of the blood cor-
puscles into strong solutions of common salt] 1s that
advised by Zuntz.? A drop of blood 1s placed on a strip
of glazed litmus paper which has been previously moist-
ened with a concentrated solution of sodium chloride, and,
after a few minutes’ contact, drawn up with a pipette or
filter paper. It is only necessary to be sure that the
salt solution, which itself often hecomes alkaline when
kept for any length of time in glass vessels, 1s neutral.
By this process it is also possible to determine the
degree of alkalinity of the blood by adding standard
solutions of acid to the blood and employing this method
to determine when the reaction is acid. [It may, how-

I Gamgee, Physiological Chemistry, vol. i. p. 177.
2 (CCentralb. f. d. Med. Wissen., 1867, 531.
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ever, be objected to this method, that the addition of the
salt causes alterations in the corpuscles, producing
shrinkage and osmoses into the blood plasma. Schéfer!
recommends the use of the delicately colored glazed
English litmus paper; all that is necessary, according
to him, is to place a drop of blood on the paper and after
a few seconds to wipe it off. The blue patch will indi-
cate the alkalinity, since the alkaline salts will soak into
this paper faster then will the heemoglobin. ]

3. ArrEraTioNs IN THE REp Broop-CorruscrLes.—For
studies on this point, when the poison is a liquid and
not volatile, a few drops of perfectly fresh, defibrinated
blood are placed on an object-glass, covered with a cover-
slip, and a drop of the poison placed on the slide and
allowed to mingle with the blood under the cover-slip.
If it is not desired to study all the steps in the process
of change, if any should be produced by the drug n
question, the poison and the blood may be first mixed
and a drop of the mixture then placed upon a slide and
examined under the microscope. If, however, the drug
is in the form of a solution, great care must be observed
in attributing the results to the action of the drug, as
there is scarcely any known solvent which does not itself
produce change in the red blood-corpuscles; in such
cases control experiments must be made with the solvent
alone. In suitable cases, 0.5-0.T per cent. solution of
sodium chloride, which itself produces no sensible action
on the corpuscles, may be used as a solvent. If the
drug is a volatile liquid, the blood may be subjected to
the action of its vapor by passing air or any indifferent
gas through the liquid and then through the blood, in
the manner to be described under the study of the action
of gases [or any of the gas-chambers, e. ¢., Stricker’s may
be used].

The simplest method of subjecting blood to the action
of gases or vapors, is to pass them through a tube reaching

I Journal of Physiology, Jan. 1882,
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to the bottom of the vessel in which the blood is contained.
The process may be accelerated by closing the vessel
which contains the blood after the air has heen displaced
by the gas, and then agitating. If it is desired, during
the action of the gas, entirely to prevent the access of
air, a small quantity of blood may be passed up into an
ordinary Torricellian barometer tube, and then the gas
conducted through it ; the action of the gas may then be
facilitated by closmg the open end of the tube with the
finger and then shaking, though 1t shonld be remembered
that shaking blood with finely divided solid particles, and
therefore probably also with the globules of mercury,
may itself canse an alteration in the blood corpuscles.!

The continuous passage of gases through undiluted
blood, as is here desirable, is, by any of the methods yet
mentioned, an extremely unsatisfactory and incomplete
procedure on account of the foam produced ; since each
gas bubble only comes into partial contact with a limited
portion of the blood, and the complete result of the treat-
ment may only appear after a long interval of time. By
the following method,? however, the object is rapidly
attained ; a vertical glass tube, about 5 mm. in diameter,
and on which there may with advantage be blown a
number of bulbs, is to be bent at its lower end so as to
form a short arm forming an acute angle with the verti-
cal portion of the tube. A small portion of blood 1s now
drawn by suction into the tube so as to occupy a part of
both of its arms and the shorter arm is then connected
with the gas generator. 'The gas then forces the blood
up into the vertical arm, bursts through it in bubbles,
and the blood flows back along the sides of the tube to
be again forced up by the gas, thus always bringing fresh
surfaces into contact with the gas, and producing a com-
plete action in the shortest possible time.

In certain special cases, it may be desirable to keep

1 Compare A. Rollet, Sitzungsber. d. Wiener Acad. Math. Natur.
Wissen. Cl. 2 Abth. lii. 246.
2 Hermann, Arcli. f. Anat. u. Phys. 1865, 471,
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the blood, which has been subjected to the action of the
gas, free from access of air; it is then only necessary to
seal the tube, after introducing the blood and gas, by
fusion at two points where it has previously been drawn
out to a thread. If it is necessary to observe the action
of the gas at a high or low temperature, the tube may
be bent in the form of a \/, and during the experiment
unmersed 1 a water-bath or cooling-mixture.

The methods as yet deseribed do not permit of continu-
ous observation from the commencement of the action of
the gas on the blood-corpuscles; this, however, 1s ren-
dered possible by the use of the difterent forms of gas-
chambers for microscopic use, most of which also permit
of the object being studied at different temperatures.!

The alterations of the red blood-corpuscles produced by
different agents,? as far as are yet known, may be changes
in shape or color, or complete decolorization or solution.
The latter two processes, of which the first may, for ex-
ample, be produced by water, and the second by ether,
cause the blood to assume the appearance known as
““laky.”” While normal blood, even in the thinnest
layers, is perfectly opacue, and when allowed to flow
down the side of a glass forms irregular streaks, after
decolorization, or solution of the red corpuscles, it be-
comes transparent and perfectly homogeneous, like red
varnish. Under the microscope, in both cases, the serum
s seen to be colored, and the corpuscles are either entirely
visible, or in simple decolorization, oceur in the form of
perfectly pale, scarcely perceptible spheres. [ Stro-
mata’ according to Rollet. ]

The change of the disk-shape into the spherical form
seems always to precede the loss of color, even when
the latter is caused by the total solution of the corpus-
cle. In addition to this spherical alteration in the
shape of the red blood-corpuseles, they may also take on

I Kithne, Arch. f. Path. Anat, xxxiv. 423, and Stricker’s Hand-
bueh, p. 411.

* The alterations produced by heat, cold, electricity, ete., do not
fall within the provinee of this work.
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a Jagged, contracted form (crenated) from the action of
certain reagents, for example, as occurs on the addition
of concentrated salt solution or on drying.

Alterations in color of the corpuscles will be mentioned

under the heading of changes in the coloring matter of
the blood.

4. AvrerarioNs IN THE WHITE Corruscres.—The
white blood-corpuscles may be studied in precisely the
same manner as the red. In the former case, however, it
1s necessary in addition to examine into the effect of the
agent on the contractility of the white corpuseles : this
may be accomplished by experimenting with a drop of
blood on the warm stage of the microscope.

5. ALTERATIONS IN THE COAGULABILITY OF THE BLoop.
—In order to form any conclusion as to this point, it is
evidently necessary to subject the blood to the action of
the poison the instant that 1t leaves the bloodvessels. Co-
agulation may be either accelerated, retarded, or pre-
vented.

Should the blood, after the addition of the poison,
appear to coagulate more rapidly than normal, a control
experiment must be made by adding some of the poison
to defibrinated blood in order to determine whether the
coagulation is due to fibrin-formation or to the coagu-
lation of albuminoids, ete. [The eoagulum formed, and
the process of its formation, may also advantageously he
examined under the microscope.]

According to the researches of Alexander Schmidt,!
retardation or prevention of coagulation depends upon
action of the poison either on the fibrinogen or the fibrino-
plastin.

When, therefore, coagulation is retarded, the mode
of action may be determined by allowing the drug to act
eitheron isolated fibrinogenor fibrinoplastic substance, and
then determining their individual activities. Fibrinogen

1 Areh. f. Anat. n, Phys. 1861, p. b4b, 675 ; 1862, 428, 533.
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can be readily obtained in the pericardial fluids of man
or other mammals, and in most hydrocele fluids ; its pres-
ence, however, in these liquids must be first established
by the production of a coagulum when they are added to
the serum obtained by subjecting blood-clots to pressure.
Fibrinoplastic substance may be obtained from the fluid
thus obtained from blood eoagula. Fuller details for in-
vestizations on these points must be obtained from
Schmidt’s memoir.

[The comparatively recent researches of IHammarsten'
on the chemistry of blood coagulation have rendered
necessary some modification of the theories of Schmidt
and Buchanan. Aeccording to his investigations the evi-
dence is decidly in favor of the view that fibrin is pro-
duced by the decomposition or change of fibrinogen, and
that this change is connected with the presence of a
ferment derived from the breaking down of the white
corpuseles, or, perhaps, from the granular bodies recently
deseribed by Bizzozero. Paraglobualin, or the fibrino-
plastic substance, is therefore only indirectly, if at all,
connected with the process; at any rate the idea that
fibrin ean only be formed by the union of fibrinogen and
fibrinoplastin in the presence of a ferment is no longer
tenable,

The same methods, however, can be employed as indi-
cated above, since the ferment 1s contained in the serum
expressed from blood clots. |

6. ALTERATIONS IN THE COLORING MATTER OF THE
Broon.—For studies on this point it is advisable to dilute
the blood which has been treated with the poison, with
water, so as to be able to study changes in its color with
transmitted light; generally the dilution should precede
the addition of the poison.

Changes in hsemaglobin are best and easiest studied
by means of the spectroscope, as desceribed in Hoppe-

I Pliiger’s Archiv, xiv. xvii. xviii, xix,
by
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Seyler’s Chemische Analyse. [See also the paper by
Gamgee on the action of * Nitrites on the Blood,” Proc.
of the Roy. Soc., 1868, p. 339.]

7. ALTERATIONS IN THE (GASES OF THE Broop AND
IN THE POWER OF ABSORBING (ASES.—From the fact
that when blood is drawn from a vessel changes in the
proportion of its contained gases at once commence, the
action of a drug on the blood gases can be only partially
determined.

For example, if oxygen 1s diminished in proportion, or
entirely absent, it would be made evident by the change
of color to a dark venous hue and by the characteristic
spectroscopic changes ; changes in percentage of carbonie
anhydride are however much more difficult to establish.

Accurate experiments on either of these guestions are
extremely difficult ; the blood must be collected without
access of air and then subjected to the action of the
poison and the gases then determined; orits power of
absorption for certain gases established after the blood,
from which all gases have heen exhausted, has been
brought under the influence of the poison. Both these
processes are complicated and will be rarely requisite
in pharmacological studies : they will therefore not be
entered into here.

8. ALTERATIONS IN THE OzoNE AND OZoNIZING POWER
oF THE Broon.—For the determination of the first of
these points, the blood must be preserved throughout
free from air, since ozone is formed as soon as blood
comes in contact with the atmosphere. The blood must
therefore be collected in a vacuum, or in an atmosphere
free from oxygen, then mixed with the poison, and the
surrounding air, which is then allowed access, tested with
freshly prepared guaiacum test-paper (or strips of paper
moistened with a solution of iodide of potassium and
starch ; it ozone is formed it will unite with the potassium,
the iodine will be set free and color the starch blue).
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Full details for such studies will be found in Kiihne
and Scholz on ¢ Ozone in the Blood.™"!

In order to determine the ozonizing power of the
blood, it must be treated with carbon monoxide gas, ex-
hausted of oxygen, and then brought under the action
of the poison; the presence or absence of ozone in the.
air can then be determined by test papers. In order to
determine the readiness with which the blood yields up
its ozone (?) a more delicate test than gualaec must be
employed ; the best process is to add a small quantity of
tincture of guaiacum to a drop of oil of turpentine and
“then a few drops of the blood which has been acted on
by the poison. If the power of transferrence is unaltered,
the fluid will immediately become dark blue,

For the study of other alterations of the blood, such
as precipitation, or alterations in the poison produced
by the action of the blood, no general rules can be given.

SectoN [1.—Action on the Muscles.

Only a few poisons are suitable for direct application
to excised muscles; of course in these cases, the muscles
of cold-blooded animals alone can be used, those of the
frog being nearly always selected.

Since most poisons must be used in the form of a solu-
tion, and since nearly all solvents, even distilled water,
are 1rritating to muscles, the direct immersion of a mus-
cle m a solution of a poison is always a doubtful experi-
ment. A solution of common salt, 0.5-0.7 per cent., is
the most neutral solvent that can be selected.?

A better method than the immersion of the muscle
in the solution, is to determine the local action of the
poison by injecting the solution into the bloodvessels ;
[this can be readily accomplished in the frog by insert-

ing a canula in the bulbus aorte, washing out the circu-
-

! Arch. f. Path. Anat., xxiii. p. 96.
2 Hee Nassge, Arveh. f. d. ger. Physiol, ii, 97.
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lation with salt solution, and then making an injection
- of the poison. DBy this means the effects of local action
on the museles can he readily studied.]

(ases and vapors are best suited for diyect applica-
tion to the museles ; to accomplish this, the muscle is sus-
pended in a bottle, or eylindrical vessel, closed by a eork
through which pass two tubes ; one simply traversing the
cork, the other, through which the gas is to be conducted,
passing to the bottom of the vessel and dipping under
the surface of a layer of water. When the gas is forced
through the vessel it comes in direct contact with the
muscle and, at the same time, keeps the atmosphere
around the muscle saturated with aqueous vapor, a con-
dition absolutely necessary for all experiments on muscles
or nerves.

It is convenient to so suspend the muscle, that it can
be readily irritated while still within the vessel. A fine
wire, passing through the cork and ending 1n a hook on
which the tendon or bone is suspended, can serve as one
electrode ; a very light metal hook, connected with a
fine spiral wire which also passes through the cork,
can be inserted in the other tendon and serve for the
second electrode. For experiments with gases and
vapors the thinnest possible museles, such as the sartorius
of the frog, must be selected, since the gases act solely
on the superficial fibres.

For the majority of poisons it is best to first adminis-
ter the drug, in a way which will be later indicated, to
uninjured animals, and then, after the action of the
poison has become evident, to excise their muscles for
investigation. It is very often desirable, as a control
experiment, to study at the same time an unpoisoned
muscle of the same animal. In the frog, which is alone
suitable for such experiments, single groups of muscles
may readily be protected from the poison by ligation of
their arteries before the drug is administered. This is
most easily accomplished by shutting off the blood supply
from one entire limb by ligation of the common iliac
artery, or the femoral artery may be ligated at the
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upper part of the thigh and the foot and leg of that side
be thus cut off from the circulation. :

[Ligation of the bloodvessels of a limb will not mva-
riably succeed in preventing access of the poison to that
member, since Ringer and Murrell’ have found that cer-
tain substances, such as potash salts, are capable of be-
ing diffused through tissues shut off from the eirculation
almost as rapidly and as thoroughly as when their blood
supply has not been interfered with. In cases, therefore,
where ligation of the blood supply of a limb appears to
produce no modification in the character of the symptoms,
which on other grounds are presumably of peripheral
origin, the tissues should always be examined for the
presence of the poison. |

The ligation of a common iliac artery is performed in
the following manner: The frog being fastened on his
belly, in the lower part of the back three bony lines are
easily detected, the two iliac bones and between them
the coceyx; an incision is to be made, parallel to these
bones, between the ilinm and coceyx, through the obligue
muscular mass, the ileo-coceygeus; the iliac plexus can
then be seen, composed of the prominent nerve trunks,
lying deep within the peritoneal cavity, and at its inner
border, the common iliac artery. The artery can then
be readily isolated with a delicate blunt hook, and a fine
thread passed around it and ligated.

To ligate the femoral artery, a frog is fastened in the
same manner and a longitudinal ineision, m, n (Fig. 2.),
made through the skin in about the middle of the posterior
surface of the thigh; a deep longitudinal furrow is then
seen lying between the vastus externus on the outer side
and the semimembranosus on the inner side, with the thin
round biceps lying in the furrow (Fig. 8); on drawing
the vastns with the biceps towards the outer side and cut-
ting through the fascia, the seciatic nerve and femoral
artery are seen running together, the latter being easily
recognized by its black pigmentation ; it is to be sepa-

L Journ. nf.I’hyr-:., vol. i. pt. 1.
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great care being taken not to stretch the nerve or injure it
with the scissors. The most difficult part to isolate
safely is where the nerve enters the
Fig. 4. abdominal cavity. When the spinal
column is reached, the plexus which
forms the sciaticis to be divided. [The
preparation generally known as the
“ nerye-musele preparation’ is obtained
by a slight modification of this method.
The femur is divided abont half an inch
above the knee and the nerve prepared
as above ; the gastroecnemius muscle is
then exposed, its tendon divided as near
the foot as possible, and the muscle sepa-
rated by a blunt probe from the rest of
the leg which is then divided below the
knee. The preparation then consists
of the entire sciatic nerve from the
knee up to tle vertebral column, the
The nerye-muscle - . .
preparation. F, end KDE€-joint with a portion of femur by
of femur; N, sciatic Which it can be suspended, and the gas-
b roemius musele (Fig ) ]
tondon of gastroene. “M1L preparations of frogs’ nerves and
SEEH muscles must be carefully protected
from drying.

1. Measurements of the electro-motive power of poi-
soned muscles will be seldom reguired, since there seems
to be ground for believing that the electro-motive power
runs parallel with its irritability. Should, however, it
be desired to examine into this question, the methods may
be obtained in Du Bois Reymond’s writings.

2. The alterations which are generally met with in
muscles subjected to the action of poisons are changes
in irritability, oecurring in various degrees.

Muscular irritability may be estimated either by the
direct-or the indirect method. In general, the presence of
muscular excitability, as evidenced by indirect stimulation
(i. . by nerve irritation) presupposes the existence of di-
rect excitability, although it is conceivable that muscles
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may be susceptible only to stimuli coming through the
nerves. IExamination of indirect muscular exeitability
includes, therefore, the examination at the same time of
nerve excitability.

1. ExamivarioN ofF INDIRECT MUSCULAR IRRITA-
BILITY.—The general rule for this class of experiments
is that two muscle preparations, a poisoned and non-
poisoned, must be continnally compared in order to elimi-
nate changes in irritability produced by the drug from
natural changes, such as would accompany the death of
the nerve, ete. An exception to this rule is only permis-
sible when the changes produced by the drug are of the
most marked character, such as the production of entire
loss of irritability.

Both preparations must be taken from the same animal
and should be corresponding animal parts, one having
been previously protected from action of the poison by
ligation of its bloodvessels. The method has already been
given. Convulsions or fibrillar contractions caused by
the operative procedure, must be allowed to pass off be-
fore the changes in irritability, if such exist, are mea-
sured.

Unless there is some indication for the employment of
a special form of stimulation [such as mechanical, ther-
mal, or chemical], electricity is always preferable, and
the most convenient form is the tetanizing induction cur-
rent.

[ For the ordinary application of the induced tetanizing
current the most convenient apparatus is the Du Bois
Reymond induction coil. This instrument, as arranged
for use, is seen in Fig. 5. The positive pole, 2, of the bat-
tery 1s connected by a wire with the binding post a,
and the negative wire, y, with the post ; the current then
passes through the vibrator & to the screw e, and then
around the primary coil p, to the electro-magnets m m,
the post d, and so back to the battery (Fig. 5). As soon
as the current enters the primary coil it causes an instan-

t&ﬂEUqunduﬂﬂd (closing) shock in the secondary coil (not
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seen in the fizure) ; when the current passes around the
spirals m m, it renders their soft iron cores maguetic, and
therefore draws down the hammer e of the vibrator &, and
interrupts the passage of the current through the pri-

Fig. 5.
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Du Bois Reymond induction apparatus. (From Foster's Physiology.) For
explanation, see text.

mary coil, by breaking the contact between & and ¢, and
80 causes an instantaneous induced current (breaking
shoek) in the secondary spiral. As soon, however, as
the current is so interrupted, the cores of m m lose their
magnetism, the hammer flies up again, makes contact with
¢, so allowing the current to pass, is again interrupted,
and so on. The binding posts on the secondary coil are
connected with wires to the electrodes.

Ordinarily it is sufficient to compare the strengths of
current necessary to produce contractions in the poisoned
and normal museles. This can be done by first ligating
the bloodvessels of one hind leg and then injecting the
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poison into the abdominal lymph sac; the two sciatic
nerves (or gastrocnemii muscles when direct stimulation
is being employed) are exposed and divided high up;
their ends are then placed on two pairs of electrodes and
connected, a double key (Fig. 6) intervening, with the

Fig. 6.

Pohl's commutator or donble key. (From Sanderson’s Handbook.) To use
this instrument as a double key, the dingonal wires connecting 3 and 6, and 4
aud 5, are fAirst ramoved ; the binding screws1and 2 ave then connected with the
secundary coil of the induction apparatus, and 3and 4, and 5 and 8, each with
a set of electrodes. As represented in the figure, the posts 2and 4, and 1 and 3,
are electricully connected ; when the cradle is rocked so that its ends dip in the
mercury in the caps at 5 and 6, the electrodes connecting with 3 and 4 are cut
off, and 5 and 6 receive the current.

In order to use this instrument as a current reverser, the cenire wires are
placed in position as shown in the figure. The 4 pole of the battery is con-
nected with 2 and the — with 1; 4 conaequently is theé 4 electrode and 3 the
— electrode. When the eradle is rocked so as to dip into 5 and 6, the 4 carrent
passes through the eradle into 6, then across the connecting wire to 3, which
thus becomes the 4 electrode ; the — currvent follows an analogons course.

secondary coilof Du Bois Reymond’s induction apparatus.
The secondary coil is then pushed some distance away
from the primary coil (the greater the distance between
the coils the weaker the stimulus), and the current
closed in the primary coil by means of a Du Bois Rey-
mond key (Fig. 7); if no contraction is caused in the
muscle connected with the apparatus, the secondary coil
1s pushed up towards the primary until a contraction is
evoked, and the time and the distance between the two coils
recorded ; the cradle of the double key is then reversed
s0 a8 to send the current through the other electrodes,
and the weakest current which will cause a contraction
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rent graduated by a rheochord ; the opening and closing
of the circuit may be produced by an ordinary key or
by dipping one end of the conducting wire 10to a cup of
mercury in which the other end of the wire is fastened,
so making a closing shock ; when the wire is lifted out
from the mercury, it of course being understood that the
nerve or muscle is included in the cireuit, an opening or
breaking shock is made. The direction of the current
may be altered by any of the various forms of commu-
tators, of which Pohl’s is the simplest. Unpolarizable
electrodes should always be used ;! while the height of
contraction can be measured by means of Pfliiger’s myo-
graphion.

[The arrangement of apparatus represented in Fig.
8 may be used in such experiments. The induction
coil is so arranged as to allow of either single opening or
closing induction shocks being employed. When the
key F' is depressed, the current passes through the
primary coil by the two binding posts on the top of the
mstrument, without passing through the vibrator, and so
produces a single instantaneous closing shock in the
secondary coil. When the key # 1s elevated, the current
ceases to pass through the primary coil and so produces
an instantaneous breaking induction shock. The wires
from the secondary coil are short circuited by the Du
Bois Reymond key (), so that when closed the key offers
so much less resistance than the wires and parts beyond
that no current reaches the electrodes. If, therefore, it
is desired to pass a single closing shock through the
nerve or muscle, the key (' is first opened and then the
key F' closed, and the key ('is then closed before the
key F is opened; if a single breaking shock is desired,
the key ('is first closed and then the key #'; and while
the latter is closed the former is opened, and then the
current through the primary coil broken by elevating #.
A represents a convement form of moist chamber in

! Rosenthal, Eleetricitiitslehre, 2 Aufl. 57. A simpler form is de-
scribed by Hermann, Archiv f. d. Gesamt. Physiol. iv. 211,
4%
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Arrangement of apparatus for experiments on muscle and nerve.

(From Foster's Physiology.) The nerve-muscle preparation

and holder are shown on a larger seale in Fig. 9.
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which the preparation is prevented from drying by cover-
ing the bottom of the chamber with layers of filter paper
moistened with normal salt solution, while evaporation 1s
prevented by the glass shade. The nerve-muscle prepa-
raticn and a convenient form of electrodes are shown on a
larger scale in Fig. 9. Below the moist chamber is seen

Enlarged representation of holder and electrodes seen in Fig 8.
(From Foster’s Physiology.)

a simple loaded lever by which the height of muscular
contraction, or the form of the musele-eurve, can be studied
hy allowing it to record its movements on the smoked
paper of the revolving drum of the kymographion. In-
stead of the simple lever, which will of course, when ele-
vated, describe an arc of a circle, Pliiger’s myographion
lever (Fig. 10) may be employed. In very accurate
experiments non-polarizable electrodes should be used
(Fig. 11). These are readily made by plugging up one
end of a short piece of glass tubing a, with clay, 6, mois-
tened with normal salt solution ; a few drops of saturated
solution of sulphate of zine are then poured into the tube
as seen at ¢, care being taken that none flows over the
outside, and a strip of zinc, well amalgamated at the tip
and insulated by varnish over the remainder of its length,
is dipped into the zinc solution. The wires from the
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battery are connected with the zinc; the electrodes may
be conveniently held on pieces of heavy lead wire.

Phuger's myographion. (From Sanderson's Handbook.) The lever & moves
freely on the fuleva & 6 ; at £ is houg the swinging rod e, with the movable
style d, and movable counterpoise g; at e is a heavy connterpoise to balance

the lever. The tendon is connected with the lever by the thread f.

In many cases when the drug produces slight changes
in the muscle curve, Marey’s comparative myograph is

Fig. 11.

Noun-polarizable electrode,

the most satisfactory instrument that can be employfad;
the mode of using it 1s represented in Fig. 12. A frog
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is fastened on its belly with pins, and the tendon of each
gastrocnemius connected by a thread with a lever

Fig. 12.

Marey’s comparative myograph,

which writes on the revolving cylinder: the artery of
one leg is then ligated and the poison injected into the
body, and the muscle-curves, obtained by stimulating the
poisoned and normal muscle, compared. The effects on
the muscle in relation to indirect stimulation can also be
studied by exposing the sciatic nerves and applying the
electrodes to them instead of directly stimulating the
muscle. ]

In many cases where it is desired to determine simply
the presence or absence of irritability, all that is neces-
sary 18 to lay the nerve of the poisoned preparation on
electrodes connected with an induection apparatus through
which a strong current is passing. In many experiments
the irritation may even be made by means of a small
galvanic element consisting of a zinc and copper wire
fastened together with a binding screw ;! stimulation is

! Du Bois Reymond, Untersnchungen, 1 Taf. iii. fig. 19.
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then produced by making or breaking the contact be-
tween the wires and the nerve.

2. ExamiNaTioN oF DirEcT MUscULAR IRRITABILITY.
—This form of examination is only indicated when the in-
direct irritability is either entirely absent or greatly re-
duced. Muscles may be directly stimulated, either
mechanically, chemically (as by immersion in very dilute
acid), or electrically, as by bringing the electrodes of an
induction apparatus in contact with an isolated or ex-
posed muscle. The rule in this case is to have the elec-
trodes as widely separated as possible: therefore the
most convenient form of electrode consists of two flexible
insulated wires with their tips exposed, passed through
a few inches of flexible catheter and fastened together so
that about one inch of their free ends protrudes.

In all cases of direct irritation of a muscle, the nerve
fibres lying in the muscle are also subjected to the same
stimulation. If then direct stimulation of a muscle pro-
duces a contraction, even when indirect stimulation fails,
the contraction may be due to irritation of the intra-mus-
cular nerve-fibres, since the nerve endings may preserve
their irritability even after paralysis of the nerve trunks.
By an experiment devised by Kiihue! it may be deter-
mined whether this nerve irritability remains or not, it
being supposed, of course, that the muscle itself still pre-
serves its irritability.

In the sartorius of the frog, the nerve enters the
muscle at its middle point, and sends branches towards
each end, but leaves a small portion at both extremities
of the musele, near the tendon, entirely free from nerves.
If now a pair of electrodes, of which the tips are very
close together, are connected with an induction appa-
ratus, and then placed perpendicularly on the centre of
a normal sartorius, it will be found that a much weaker
current will suffice to evoke contractions when the elec-
trodes are at this point, than when they are over the por-

1 Arch. f. Anat. u. Physiol., 1860, 477.
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tions of the muscle near the tendon, which are free from
nerves. This indicates that the irritability of the nerves
is greater than that of muscle-fibre.! '

If now, in & poisoned muscle, it is found that the dif-
ference in irritability at different points of the muscle is
absent, or is much less marked than in a normal muscle, 16
may be concluded that the intra-muscular nerve-endings
have lost their excitability, or that it has been much
reduced. '

3. ExaMINATION OF THE PHYSI0L0GTCAL CONDUCTIV-
1ty oF MuscLE.—When a normal muscular fibre is irri-
tated at a single point, the resulting contraction travels
with great rapidity throughout its entire length. In
order to determine whether the muscle, when poisoned,
still preserves the property of transferring the contraction
throughout its entire length, a form of stimulation, such
as the mechanical, in which the stimulating effect is con-
fined to a small, sharply defined area, must be selected ;
the experiment is also assisted when the simultaneous
irritation of the intra-muscular nerve-fibre 1s excluded.
The portion of the sartorius which is free from nerves 1s
therefore well adapted to the investigation of this point.
The poison i1s administered to a frog, and, when its effects
become evident, the sartorius is isolated and suspended
in an inverted position by its tendon of insertion, and the
lower end of the muscle, near its point of origin where it
1s also free from nerves, divided transversely with a pair
of sharp seissors ; if the muscle is in its normal condition,
the mechanical stimulation of section with the secissors
will caunse it to contract throughout its entire length.

Studies as to changes in the rate of progression of the
wave of contraction necessitate a complicated method, for
which the appropriate literature must be consulted.?

I Rosenthal, Moleschott’s Untersnchungen, iii. 185.

* Bee Albey, Untersuchungen iiber die Fortpfanzungsgesch-
windigkeit, ete., Braunschweig, 1862. Bernstein, Untersuch-
ungen iiber die Erregungsvorgang, ete. Heidelberg, 1871-78.
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4. MEASUREMENT OF MuscurLar ENERGY.—For this
purpose comparative experiments must always be made
on both poisoned and non-poisoned muscles, and it is ad-
visable to employ excessively strong induction (tetaniz-
ing) currents, since both muscles must not only be sub-
jected to the same stimulation, but must be stimulated
simultaneously.

When it is not intended to measure the absolute
energy, the muscle may be loaded with a medium-sized
welght (about 20 grms. for the gastrocnemius), and the
height to which the muscle, with a given stimulus, can
raise the weight, determined ; then the weight is hung on
the second muscle which is to be compared with the first,
and the height of contraction, with the same stimulus,
measured. The measurement of the height of contrac-
tion 1s most easily made by means of Pfliiger’s Myo-
graphion.!

An immediate ecomparison of the energy of two simi-
lar muscles may be made by hanging them alongside of
one another and connecting their tendons with threads
from which equal weights are suspended ; the threads are
then wrapped once, in opposite directions, around a small
pulley (a spool will do) furnished with a vertical index ;
when both muscles arve simultaneously stimulated with
the same current, the index will move toward the weaker
muscle.? '

5. EXAMINATION OF ALTERATIONS IN THE CHEMICAL
ProperTIES OF MuscrE.—Little more can be noted in
this connection than the determination of the degree
of rigidity of the muscle and of its reaction; both, of
course, can only be taken into consideration when the
muscle has completely lost its irrvitability. Rigor is
easily recognized by the eye, especially when the thin-
ner muscles are examined by transmitted light, since mus-
cles in a condition of rigor become opaque; muscles in

I Pfliiger, Electrotonus. Berlin, 1859, Taf. 111.
? Hermann, Diss. de Tono et Motor Muscul., Berlin, 1853 ;
Nasse, Arch. f. d. ges. Phys,, ii. 97.
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a condition of rigor also lose their flexibility, and their
rigidity could never be mistaken for convulsions. The
most unmistakable sign of rigor, however, is the acid re-
action developed, which can be readily recognized by
touching a freshly cut surface of muscle with blue lit-
mus paper. A general idea as to which of the albumi-
noids of muscles have, by their coagulation, produced the
rigor, may be obtained by immersing the rigid muscle in
10 per cent. salt solution ; if produced by the coagula-
tion of the spontaneously coagulable albuminoid myosin,
the musele will regain its normal flexibility, myosin be-
ing soluble in salt solution ; but if due to the coagulation
of the albuminoids, which ordinarily are coagulated only
by heat, acids, etc., no such change will be produced.

The color of the musecles should also be observed, as
capable of throwing some light on the degree of im-
pregnation with coloring matters and thereby giving
some idea of changes occurring in the latter.!

For investigation as to this point, the blood must first
be washed out of the bloodvessels of the muscles by in-
Jecting them with 0.5 per cent. salt solution. The qualita-
tive examination of the muscle coloring matters (as to their
percentage of oxygen, etc.), may be made by placing
thin sections of muscle between two glass plates and
then bringing them before the slit of the spectroscope.

For more precise study of changes in the chemical
composition of muscle, no general rules can be given.

SucrroN 111.—Aection on the Nerves,

With the exception of studies relating to the electro-
motor phenomena of nerves, to which the remarks on
the study of the same points in muscles apply, iso-
lated nerves need only be examined with reference to

their power of transmitting motor impulses to the mus-
cles in which they terminate.

: I Kiihne, Arch. f. Path. Anat., xxxiii. 79.
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Possibly the examination as to the functions of secre-
tory nerves, when excised with their glands, may be
necessary to determine, by exclusion, what part of the
results following their stimulation is not due to the pre-
sence or modification of their blood supply. All cen-
tripetal (sensory) nerves, on the other hand, can be
studied only in connection with the central nervous sys-
tem and its dependent motor apparatus, and their con-
sideration must, therefore, be reserved for the chapters on
the living animal, in which their modifications are also
evidenced through changes in the character of reflexes.

At present, changes in excised motor nerves alone will
be considered.

The examination of the irritability of motor nerves has
already been alluded to in the study of indirect muscu-
lar irritability. In order to obtain any idea az to the
state of irritability of a motor nerve, the muscle, with
which 1t is In connection, must of course preserve its
contractility unimpaired, or irritation of the nerve will
be powerless to produce a contraction, and therefore
no comparison of its irritability with a normal standard
will be possible. If, however, the drug under exami-
nation produces paralysis of muscular fibres, the poison,
while having free access to the nerve, must be pre-
vented from acting on the muscle ; this may be accom-
plished by ligating the femoral artery in one leg of a
frog, near the knee (see p. 33), before the drug is ad-
ministered, thus protecting the muscles of the leg from the
poison. The sciatic nerve may then be tested as to its
irritability with some prospect of reliable results. The
readier method of immersing the nerve of an unpoisoned
animal in the solution of the drug is unrehable, on ac-
count of the grounds mentioned on page 31, and results
obtained hy this method should be accepted with the
greatest caution.

If it has been determined that the drug has no influ-
ence on direct muscular irritability, or if the irritability
of the muscle has been maintained in the manner men-
tioned above, and it is then found that stimulation of the
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nerve fails to evoke a muscular contraction, the question
then remains, what portion of the nerve, between the

oint of stimulation and its termination in the muscular
fibre, has lost its function and thereby prevents the normal
result of nerve stimulation? ‘I'o appreciate the force of
this it is only necessary to remember that every unirri-
table point in a nerve trunk is at the same fime an
obstacle to the conduction of nerve force ; and in order
to render a stimulation of a nerve of no effect, it is only
necessary that any limifed portion of the nerve below
the point of application of the stimulus should have lost
its irritability. To detect this point, therefore, succes-
sive points of the nerve are stimulated, gradually moving
the electrodes down toward the muscle, until a contrac-
tion is produced, when it is known that the paralyzed
point has been passed. If, however, stimulation of the
nerve (with a weak current) at its point of entrance into
the muscle fails to produce a contraction, it is evident,
by exclusion, that the intra-muscular nerve filaments must
be paralyzed. This supposition, again, may be verified
by the mode of experimentation on the frog’s sartorius,
given on page 46.

Through the method given above only the lower limit
of the region of paralysis can be determined; for the
detection of the upper limit of paralysis of the nerve, no
modification of this method of study, in which the con-
traction of the muscle is a measure of the irritability of
the nerve, has yet been proposed.

The irritability of a nerve-fragment may be determined,
without the use of its muscle, by the presence of the
negative variation of the nerve current. When a normal
nerve is irritated the natural nerve current suffers a
negative variation on both sides of the point of stimula-
tion, and through as great an extent of nerve as preserves
its irritability.  [This experiment is made by preparing
as long a piece of sciatic nerve as possible and resting
the cross section of the peripheral end on one non-polar-
1zable electrode connected with a very sensitive galvano-
meter, while the other electrode is placed on its longi-
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tudinal surface at some distance above ; another pair of
electrodes, connected with a tetanizing apparatus, is
then placed on the nerve as far as possible removed from
the galvanometer electrodes. If now, on passing a
current through the exciting electrodes, the deflection of
the galvanometer needle caused by the merve current
does not undergo a negative variation, it may be known
that the paralyzed point lies somewhere between the
electrodes ; 1ts exact limits may be determined by shift-
ing the electrodes.]

This method is therefore not only applicable here, but
also to the study of changes of irritability in sensory
nerves,

seerroNy I'V.—Action on the Heart.

[Of the other remaining organs which are capable of
1solated study, the heart is the most important and is
the organ which has received the greatest attention ; its
study- in detail will, however, more appropriately be
taken up under the study of the circulation. At present
we will only indicate the methods of experiment which can
be performed as an introduction to the more extended
analysis of the action of the drug on the circulatory ap-
paratus.

When kept in a moist atmosphere the irritability of
the excised frog’s heart and its regulating nerves may be
preserved for hours; the frog is therefore the animal
which is selected for these preliminary studies, though
the heart of the turtle, which also possesses these proper-
ties, may be used.

Changes in the rate of cardiac pulsation, the only
point which will be now considered, may be determined
n one of two ways: Hither the drug may be applied to
the heart in situ, after destruction of the central nervous
system, or the heart may be excised and then brought
under the influence of the poison.

To perform the first of these experiments the frog is
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¢ pithed’ by cutting through the vertebral column imme-
diately below the occipital bone and breaking up the cen-
tral nervous system by passing a stout wire up and down
the vertebral camal; this operation should he so per-
formed that little or no blood is lost. Should any
bleeding occur, it may be checked by driving a small
wooden peg into the cranium through the wound in the
vertebral column. The frog is then laid on its back and
the skin divided with scissors in the median line, and the
sternum and the upper anterior part of the visceral wall
removed so as to expose the pericardium, care being
taken not to injure the large abdominal vein which runs
in the median line on the anterior surface of the abdomi-
nal wall. . The heart is then seen lying in the pericar-
dial sac, and its rate of pulsation can be counted. A
snipis then made in the pericardinm, and the pericardial
sac filled, by means of a pipette, with the solution of the
drug, and any changes in the cardiac rhythm noted.

For studies on the action of drugs on the rate of pul-
sation of the excised heart, two frogs of the same species
and of nearly the same size should be selected, and the
hearts exposed in the manner above described ; the hearts
are then excised by eutting through all the cardiac vessels,
care being taken not toinjure the sinus venosus, or any of
the chambers of the heart. One heart is then placed in
a watch-glass containing normal salt solution, and the
other, after its rafe of beating has been determined, in
the solution of the poison ; the changes in the rates of pul-
sation of the two hearts are then compared.] It should
be remembered that many gases, if the drug employed is
of such nature, and they are gore suitable for this form
of experiment than are solutions, exert a more decided

action when locally applied than when acting through
the blood. |

h*






BEART 1

INVESTIGATION OF THE GENERAL ACTION
OF FOISONS.

Ii
SELECTION OF ANIMALS.

Tue general rules given in this section have been
drawn from the acecumulated experience of previous ex-
perimentation, and though they may serve as a starting
point for future investigations, they cannot be I'Ega,rded
as infallible. This reservation is especially applicable
to indications given for the selection of animals as sub-
jects for experimentation, since future investigations
may show that many animals, now regarded as unsuit-
able for the experimental study of the action of poisons,
may prove to be particularly valuable for the determina-
tion of special points.

The invertebrates, the warm- and cold-blooded verte-
brates, or man, may serve as subjects for the investiga-
tions of the properties of drugs. Among these, the cold-
blooded vertebrates are the most nenemll_}r employed, and
the same peculiarities which have made the frog a martyr
to physiology make him subject to martyldnm in the
cause of pharmacology. For not only m y the frog
withstand the most severe operations, but also nearly
all its organs may be removed from the circulation and
still preserve their functions unaltered.

In the warm-blooded animals, all poisons which, through
action on the heart, interfere with the circulation, or
which, through interference with respiration, alter the
proportion of gases in the blood, at the same time pro-
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duce extensive alteration in the functions of all organs;
while the same drugs administered to frogs may fail to
produce any general disturbance, particularly in the ner-
vous system or muscles. When, therefore, after the
administration of any poison, departures from the normal
funetions are observed in the muscular or nervous system
of the frog, they may be ascribed with certainty to the
direct action of the poison on these organs, without the
possibility of their being attributable to some secondary
reaction following from disturbance in the circulatory or
respiratory appa,mtus or in changes in the respuatw}r
functions of the blood. In the closest connection with
this peculiarity of the frog, may be mentioned, as has
been already alluded to in the preceding pages, the
possibility of exeising or excluding from the circula-
tion (the latter of the greatest importance, where it is
desired to protect certain tissues from the action of the
poison) the various organs of the frog without their
suffering any profound disturbance in function. If ¢ any
further advantages were needed, it might be added that
in frogs the heart is extremely easy to ¢ expose, and that
the cireulation is readily accessible for microscopic
study.

NevelthEIEEE, the imestigjmticrn of the action of all
poisons on warm-blooded animals is in the highest degree
important. The essential object of phar macology 18 in all
cases a recognition of the action of poisons on man, and
it cannot be denied that experiments on warm-blooded
animals furnish means of deducing more reliable conclu-
sions as to this point thanwhen made on frogs. In addifion
the following reasons render advisable, on physiological
grounds, the study of poisons on mammals. In the first
place the small size of many orgauns in the frog, such as
the different glands, renders an accurate study 1mpnss1ble
while in the larger mammals the ducts of .most of the
glands are readﬂv isolated, and the secretions measured
and obtained in sufficient amount for chemical examina-
tion. Then the location of deposit of poisons in the sys-
tem, their excretion, and the chemical changes which they
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undergo, can, on account of the guantities of material
necessary for chemical study, only be determined in the
larger animals. While, therefore, on these grounds,
warm-blooded animals as a class are required for the
thorongh study of the modus operandi of poisons, as a
rule it makes no difference which members of this class,
with certain special exceptions to be hereafter men-
tioned, are chosen. Before all things, however, it must
be emphasized that the general action of all poisons
which act either on the blood, the heart, or the respira-
tion, may differ in the most marked degree, even when
the action on individual organs closely corresponds ;
this is readily explainable on the grounds already men-
tioned, and the points of difference will be subsequently
more closely studied.

Then again, there are many poisons which have a
different action on different groups of animals, and to
obtain a complete idea of the action of such poisons,
various types of animals must of course be experi-
mented on. '

These are then the chief points which render the warm-
blooded animalsindispensable for pharmacological studies.
From what has been said it follows that the last of the
above-mentioned points may be worked out on the smaller
animals, such as small birds, pigeons, mice, rats, guinea-
pigs, ete., while the larger mammals, such as cats, rab-
bits, dogs, or horses, besides being more easily operated
on, are-best suited for the first-mentioned purposes.

For example, suppose that we are dealing with a
poison which has been found to paralyze the museles of
respiration in frogs, and in mammals, in addition to
the respiratory paralysis, to cause convulsions; it must
then be determined whether the convulsions are only
secondary to the interference with respiration; this
would explain their absence in the case of the frog.
The simple experiment of artificial respiration will de-
cide this in the case of the mammal, since the removal
or prevention of the respiratory disturbance, in such in-
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stances, will remove or suspend the cause of the convul-
slons.

Then too, measurements of blood pressure and the
intravenous injection of poisons, can be readily practised
only on the larger mammals.

On these grounds, therefore, rabbits and dogs are the
examples of warm-blooded animals ordinarily used for
pharmacological purposes. They furnish representatives of
the two groups of the herbivora and carnivora, on which
many drugs act in different degrees of intensity. Cats,
on account of their cheapness, would be largely preferred
to dogs, if experimenting on them was less unpleasant.
Horses, unfortunately, can be but rarely obtained for
pharmacological work ; hens, as large and cheap respresen-
tatives of birds, are very valuable for the study of many
points, though it must be remembered that many poisons,
e. g., strychnia, act in different degrees on birds and
mammals, on account of the chemical diversities in the
renal secretions of these amimals. The smaller animals,
such as mice, rats, gninea-pigs, and pigeons, may be used
to determine the general action of the poison on warm-
blooded animals. Other animals may on special grounds
be valuable subjects for study ; such as the bat, on ac-
count of its pulsating wing-vessels, rabbits on account of
the readiness with which the eirculation, especially after
depilation, may be studied in the vessels of the ear, and
albino-rabbits on account of the peculiarity of their eyes.

Associated with experimentation on warm-blooded
animals, the determination of the action of most poisons
on man is of the highest interest, since in man only
can the group of phenomena produced by action on
the sensory apparatus be studied with any prospect of
obtaining reliable results ; any correct idea as to toxico-
logical doses, data of the greatest practical importance,
moreover, cannot, as a rule, be obtained from experi-
ments on animals. All modifications of sensibility and
consciousness, and possibility of voluntary motion, can be
examined in experiments on ourselves, and the results
recorded either during the experiment or from memory
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afterwards, or experiments can be made on another and
the results communicated during the course of the experi-
ment. At the best, however, the comparison between
the drugged and normal condition, though more reliable
than similar modes of investigation on animals, 1s apt to
be very deceptive.

The invertebrate animals have as yet been very seldom
employed in pharmacological studies; general rules as
to the condition in which they are suitable cannot, there-
fore, be given, it being, however, undergtmd tha’g since
these animals only possess heemoglobin in exceptionally
small quantities, they cannot be used for the study of
drugs which act on that tissue. :

From the above it may be concluded that methodical
investigations of the action of a poison should commence
with experiments on frogs, and then on warm-blooded
animals, and later, in suitable cases, on man, if the cases
of poisoning which have been recorded in the case of
nearly all poisons do not sufficiently clear up those points
- which are alone suitable for study on man.

['The important position recently assumed by the lower
organisms, such as bacteria and bacilli, in disease pro-
cesses, renders it advisable to test the action of all new
drugs, and drugs imperfectly understood, on these organ-
isms ; but since the whole subject is at present in a
transitory condition, little more than an outline of a few
rudimentary experiments can be given.

The action on human protoplasm may be assumed to
have been already studied with the white blood-corpus-
cles ; protoplasm in lower forms may be studied in the
action of drugs on the amceba, often to be found in
moist, damp earth, or on infusoria, found in great variety
in all fresh-water infusions of decaying animal or vege-
table matter. The limit of study drawn by our present
lack of knowledge lies in determining whether the move-
ments of the infusoria, bacteria, ete., are checked by the
drug, or whether the drug furnishes a good medium for
their development; or, perhaps, it may be found that
certain substances added to the culture fluids in which
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the specific bacilli or micrococci are being developed,
may destroy their virulence without destroying their
life, or may entirely prevent their appearance.

Infusoria may be obtained in great variety and num-
bers by making an infusion of hay, or other vegetable
matter, and allowing it to stand for several days in the
open air. A drop of the fluid is then withdrawn with a
pipette and placed on a microscopic slide, covered with
a slip, and examined ; after infusoria in active motion are
found, a drop of the solution is run in under the edge of
the cover-slip, and the field again examined to see if the
infusoria are still moving. If they appear unchanged,
a drop of a stronger solution is passed in, and the field
again examined, and so on, until the necessary strength
of solution is determined, or until it is proved that the
drug is without effect. If the substance experimented
with should be a gas, a drop of the infusion should be
placed on a cover-slip, and the latter placed on Stricker’s
gas echamber, which is to be used in the ordinary manner.

As discovered by Binz, certain substances, such as
various salts, may destroy the life of infusoria by the
abstraction of water which they cause, while others, par-
ticularly.such substances as are known as antiseptics,
destroy low forms of life in some unknown manner.

Bacteria and vibrios may be readily obtained in infu-
sions of putrefying animal matter, such as boiled white
of egz, or meat, and the influence of drugs upon them
may be tested in the same manner as on infusoria. |

IModes of Securing Animals,

[Nearly all the methods of investigation of the action
of drugs hereafter to be described require that the ani-
mals, on which the experiments are made, should be
prevented from moving. This restraint may be of two
kinds, either mechanical or chemical. The latter method,
that of narcotization, is less often requisite; the con-
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ditions under which it is permissible will be given in the
chapter on anwesthetics. el

Frogs are fastened to a board, about nine inches long
by three broad, by slip-knots passed over each elbow and
ankle, while the ends of the cords are secured at the
corners of the board, either by wrapping around cleats,
or by passing them through binding screws such as are
ordinarily used in electric batteries. Or holes may be
made through the corners of the board, and the ends
of the cords passed through them, and prevented from
slipping either by plugging the holes with small wooden
pegs, or simply by tylug the ends of the cords together.

Rabbits and cats are best secured with Czermak’s
rabbit-holder (Fig. 13). 'The bar % is first passed be-

Fig, 13.
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Czermak’s rubbit-holder.

hind the animal’s incisor teeth (the canines in the case
of cats), the bar ¢ being below the lower jaw, and the
screw k& then tightened until the jaws are so tightly
compressed that the bar % cannot slip beyond the in-
cisors. The limbs are then fastened by the slip-knots at
m, and the end of the holder pushed into the fork at f,
and screwed fast. The rabbit may, of course, be fast-
ened either on its back or belly, as the conditions of the
experiment require. Guinea-pigs may be secured with
the same apparatus in the same manner, it being, how-
ever, generally necessary to pad the bars g and ¢’ with
b
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cotton, so as to prevent them from slipping over the
head.

Dogs may be secured with Bernard’s holder (Fig. 14),
the bar ¢ being passed behind the canine teeth, and the
jaws fastened together by means of a cord tied around
the muzzle, or the apparatus represented in Fig. 15
may be used. The muzzle 1s passed through the ring,
and the strap %, ¢ is tightly buckled behind the head,
and the serew ¢ tightened up, so as to prevent the jaws
being opened, while the strap prevents the head being
retracted s the animal is fastened in any desired position
by slip-knots passed around the legs and tied into the
different holes in the side-boards. It is often advisable,
when very large dogs are used, to pass the cords with
which the forelegs are tied under the animal’s body, and
then make the ends fast on the opposite sides of the box ;
by this means the forelegs are held tightly against the
animal’s sides, and the dog is rendered immovable. For
methods of fastening the larger mammals and birds, refer-
ence must be made to Bernard’s Physiologie Opératoire,
or to Livon’s Manuel de Vivisection. ]

IIi
ADMINISTRATION OF POISONS.

Ir it is desired to study only the local effects of a
poison, no special directions are required, it being simply
necessary to observe the general rules that the solvent
employed must itself have no irritant action on the part
to which the poison is applied, and that the application
should be several times repeated if the first administra-
tion appear.to be without effect. As instances of the
effects which might be obtained by neglect of these pre-
cautions, we might mention the fallacy of deducing
results from the application of an alcoholic solution to a
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mucous surface, the injection of a fluid into the lungs to
determine the local action on the bronehial mucous mem-
brane, or finally from the single application of tartar
emetic to the human skin. In nearly all cases control
experiments with the solvent alone should be made, so as
to exclude the possibility of any of the results observed
being attributable to it.

At present we will consider only the methods of ad-
ministering drugs for the determination of their gene-
ral action.

The general action of a poison, as will be found later,
commences as soon as the substance enters the circula-
tion, and lasts as long as it remains in the blood in an
unaltered condition. For the production, therefore, of
its general action, the poison must be introduced in some
way or other into the blood, either in the normal manner
by absorption through the closed walls of the bloodves-
sels, or by being directly introduced into the circulation
through an opening in the walls of a vessel.

Physiological absorption always oceurs gradually and
with varying degrees of rapidity, depending upon the
locality of the absorbing surface and the nature and
solubility of the poison; while by direct injection of the
substance into the bloodvessels any amount desired may
be allowed suddenly to produce its characteristic action.

Absorption oceurs most slowly when the drug is brought
into contact only with the external skin; more rapidly
with mucous surfaces and the internal surfaces of serous
sacs, such as the lymph-sacs beneath the skin of the frog ;
and with still greater rapidity when brought in contact
with wounds in the skin or mucous surfaces, or when in-
troduced into the subeutaneous connective tissue (hypo-
dermic injection). These last three methods have the
point in common that by the anatomical lesion the sub-
stance is brought into direct contact with the walls of
the capillaries, and possibly with openings in their walls,
while in the other methods the substance is separated
from the bloodvessels by an epithelial layer which 1s
only traversed with comparative difficulty. DBy the
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selection of one of these methods, therefore, it is possible
to regulate the rate of action of the poison, and obtain
any varying degree of rapidity from the instantaneous
action of substances injected directly into the vessels, to
the extremely slow and gradual action when the poison
is brought in contact with the external skin. It must,
however, be emphasized that not only the rapidity of
appearance of the general action but also the existence
of any general action may depend upon the mode of
administration. It will be shown later, that the general
action of every poison depends upon the presence of a
certain amount of that substance in the blood, and that
the amount cireulating in the blood depends not only on
the amount administered but upon the rapidity with which
excretion takes place ; and it can aceordingly happen that
a poison which in itself is very active may from slow
absorption and rapid excretion not attain a sufficient
amount at any one time in the blood to produce any
effect.

Since, then, by the choice of the mode ot administra-
tion we can accelerate, hinder, or prevent the production
of the general action of a poison, and since the rapidity
with which the symptoms appear has a marked influence
on the general picture of the poisoning, and since many
poisons may be chemically altered by the peculiarities of
the absorbing surfaces, it is advisable to perform a num-
ber of experiments in which these different methods of
administration are employed.

SeorioN I.—Injection into the Bloodvessels.

In the case of many poisons the action will differ,
depending upon whether it is injected into an artery or
a vein. As a general rule it is preferable to inject the
drug into a vein; in the first place, on account of the
readiness with which large veins, from their superficial
location, can be isolated ; second, on account of the sen-
sibility of arteries ; and third, and most important of all,

i
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because substances injected into a vein are first earried
to the heart and then gradually carried to all parts of
the system. Injections into the venous system are most
easily made in mammals into the external jugular vein,
and preferably towards the heart, since in this direction
larger guantities of fluid can be thrown into the circu-
lation than when it is injected towards the periphery
where the resistance of the valves and of the capillaries
may easily prevent the entrance of fluid. In the frog,
only the large venous trunks are suitable for injections.

In all injections, especially when made into the cen-
tral end of the jugular vein, the entrance of air must be
avoided with the greatest care.

The external jngular vein is exposed in the following
manner: After cutting the hair from the parts, a short
incision 18 made through the skin of the neck in a line
drawn from the angle of the jaw to the jugular notch
in the sternum; then, on carefully clearing away the
fat and connective tissue with two pairs of forceps, or
with a blunt hook, the dark blue vein, usually sending
off numerous branches, is exposed to view. The vein is
then to: be earefully freed from its connective-tissue
sheath for a length of about 2 cm., and a double thread
passed beneath it with a curved, blunt needle ; the cen-
tral end of the isolated portion is then to be compressed
with a spring-clip, or with a loop tied in a single bow-
knot, and the peripheral end ligated with one of the
threads previously passed arvound the vein. The portion
of the vein lying between the ligature and the clip (or
loop), which, from the order of applying the ligatures, is
distended with blood, is then snipped with a pair of scis-
sors cutting well at the points, and a glass or metal canula
inserted and tied in by the remaining thread.

The canula can be conveniently furnished with a stop-
eock, and, before insertion, must be completely filled
with distilled water, which is prevented from flowing out
by closing the cock. After the insertion of the canula,
the spring-clip on the vein can be removed. The poison
is to be injected by means of a metal or glass syringe,
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conveniently graduated into cubic centimeters, whose
nozzle must accurately fit the mouth of the canula. [If
a glass canula is used, it is only necessary that the free
end be inserted into a piece of rubber tube, about an
inch long, which fits the end of the syringe. It is then
not necessary to fill the canula until it is desired to make
the injection, when it is advisable to fill the canula com-
pletely with the solution to be injected, instead of water ;
of course, then, the clip must not be removed from the
vein until after the syringe is bound into the rubber
end of the canula.]

The injection must be made slowly and gradually, and
care must be taken, by holding the canula, that thesyringe
does not separate from the canula by the force necessary
in making the injection ; it is, therefore, an advantage
to use a syringe on the upper end of which are two rings
for the insertion of the second and third fingers, while
the thumb is passed into a ring in the end of the piston-
rod, so as to admit of one hand manipulating the syringe,
while the other holds the canula. When it is desirable
to inject the poison into the arterial system, the carotid
or femoral artery is selected, unless there is some special
reason for the use of other vessels. The carotid artery
18 exposed by an incision parallel to the trachea, passing
between the sterno-hyoid and sterno-mastoid muscles;
it lies in the common sheath with the vagus, sympa-
thetic, etc. The craral artery is readily found in the
inner aspeet of the thigh, below Poupart’s ligament,
where it lies very superficially and may be felt through
the skin. '

Canule similar to those employed in the veins may
also be used for arterial injections, either toward the
heart or the periphery ; in both cases considerable re-
sistance is met with, from the general arterial tension in
the first case, and from the capillary resistance in the
second. Injections towards the periphery invariably
evoke the symptoms due to the poison first in the organs
supplied by the artery, while when injected toward the
heart, this is the organ first affected, and then the entire
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system is gradually brought under its influence. This
latter method is to be preferred unless some local effect
is to be studied, though it should be remembered that a
marked accelerative eftect on the heart can be thereby
produced. Canul® are inserted into arterics in precisely
the same manner as into the veins.

Injections into arteries have the disadvantage that in
most cases they are extremely painful, and that the evi-
dences of pain on the part of the animal may be con-
founded with, or mask, the specific effects of the drug.
In such cases, therefore, if possible, a control experi-
ment must be made after the narcotization of the animal.

It cannot be too much emphasized that by no meuns
all poisons are suited for direct injection into the circu-
lation. It is evident that solid particles, even if sus-
peuded in a fluid, cannot be injected into the blood, since
they would remain as emboli at the narrower subdivisions
of the vessels. Nor, again, can fluids be injected which
produce emboli by causing a precipitate in the blood.
1t would, for example, be an extremely defective experi-
ment to inject a mineral acid into the blood, since the
coagula thereby produced would be swept into the cir-
culation, form emboli, and produce symptoms which
would in no way depend upon the specific action of the
substance injected.

It must, therefore, not he forgotten that the object of
the injection of a poison into the blood is not to deter-
mine the action of the poison on the blood, but only to
evoke, in the most rapid manner, the general symptoms
due to the poison, after having first excluded by experi-
ment every possible alteration of the drug before absorp-
tion occurs; therefore, an injection should never be
made into the circulation until 1t is known what changes,
if any, occur either in the blood or drug when the two
are brought in contact (see p. 20).

On the other hand, even when it has been found that
the poison causes a precipitate when mixed with the
blood, it may be necessary, in exceptional cases, to nject
that poison into the blood to settle the question as to
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whether the general toxic effects of the substance other-
wise administered are due to the production of emboli.

Agriform poisons are also unsuitable for intravascular
injections, although pharmacological literature is rich in
such experiments. In the first place, the entrance of
any gas, even should it be considered most absorbable,
into a bloodvessel, by producing gaseous emboli, can
evoke the same symptoms as follow the entrance of air
into the veins. In the second place, there can be nothing
gained by injecting a gas into a bloodvessel, even if
this danger could be avoided ; since a gas cannot possibly
enter the blood more rapidly than by absorption through
the lungs, where a much larger surface of blood 15 ex-
posed to its influence than when it is injected into a ves-
sel. For example, it is not possible to inject oxygen
mto a vein in sufficient quantity and rapidity to prevent
the appearance of dyspneea, if other sources of oxygen
are withheld. Here, however, as in the first instance of
unsuitable injections, exceptional circumstances may ren-
der the administration of gases through the lungs impos-
sible, as when it i1z desired to determine whether the
poison is eliminated through the lungs; even in such a
case, however, the subcutaneous injection of the gas is
preferable to its direct introduction into a vein.

If the gas is readily soluble in water, there is no
objection to the injection of an agueous solution into a
bloodvessel, or a quantity of blood may be drawn from
the animal, defibrinated, treated with the gas, and again
mjected after being warmed up to the body temperature.
For such an experiment it may be advantageous to make
use of a T-formed canula, so that the blood may be drawn
from one end of the vessel and injected into the other.
A simple canula, fastened into the central end of a vein,
will, however, answer every purpose, as sufficient blood
can be drawn from the vessel by a syringe inserted into
the canula.
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Secrion II.—Subeutaneous Injections and Injections
into Serous Sacs, Lymph Sacs of the Frog, ete.

Graduated syringes, such as employed in injections
to veins, may be used, substituting for the canulz then
used, the ordinary hypodermic needles, or tubes with
sharpened points ; after the injection has been made by
pinching up a fold of skin and inserting the needle nearly
horizontally, the needle and syringe are withdrawn to-
gether, and the wound of entrance of the needle closed for
a few seconds with the finger to prevent the escape of the
fluid ; 16 1s also advantageous to draw the skin, before the
injection, to one side, so that, the wounds in the skin and
connective tissue not coinciding when the skin regains its
natural position, a valvular opening is made and the
escape of fluid further prevented.

[In frogs the solution may be injected into the abdomi-
nal cavity or under the skin of the back, when it will
find entrance into the large dorsal lymph-sac, and thence
be rapidly carried into the general circulation. In
rabbits, guinea-pigs, and dogs, it may be injected under
the skin of the flank, though it is only convenience in
handling which renders this locality to be preferred to
any other; in guinea-pigs the abdominal walls are ex-
tremely thin, so, if this situation be used, care must be
taken, when comparative experiments are made, that the
abdominal cavity is not penetrated by the needle, when,
of course, absorption would be much more rapid. |

Sperron 11T,—Ingertion of Poisons into the Mucous
Cavities of the Body.

In many cases, poisons may be introduced into the
stomach of animals by mixing them with the food;
usually, however, it is better to inject them, especially
when fluid, by means of a stomach tube. In rabbits, an
ordinary medium-sized flexible catheter will answer this
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purpose ; for its introduction the animal is held with the
head well extended and the jaws tightly closed, so that
it cannot bite the catheter, which, after being well oiled,
is passed into the mouth behind the incisor teeth and
pushed well backward, when ordinarily it will pass with-
out difficulty into the cesophagus. If it should pass into
the trachea, as would be rendered evident by the resist-
ance of the vocal cords and the occurrence of dyspncea
on closing the catheter, it must be withdrawn and re-
inserted. The end of the catheter must be furnished
with a short piece of rubber tubing which will fit the
nozzle or canula of the syringe, and the syringe and cathe-
ter must be withdrawn together after making the injection
[otherwise, the catheter remaining alone would act like
a siphon and allow the contents of the stomach to escape |.
(Esophageal sounds, similar to those employed in man,
can readily be introduced in dogs over a block of wood
so inserted as to keep their jaws wide apart:—this block
may conveniently have a hole bored in its centre for the
passage of the sound, and two straps at its ends to buckle
behind the head and so keep it in position. A similar
operation 1s readily performed on cats, making use of a
smaller wooden or iron bar to keep the jaws open.

In frogs, after opening the mouth with the handle of
a scalpel, an ordinary canula can be passed into the
stomach, and the injection made through it. Solid bodies,
such as erystals, can be readily pushed into the stomach
by means of a glass rod.

Applications to the rectum, bladder, etc., are per-
formed in the ordinary well-known manner. Instillations
into the conjunctival sac are hest made by drawing the
lower eyelid away from the eyeball with the hand or a
pair of forceps, and then dropping the solution by means
of a pipette, or medicine-dropper, into the open sac; it
15 well to maintain this everted position of the lower
eyelid for some little time, so as to permit of absorp-
tion betore much of the fluid is lost by closure of the
eyelids. This method is only suitable for studying the
local action of the poison. -
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The bronchial mucous membrane is almost never to
be used for the absorption of solutions. Should it,
however, be necessary to make the experiment, a canula
can be readily introduced into the windpipe by perform-
ing tracheotomy, and the poison injected. A great deal
of force will be required to inject the solution into the
bronchioles.

StcTioN 1V.—Administration of Gases and Vapors
through the Lungs.

This method of administration of poisons is very often
desirable, and can be accomplished in several different
ways, depending upon whether the gas may be mingled
with the inspired air or must be separated from it.

Small animals, such as frogs, birds, and the smaller
mammals, may be placed in a chamber filled with the
gas either before or after the introduction of the animal.
In the first case, when frogs are employed, it is only
necessary to float a bell jar containing the gas on water
or mercury, and then pass the animal through the water
into the holder; this method may also be employed for
other animals, but it has the disadvantage of chilling the
animal from the necessary wetting ; on the other hand, it
has the advantage of plunging the animal suddenly into an
atmosphere of the gas whose effects it is desired to study ;
the air contained in the animal’s lungs, particularly in
the case of frogs, may be largely expelled by pressure
under the water. |

The other method consists in placing the animal under
a bell-jar, or in a cylinder, through the top of which the
gas is passed by means of a tube reaching to the bottom
of the vessel, while the air is allowed to escape through
a second opening in the top. In order to regulate the
entrance of the gas, the bottom of the receiver may be
covered with a layer of water, under which the tube of
entrance dips, so that the rate of entrance may be known
by the rapidity with which the gas-bubbles pass, while
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the animal may be placed on a board which either floats
on the surface of the water or is raised above it by sup-
ports. This method is, however, only applicable when
complete exclusion of atmospheric air is not essential.

In most cases it is much more advantageous to con-
nect the animal’s lungs directly with the gas apparatus.
To accomplish this, it is not always necessary to perform
tracheotomy,as the head may be covered with a rubber bag
or cap which is in communication with the gas receiver.
In rabbits, when it is desired to avoid tracheotomy, the
head can be passed into a funnel, fastened by appropriate
bands, while the space between the neck and the funnel

can be plugged almost air tight with cotton or wool.
- For experiments on man, it is only necessary to insert
a tube, through which the gas 1s conducted, into the
mouth, while the nostrils are closed.

As a rule, it 18 preferable to perform tracheotomy on
animals, since then the execlusion of air i1s assured and
influence on the glottis is avoided, thus rendering ex-
periments with irrespirable gases possible. Tracheal
canulee, of the same shape as the venous canulse, but of
larger size, can be employed, though T -shaped glass or
brass tubes are hetter.

Modifications of this method will be necessary if it is
desired to separate the air of inspiration from that of
expiration. In any case, however, it is only permissible
to allow the animal continuously to inspire and expire
into a closed gas-chamber, when the vessel is so large or
the duration of the experiment so short, that the increas-
ing contamination of the gas from the products of expira-
tion and absence of oxygen is not to be feared. If the
gas-holder is so large in comparison to the thorax of the
animal that the variations of pressure on inspiration and
expiration are very small, and it is not necessary that
the volume of the holder should change with the phases
of respiration, a simple gasometer or even a large bell-jar
floating in water with an opening connecting with the tra-
cheal tube will answer. As a_rule, however, the gas-

holder should readily decrease in volume in inspiration
|
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and increase in expiration; such gasometers may be
represented by rubber or silk bags, or by a Hutchinson’s
spirometer when the air-chamber is accurately balanced
and care taken to expel all the air from its interior.

In the most careful experiments the inspired air should
be separated from that expired. For this purpose the
tracheal canula, or the tube of the funnel used as a mask,
must be connected with a fork-shaped tube, of which one
prong must be furnished with a valve opening only
towards the interior, the other with a valve opening only
towards the exterior. For this purpose, there is nothing
better than Miiller’s liquid valves which are perfectly
efficacious in forming tight joints and which can be
readily prepared.! These consist of bottles (with one
or two necks) through the corks of which two tubes are
passed, one passing merely through the cork, the other
to the bottom of the flask, and dipping below a layer of
liquid, either water or mercury. (rases can then only be
passed through the flasks from the longer to the shorter
tube, provided that the pressure is not sufficient to raise
a column of the liquid used higher than the length of the
longer tube. Two of these flasks are then so arranged
that the inspiration flask has its shorter tube, and the
expiration flask has its longer tube, connected with the
forked-shape tube of the tracheal canula: the length of
the long tube must be proportionate to the strength of
respiration in the animal, and when mercury is used as a
valve it can naturally be much shorter than when water
is used for the same purpose; hence when dogs are
used and where quantitative analyses of the expired gases
are made, particularly of such gases as carbonic acid,
which is soluble in water, it is always advisable to em-
ploy mercury.

The long tube of the inspiratory valve is then con-
nected with the gas-holder, for which either a spirome-
ter, or Rosenthal’s modification of Bunsen’s gasometer,
when it is desired to shut off the gas-supply through mer-

I Annalen der Chemie und Pharm., eviii. 257.
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cury, may be used.! The sEmrl; arm of the expiratory
valve either opens into the air or into a aas-holder when
it is desired to examine the expired air.

If it is desired to mix small quantities of the poisonous
oas with the atmosphere before inspiration, the long tube
of the inspiratory valve may communicate with the atmo-
sphere, and a second long tube in the same flask may be
connected with a gas-holder or bag.? N

If experiments are being made with a gas which 1s
freely soluble in water, or with the vapor of volatile
liquids, the solution of gas in water or the volatile liquid
may replace the fluid which acts as a valve in the 1nspi-
ratory flask, which, if necessary, may be warmed to
facilitate its vaporization. So, also, the fluid in the
expiratory flask may be replaced by, or covered by, a
layer of reagents, which, by their chemical behavior,
will show the presence of certain substances in the
expired air.

In all experiments in which respiration is carried on
by the animal, the tubes in these valves should be wide,
and not too long, so as not to cause dyspneea from
resistance to respiration. In many cases, it 1s prefer-
able to force the gases into the animal’s lungs, rather
than to depend upon its own respiratory powers, thus
rendering it possible to open the thorax and inspect the
heart, and to study the action of the gas after the pro-
duction of apneea. The principal difficulty met with in
accomplishing this lies in the production of expiration.
Hook’s method was to neglect expiration entirely, and
to pass the gas continually through the lungs by open-
ing the thorax, and then incising the lungs in several
places ; apart from the loss of blood entailed by this
proceeding, it has the further disadvantage, that, even
when numerous openings are made in the lungs, the
entire organ is not permeated by the gas, since many
portions collapse.

1 Rosenthal, Arch. f. Anat. u. Phys., 1864, 456.
? Kanfmann n. Rosenthal, ditto, 1865, 659.
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Passive or active expiration can be produced in unin-
jured lungs in one of two ways: in the first, the tra-
cheal canula has an opening at one side, through which
the lungs, by contracting from their own elasticity, are
enabled to force out the expired air during the pauses
between nspirations ; this opening, by graduation of its
size, has the further function of acting as a safety valve,
and preventing rupture of the lungs by too great a pres-
sure in inspiration. This opening can also be, with ad-
vantage, connected with a Miiller’s valve, and the resist-
ance can then be regulated at pleasure. When extremely
poisonous gases are being experimented with, this open-
ing, or the short tube of the valve, should be connected
with a tube by which the expired air may be conducted
out of the laboratory.

The other method consists 1n interposing between the
lungs and the gas-apparatus a two-way cock which works,
by some mechanism, in the rhythm of respiration. For
this purpose the fork-shaped tube may be connected
with two rubber tubes which are alternately compressed
by a lever.!

For the production of artificial respiration, any of the
various forms of blast apparatus, described in all hand-
books for the laboratory, may be made use of. When a
constant force only is required, the gas may be passed
directly from the generator; but where a rhythm 1s
required for forcing atmospheric air, an ordinary bellows
worked by hand, gas, or water-power, will answer every
purpose.> When bellows are used to force gas other
than air into the lungs, the entrance valve of the bellows
must be connected with the gas-holder, while the nozzle
of the bellows communicates with the lungs. Variousother
arrangements for producing a constant or rhythmical
air blast will readily suggest themselves if the above are
not accessible ; such as an ordinary rubber bulb arranged

1 Rosenthal, Arch. f. Anat. u. Phys., 1864, 450.

2 Thiry describes a simple form of antomatic respiration appa-
ratus in Recueil des Travanx de la Soc. Méd. Allemande, Paris,
1855, 55.
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with valves acting in the same direction, and compressed
rhythmically under the foot.

One other arrangement is necessary to complete the
apparatus for the study of poisons administered through
the lungs. In order to obtain an uncomplicated result
from the action of any poisonous gas or vapor, 1t 18 neces-
sary that it should be suddenly substituted for the
atmospheric air; if the animal is breathing sponta-
neously, it suffices to suddenly connect the tracheal
canula with the inspiratory valves connected with the
gas-holder, as can be readily done with a three-way cock,
one opening of which communicates with the atmosphere.
In artifical respiration the three-way cock can be inserted
between the blast and the gas-holder, an arrangement
which will permit the introduction of the gas after the
production of apneea by forced inspiration.

Other modes of application do not require any special
mention.

DL

INVESTIGATION OF THE PATHS OF ELIMINATION AND
CHANGES OF POISONS IN THE BODY.

Frou the great diversity of poisons, only a few gene-
ral rules can be given for the elucidation of these points;
as a rule, the most various chemical manipulations are
requisite. It has been already said that the general
action of a poison can only appear after its entrance
into the blood, and since many poisons, for which there
are no known chemical tests, produce marked symptoms
in extremely minute quantities, the appearance of the
characteristic effects 1s in most cases a far more delicate
test of the presence of the poison in the blood than can
be obtained by any chemical reagent. Nevertheless the
appearance of certain symptoms after the administration

of a poison does not exclude the possibility of some
'i-'*
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change in the constitution of that poison after absorption,
as the products of decomposition of the poison may
themselves have been the cause of the symptoms ; there-
fore it is advisable to attempt the recognition by chemi-
cal means, difficult though it be, of the presence of the
drug in the blood. In all cases, particularly where
organic poisons are concerned, the blood should be ex-
amined as soon as possible after withdrawal from the
body ; in many cases when the recognition of the poison
m the blood fails, the poison can be detected unaltered
in the secretions, such as the saliva or urine.

The greatest diversity may exist as to the ultimate
fate of a poisonous substance introduced into the blood ;
and this diversity will be more marked the more rapidly
death puts an end to the tissue changes.

Secrron [.—Passage of Drugs throngh the System
without Change,

The usual fate of foreign substances introduced into
the organism is that they sooner or later, in different
manners, are excreted from the body, while their extended
or permanent deposit in the tissues is exceptional.

There are two organs which especially have for their
function the removal of deleterious substances from the
blood ; the kidneys for fluids or solutions, the lungs for
gases and vapors. In the former, the blood loses large
quantities of fluid, which, from the laws of diffusion, must
carry with it appreciable quantities of the substances in
solution in the serum. In the latter, at least during
respiration, large blood surfaces are in contact with the
atmosphere, and since this atmosphere at best can contain
but traces of the deleterious gaseous substances in the
blood, and therefore under less tension than in the blood,
they tend to constantly diffuse, under ordinary physical
laws, from the blood into the air in the Iun:t_gs. Ex
ceptional circumstances may, however, occur in which
these physical processes will be either hindered or facili-
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tated. For example, diffusion will be prevented by
chemical union of the foreign bodies with the ingredients
of the blood, or accelerated by chemical forces tending to
displace them from the blood. As an illustration of the
former condition, carbon monoxide may be mentioned,
which, from its chemical relations with the blood, shows
no tendency to diffuse into the air in the lungs ; while as
an example of the second, carbon dioxide, though form-
ing a chemical compound with the blood, is diffused with
the greatest readiness. Similar conditions exist as re-
gards the elimination of substances through the kidney.

As in the kidneys, so also in all the other emunctory
organs, there is, probably, a tendency to the elimination
of foreign substances from the blood; therefore drugs,
after absorption, may appear in the saliva, in mucus, the
gastrie, intestinal or pancreatic juices, or in bile, in the
digestive apparatus; orin the sweat, milk, tears, or lymph
juices. Of these secretions, the milk, sweat, or saliva can
serve to eliminate the poison entirely from the system ;
the others can remove it only temporarily from the blood
to place it under circumstances where it again meets condi-
tions favorable for reabsorption into the blood by the
vascular or Iymphatic vessels. The laws which govern
this intermediate circulation of poisons, as of the normal
results of tissue change, are almost entirely unknown.

So far as the mere phenomena of diffusion are concerned,
substances with low osmotic equivalents, such as soluble
salts, will naturally tend to follow the path of the water
in the organism, and hence first tend to appear in the
flmd excretions, especially in the urine, where many of
these bodies, such as iodide and ferrocyanide of potas-
sium, are readily and rapidly detected after their entrance
into the circulation. The rapidity of this excretion, as
already suggested (page 65), can explain the non-appear-
ance of symptoms of poisoning after the administration
of the poison by the stomach, since the rapid removal by
excretion of the substance from the blood prevents its
accumulation in sufficient quantity to produce any evi-
dence of its presence.
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SecrioN IT.—Deposit of Drugs in the System through
Assimilation.

The normal tissues are formed of solid and fluid ele-
- ments, of which the former undergo a more gradual trans-
formation than the latter. A foreign body, therefore, will
have a tendency to remain longer in the system when it
becomes a part of a formed tissue than when associated
with one of the fluid elements; and if the part in which
it is deposited is comparatively inactive in function (such
as the bone), it may remain in the system indefinitely
without producing any symptom as a result of its presence.
It is only lately that examples of this form of assimila-
tion of poisonous substances, which are always inorganic,
have attracted any attention. In such instances it has
been found that the inorganic principles in the animal
economy may be replaced by other isomorphic elements.
As examples of this may be mentioned the substitution
of lead and baryta salts for the lime salts of the bones;
the substitution for the phosphates of the 1somorphie salts
of arsenious acid ; and probably also the deposits of copper
in the various organs are governed by the same rules.
As regards the ultimate fate of such foreign ingredients
of the tissues it is probable that they are finally replaced
by the normal constituents when the supply of the poison
18 interrupted.

Sucrroy IIT.—Chemical Alteration of Poisons in the
Economy.

In the case of organic poisons, and probably also with
the inorganic poisons in regard to substitutions in their
acids and bases, changes in chemical constitution occur
very frequently.

These changes may occur either at the point of ab-
sorption, especially when the poisons are administered
through the digestive apparatus, only after entrance into
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the blood, or finally in special organs; and it is con-
ceivable that the same poison may undergo various
changes in different localities. These changes may con-
vert a poisonous substance into one physiologically inert ;
or, on the other hand, an active principle may be formed
from a substance in itself innoxious; or, again, the
modified form of a poison may produce symptoms differ-
ing from those due to its unaltered state. o

Of the various possible modifications in constitution of
a poison, those attributable to changes at the point of
absorption are to be first examined, and,as already stated,
the digestive apparatus is most liable to produce such
changes as will convert a substance which 1s harmless
when administered subeutaneously into an. active poi-
son, or wice versa.® 'The character of many of these
changes may be indicated by their dependence on the
known characteristics of the locality of administration ;
others can only be determined by the detection of their
products either in the excreta or in different tissues.

¢. DISPLACEMENT OF AcIDS OR BASES IN SALTS.—
The double decomposition of two salts in mixed solutions,
by which precipitates are formed, or by which insoluble
bodies are thrown down while acids or bases are set free
in solution, may occur within the organism, governed by
the same laws as prevail elsewhere; and these changes by
rearrangement of elements may oceur either at the point
of absorption (stomach or intestine), in the blood, the
tissue, or even in the exeretory apparatus. Since solu-
ble salts occur in all portions of the body, free acids in sev-
eral localities, as in the gastric juice, and free alkalies in
nearly all the animal juices, the administration of any salt,
alkali,or acid offers an opportunity for the special changes
under consideration. And since usunally all soluble salts

! In this connection it might be mentioned that poisonous sub-
stances may be produced by abnormal fermentations in the ordi-
nary digestive processes, such as sulphuretted hydrogen, or pto-
maines.

L
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of a poisonous base or acid have the same action as the
base or acid, such changes are consequently only of inte-
rest in this connection when some exception to this rule
oceurs, or when precipitates are produced in the rear-
rangement of molecules; such changes may either lead
to the elimination of the poisonous principle, may render
it innoxious, or may mechanically produce functional dis-
turbances by forming emboli.

b. ForMATION OF CHEMIOAL COMPOUNDS WITH INGRE-
DIENTS OF THE TIssuES AND EXCRETION UNDER MODIFIED
Forms.—The important discovery by Wahler that benzoic
acid, when introduced into the system, appears in the
urine as hippuric acid, therefore united with giycin, was
the first example of this kind. Other similar instances
have only a physiological interest, but should serve, in
the investigation of the ultimate fate of a poison, as a
reminder of its possible destination, when no traces of the
unaltered poison or of its oxidation products are to be
met with in the excretions.

It is conceivable that to the formation of such com-
pounds, either the poisonons action of the substance ad-
ministered, or, possibly, its innoxiousness, may be due.
No general rules for the determination of such conditions
can be given.

¢. DucoMposITIoN oF POISONS IN THE SYSTEM AND
Excrerion oF Tt DecompositioN Probucrs.—In gene-
ral all organic, and certain inorganic, poisons are capa-
ble of decomposition, and the question arises whether the
marked oxidizing property possessed by all the animal
tissues can be concerned in the destruction of poisons.
While formerly this was generally admitted without de-
monstration, latterly this possibility has been distrusted ;
because, on the one hand, many poisons which were hith-
erto supposed to be so destroyed, can now readily be de-
tected unaltered in the excretions, and, on the other, re-
reliable physiological investigations have shown that
apparently readily oxidizable substances, such as grape-
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suaar, ave not thus consumed in the system.? Therefore,
now, only when direct evidence of the products of such a
decomposition is given, can this idea of the fate of a drug
be entertained.

In this relation, however, the distinction must be drawn
between complete and incomplete oxidation. Complete
oxidation of organic substances is always accompanied
by the formation of carbonic anhydride and water, and
under special circumstances, by the liberation of nitrogen,
and the formation of sulphuric and phosphoric acids ; the
nitrogen appears never to be oxidized, or even to be
completely isolated, but, on the contrary, remains asso-
ciated with the other elements with which 1t was com-
" bined before the process of oxidation took place, and
appears as ammonia or ammoniacal compounds in the
excretions.

Of these different oxidation products, carbonic acid
1s the most readily detected. Carbomie acid formed
by the oxidation of a poison can either be added to
that already formed in expired air, thus increasing its
proportion, or can be found as carbonates, especially al-
kaline carbonates. in the urine. [Either of these possi-
bilities can, however, only be established with any de-
gree of reliability when extraordinarily large amounts
of the poison are subjected to oxidation ; when there-
fore only small doses of the drug are dealt with, any at-
tempt at such determination is useless. The method to
be employed is similar to that employed in all estimations
of the gases of respiration.” Targe gquantities of alkaline
carbonates are indicated in the urine by an abnormal al-
kaline reaction : for their careful qualitative or quantita-
tive analysis see Hoppe-Seyler, Analyse, p. 256.

The investigation as to the incomplete oxidation of
poisons will depend upon the detection of special oxida-

1_;Lur;lwig and Scheremetjewski. Siichs. Acad. Sitzgsber, 1869.
h4,

2 For simple methods see Kowalewski and Sanders-Ezn. (Siichs.
:"H:.’L:l. Sitzgsbr. 1866, iii. ; 1867, 68; 1869, 154) and Rohry and
Zuntz. (Arch. f. d. Ges. Physiol. iv. 57).
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tion products, such as of aldehyde for aleohol, benzol or
phenol for acetic acid, etc. Among the normal products
of incomplete oxidation, whose increase is to be looked
for, oxalic acid deserves notice. As already stated, these
processes of oxidation may lead to the removal of the
poisonous principle from the blood, or when the decom-
position products are themselves poisons, to new symp-
toms of poisoning. In the latter case the symptoms can
only be attributed to such products after the latter have
been proved to be present.

d. DEcOMPOSITION oF PoIsoNous SUBSTANCES AND
Excrurron oF THER Propucrs.—The animal organism
is rich in ferments which are capable of causing hydro-
Iytic decomposition of various substances (7. e., their
division with the addition of water); and there is no
doubt that poisons, like many of the normal constituents
of the body, may be subjected to such changes, and the
destruction of the poisonous properties of the drug, or
the creation of new poisonous principles, be thereby pro-
duced. Starting-points for such studies can, however, be
obtamed only from the knowledge of the chemical pro-
perties of the drug in question.

With the outlines given above all the possible changes
of the poison in the economy are not exhausted. And
1t cannof even be said that a complete knowledge of the
fute of a poison is possessed when its ultimate products
and the paths by which they leave the system are known.
In the first place all intermediate changes should be
studied, and in the second the guestion will arise as to
the location in which these phases are met with, and
especially the way in which the particles of the poison
produce their characteristic action.

But since we possess but little knowledge as to the
changes in the normal constituents of the body, we can
naturally not expect to obtain these data for poisons, even
though the latter cau the more readily of the two be fol-
lowed through the system; uevertheless careful phar-
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macological studies of these points will undoubtedly ulti-
mately be of the greatest assistance to physiology. Butas
yet, even in the case of substances most readily detected,
such as the poisonous metals, we know little more than
that they are excreted through the kidneys in some un-
known form.

RV

EXPLANATION OF THE SYMPTOMS PRODUCED BY POISONS.

THE manifestations of the action of a poison may
belong to one of two classes: First. Those which can be
attributed to local action on the absorbing surfaces, and
which are either confined to the absorbing surface, or
which may be capable of producing secondary general
disturbances of function from sympathy. Second. Gene-
ral manifestations in the strictest sense, and which are
dependent upon the presence of the poison in the blood.

No fundamental points of contrast can be made be-
tween the local and general action, gince, as already indi-
cated, the general is but the sum total of all the local
effects of the poison produced by its entrance into the
blood and its simultaneous action on all the organs.!
When it is remembered, however, that in the local appli-
cation the poison comes in contact with the tissues in a
very different manner from when introduced into the
blood, a partial separation of the two groups of pheno-
mena is rendered possible. In local applications, the

' For a long time it was believed that poisons, especially the nar-
cotics, were carried throughout the system by the agency of the
nervous system. This supposition can, however, be disproved by
the following experiment : The hind leg of a frog is partially sepa-
rated from the body, leaving only the sciatic nerve intact, and
immersed in a solution of strychnine, without any symptoms being
produced ; if, however, instead of the nerve, the bloodvessels are
left intact, symptoms of poisoning rapidly ensue.
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poison acts exclusively, or at least in the first place, on
the superficial tissues of the organ, the degree of action
depending largely on the concentration of the solution ;
while after introduction into the blood it acts wraduail;f
on all portions of the organ, perhaps weakened by dilu-
tion by the blood, or by the chemical alterations to which
it has been sub]ected Thus it may happen, that a poison
will act in various ways on a single organ, according as
it is directly applied, or carried o it by the mrculatlﬂn
In one case, possibly, being extremely energetic, in the
other, completely inactive. The only method of de-
termining to which of these modes of actmn the symp-
toms are duc if not self-evident, lies in change of the
mode of administration.

In all cases, the symptoms of poisoning, especially in
the warm-blooded animals, furnish a cumplex picture
which can only be explained by a systematic series of
experiments ; it is the object of the following pages to
give some general rules whereby such expenments can be
conducted.

After an answer to these guestions has been found,
and the organ or organs determined on which the poison,
after introduction into the circulation, principally acts, and
the character of the functional disturbance established, it
then remains to discover to what physical or chemical pecu-
liarity of the poison its action 18 due. The 1ep13r to this
question, which has as yet been reached in but few cases,
will at the same time explain the reason of the localiza-
tion of the poison in any special organ.

A third important point of inguiry arising in the care-
ful study of the action of a drug concerns the mode
of recovery after poisoning; that is, the manner in which
the system, and especially the affected organs, free them-
selves from the poison and regain their normal condition.

— e .

[After the administration of the poison the attempt
should first be made to obtain an idea of the general
action of the poison, so as to facilitate the localization
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and analysis of the separate symptoms. The animals,
therefore, after receiving a dose of the poison, are allowed
to move about (frogs may be placed under a glass bell-
jar), and notes made on the different sympfoms as they
appear, with reference to the time elapsing between the
administration of the poison and the advent of the various
symptoms. It should be noted whether the ammal 1s
restless and inelined to move about, and whether his
movements appear normal, or unsteady, weak, spasmodic,
ete ; or whether he seems disinclined to move, and if so,
if the disinelination depends upon loss of power, pain, or
somnolence. Notes should also be made as to occur-
rence of vomiting, purging, or micturition, salivation,
" lachrymation, state of the pupil, ete., as perhaps furnish-
ing cuides to the detection of the specific action of the
drug. The heart beats and respiration should be counted,
and any change in eharacter noted, and if the drug prove
poisonous, and the dose fatal, it should be observed
whether respiration ceases while the heart still continues
to beat, or vice versa. As soon as possible after death,
the animal should be opened, and the condition of the
heart, whether pulsating or not, or whether stopped in
systole or diastole, noticed ; it should also be determined
whether the cardiac and voluntary muscles and motor
nerves preserve their irritability to various stimali,
whether the intestines are in active peristalsis or not,
and the amount and color of the blood in the lungs and
right side of the heart.

If after waiting some time no decisive results of the
poison appear, the dose should be repeated at intervals
until the drug is proved to be innocuous, or until some
effects have been produced. The mode of administra-
tion also should be changed in either case for the reasons
already given.

If the drug be poisonous, the next question is to deter-
mine the smallest dose capable of causing death. To
accomplish this an animal is weighed, a small dose
injected, and after waiting a short time, the dose repeated
until death is produced: it is then caleulated how much
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of the poison per gramme weight of the animal was
necessary to prove fatal.  Another animal is then
weighed, and a single dose of the poison, which should be
a little less per gramme weight than the total amount
obtained in the previous experiment, injected at once, a
smaller amount being selected so as to allow for possible
excretion during the intervals of the first experiment. If
this amount prove fatal, a still smaller proportionate dose
is given to another animal, until the smallest possible
dose capable of causing death has been determined. ]

The study of the symptoms of poisoning will natarally
start with the one which is most marked. In many cases
therefore a departure from the order of investigation here
followed will be advisable.

SectioN 1.—Action on the Circulatory Apparatus.

Direct examination of the heart will furnish a means
of determining the frequency, strength, and rhythm of
its pulsations. The first of these points, and to a certain
degree both the others, can be ascertained in the larger
animals and in man, without any operation, through pal-
pation of the cardiac impulse or pulse, or by auscultation
of the heart sounds. In animals the frequency of pulsa-
tion may be rendered evident by inserting a long needle
through the chest wall into the heart, when its oscillations,
coinciding with the pulse, may either be counted, allowed
to register on a revolving drum, or to strike a bell, thus
serving for demonstration to large audiences, In frogs
it is necessary to expose the heart, and this is readily
accomplished by removing with scissors a triangular piece
of the skin and bony wall of the thorax over the heart
so as to expose it completely ; it 1s better to leave the
pericardium uninjured. In warm-blooded animals it is
very difficult to expose the heart without injuring the
pleura, and even if the operation should succeed it will
not freely expose the heart ; when, therefore, a careful
inspection of the heart is necessary in warm-blooded
animals it is better to freely open the thorax and main-
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tain artificial respiration. The heart is then readily
inspected duaring the pauses between inspiration when
the contracting lungs uncover it.

More satisfactory results as to the rapidity of the
heart’s pulsations and its relation to various conditions of
the vascular system are obtained by the graphic method.
This is accomplished either by the Marey or Pond
sphygmograph applied over an artery, the cardiograph
over the cardiac impulse, or the Ludwiz or Fick mano-
meter connected with an artery and serving to register
the oscillations of blood-pressure on the kymographion.

[The best form of cardiograph is that of Marey and
Chauveau as modified by Sanderson (Fig. 16). It

Fig. 16.

sanderson’s cardiograph.

consists of a shallow disk-shaped box of metal, the top of
which is closed by a rubber membrane, while its interior
communicates with a small rectangular tube inserted in
the bottom. Fastened to the bottom of the box is a flat
steel spring, bent on itself twice at right angles so that
its free extremity, which is perforated by a steel screw
carrying a large button is opposite the centre of the
membrane, where the latter is protected by a thin disk
of metal,

The box or tympanum is also provided with three

*
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levelling serews and tapes to fasten
it to the body.. When an observation
1s to be made, the instrument is bound
to the chest so that the knob on the
head of the centre screw lies exactly
over the pomnt of cardiac 1mpulse.
The rectangular tube is then connect-
ed by means of rubber tubing with
Marey’s tympanum and lever (Fig.

- 17), an instrument constructed on the

same principle asthe cardiograph, with
the exception thatthe movements of its
rubber membrane are communicated
to a lever by which they can be re-
corded on a revolving drum covered
with smoked paper. When now the
levelling serews are so adjusted that
the head of the screw passing through
the spring presses on the chest wall
while its point is in contact with the
rubber membrane, every elevation
i the chest wall will produce a cor-
responding depression in the rubber
membrane, thus diminishing the size
of the cavity of the tympanum and
forcing some of its contained air into
the second tympanum whose memn-
brane will be proportionately expand-
ed, its motion being magnified by the
lever resting on it. _ _
When, therefore, a ftracing 1s
taken of the cardiac impulse, it will
be found that the systole of the heart
is always indicated by a sudden as-
cent of the lever, and the diastole by
a gradual fall. With the apparatus
so arranged studies may be made on

Fig. 17.—Marey's tympannm and lever.
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the effect of drugs not only on the absolute rate of pul-
sation of the heart, but also on the relative duration of
the ventricular systole and diastole. Care must be taken,
however, not to attribute all changes from this normal
simple curve to toxic action ; for if the cardiograph be-
comes at all shifted, so that the button lies to one side of
the impulse, the character of the tracing will be entirely
changed. For here, while we still obtain a sharp ascent
of the lever corresponding to the ventricular systole, the
rise is immediately followed by a sudden fall, due to the
recession of the chest-wall in the production of the so-
called negative impulse.

The purpose of the sphygmograph is to represent
eraphically the succession of expansions and contrac-
tions which occur in the artery consequent to each car-
diac systole ; its use and construction are so well known
as to require no deseription here. ]

The sphygmograph has the advantage that it requires
no operation for ifs use, and can therefore be employed
in experiments made on man ; and both the sphygmograph
and cardiograph, on careful analysis of their curves, give
information not only as to the frequency of the heart’s
pulsations but also as to the duration and characteristics
of the single periods of each cardiac contraction.

Althaugh these instruments are valuable as furnishing
a means of studying the different times of the heart’s
beat, yet the force of the beats can only be measured
with manometers, either the simple heemodynamometer, or
recording manometer (kymographion).

The kymographion serves to measure the blood-pres-
sure in an artery, besides enabling the frequency of
pulsation to be counted. The blood-pressure is dependent
not only on the strength and frequency of the heart’s
action, but also on the condition of the general vascular
system ; every contractionin the arterial system, whether
general or confined to a single extended portion of the
body, produees an increase in arterial blood tension.
So the results obtained by kymographic measurements
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cannot be attributed directly to the heart, but will depend
upon the condition of the arterial system at large.

Mope oF CoxpucTING AN EXPERIMENT oN BrLoop-
Pressure.—[The tension of blood within the arterial
system may be measured in various ways; either by the
primitive method of Hale, who simply connected a long
vertical glass tube with an artery and noted the height
to which the column of blood rose, or by the cardiometer
of Poiseuille, or the h&emodynamometer of Bernard ; the
improved manometers of Ludwig and Fick marked such
an advance in this line of investigation that one or the
other of their instruments is now invariably used.

Ludwig’s manometer (Fig. 18) consists of two com-
municating glass tubes m and w/, partially filled with
distilled mercury, inserted into a block of steel in which
a cavity i1s hollowed out which communicates with the
interior of the two glass tubes; below is an opening
closed by a steel screw which can be removed when the
imstrument requires cleaning. o the left the glass tube
communicates with a flexible leaden tube ¢, a stop-cock ¢
intervening, which is connected with the artery in which
it is desired to measure the blood-pressure. The mercury
in the arm ' of the manometer bears on its surface an
ivory float connected with a long slender steel rod carry-
ing the pen p, for recording the movements of the column
of mercury on the revolving surface . At pbis a box
containing a pressure-bottle, filled with a saturated solu-
tion of sodium carbonate, which can be elevated or de-
pressed at pleasure. .

"The entire system of tubes between the surface of the
mercury in the tube m of the manometer and the artery
and pressure-bottle being filled with sodium carbonate,
by which the blood is prevented from clotting, the clamp
¢ being closed and the stop-cock ¢ and the clamp on the
artery opened, the column of mercury in the distal arm of
the manometer rises to a point which indicates the blood-
pressure, while its oscillations indicate the rapidity of
the heart’s pulsations. As, however, these variations in
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pressure produced by the heart’s pulsations are in most
animals too rapid to be counted by the unaided eye, the
movements of the column of mercury are recorded by the
pen on the moving surface, the vertical height of the
tracing thus produced indicating the blood-pressure while
the distance between the breaks in this line, the rate of
motion of the recording surface being known, will give
the time elapsing between each cardiac revolution.

The disadvantage of all forms of mercurial manometer
13 that the inertia of the mercury is so great that it does
not give the true form or extent of the variations in blood
pressure which accompany each beat of the heart.
Hence the use of the mercurial manometer is restricted
to the investization of those changes in mean arterial
pressure which are not interfered with by the proper
oscillations of the instrument, that is, when they do not
recur with too great rapidity ; while it must be remem-
bered that the curve is not that produced by the actual
movement of the arterial column, but of the mercury.
For while the artery expands suddenly the mereury rises
slowly, and before the latter has attained its highest
point the artery will have collapsed and the falling column
of mercury will meet an expanding force in the artery.
Hence, when the heart’s beats are very rapid, the oscil-
lations of the mercurial column will be relatively too
small in extent, while when the heart heats slowly, they
will be exaggerated. :

While, therefore, the mercurial manometer answers
perfectly well for the study of the mean arterial pressure
and change in the number of cardiac pulsations, exact in-
formation as to the changes in the arterial system during
each pulsation can only be obtained by the use of Fick’s
spring manometer (Fig. 19). This consists essentially
of a C-shaped hollow spring of thin metal a, filled with
alecohol, and connected, by a leaden tube attached to e
and filled with sodium carbonate solution, with the artery.

Each variation in the arterial pressure will cause an
expansion or contraction of the spring, whose movements,
magnified by a lever [, may be recorded on the revolving
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drum ; before use, this manometer must be graduated by
comparison with a mercurial manometer. In ordinary
pharmacological work the mercurial manometer 1s sufli-

ciently accurate.

Fig. 19.

Fick's spring manometer. (From Foster's Physiology.)

The present important system of recording known as
the ¢ graphic method™ started with the simple revolving
drum of Lundwig, and while to him belongs the credit of
having first introduced this method into physiological ex-
perimentation, to him also do we owe the majority of the
modern improvements in recording apparatus as now
used.

The kymographions in general use in the physiological
laboratory for studies of blood-pressure are of two kinds:
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Fig, 20,

Ludwig’s kymographion. (From Cyon's Methodik )
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in one the manometer pen traces its movements on a re-
volving drum covered with smoked paper; in the other,
the pen contains ink and describes its curves on a uni-
formly moving surface of unglazed paper.

The first of these instruments is represented in Fig. 20.
Toe clock-work contained in the case A sets the revolving
disk D in motion and transfers its movements by means
of the friction rollers » and #/ to the metal drum £. The
position of this drum can be changed at will by means of
the serew [/, while its rate of revolution may be gradu-
ated by the screw L (it of course moving more rapidly
when the friction rollers are at the circumference of the
disk than when at its centre), and by adjusting the clock-
work. Two drums are usually supplied with each mstru-
ment, so that when one is filled it can be removed by
raising the clamp d and the other substituted. At Z is
seen the mercurial manometer.

To obtain information as to the mean arterial pressure
all that 1s necessary is to allow the manometer to write
on the revolving surface, when the height of the curve
above the abscissa will give the desired information ; but
studies of changes in the pulse as well as of the times
of blood-pressure variations, require that the rate of
motion should also be recorded on the drum. Nearly all
forms of such time-recorders, when employed for this pur-
pose, are modifications of the simple electro-magnet, first
used by Dr, Locke, of Cincinnati; nearly any form of
electro-magnet, such as a telegraph sounder, can be made
to answer this purpose by attaching a light lever to the
keeper, and allowing it to record its motions on the drum;
for use as a time-marker, the current through the electro-
maguet must of course be interrupted at regular, known
mtervals by an clectric metronome, or by any of the
various automatic current-interrupters. For description
of such instruments, reference must be made to some of
the various hand-books for the physiological laboratory.!

x 'A simple_l'urm of automatic current interrupter, employed by the
I"L'unslntafr'r, ig described in the Medical News, sSept. 30, 1852, p. 370.
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The large kymographion with continuous roll of paper is
represented in Fig. 21,

Large kymographion, for eontinuous tracings. (From Foster's Physiology.)
The clock-work machinery, some of the details of which are seen, unrolls the
paper from the roll C, carries it smoothly over the cylinder B, and then winds it
up into the roll A, Two electro-magnetic markers are seenin the positionin
which they record their movements on the paper as it travels over B. The man-
ometer, or any other recording instrument nsed, can be fxed either in the noteh
infrontof B orioany other pozition that may be desirved.

Derarns or Broop-Pressure Experivexts.—Blood-
pressure experiments may be made on dogs, cats, or rab-
bits, the artery selected being either the carotid or fem-
oral.

When the small kymographion is used, both drums
should he smoothly covered, before commencing the ope-
ration, with strips of glazed paper of the width of the
drum and a little longer than the drum’s circumference,
and the overlapping ends fastened with mucilage, care
being taken that the paper is not pasted to the drum, or
it will be impossible to remove the paper after the exper-
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iment without damaging the tracings. The drums are
then smoked by revolving them rapidly in the flame of
a coal-oil lamp, or in that of burning camphor, until they
are covered with a uniform coating of soot; 1t 1s better
not to coat the drums too heavily, or the friction will be
so great that a clear tracing cannot be obtained. One
drnm is then placed in position and the clock-work wound
up. - When the large kymographion is used, the paper
is of course not smoked, the tracings being made with
olass pens filled with a one per cent. aniline solution.

The animal is then fastened on its back and a canula
inserted in the usual manner into the carotid or femoral
artery, care being taken in the former case not to injure
- the important cardiac nerves lying in the carotid sheath ;
a second canula, fitting the nozzle of the injection syringe,
is then inserted into the jugular vein.

The test should then be made, by closing the end of the
tube ¢ with the finger and rapidly compressing it at an-
other point with the fingers of the other hand, as to
whether the manometer pen rides freely on the surface of
the mercury; the observance of this precaution will save
a great deal of annoyance in the course of the experi-
ment from clogging of the mercury around the float; no
experiment should ever be commenced until all the ap-
paratus has been tested and found in perfect working
order.

The manometer pen is held in contact with the revoly-
ing surface by means of a little lead plummet attached
by a thread to the brass rod seen at z on the top of the
kymographion ; this rod must of course be moved until its
extremity is vertically above the manometer pen. After
having seen that the current-interrupter and electro-mag-
netie time-marker ave in good working order, the latter
18 80 adjusted as to write on the drum vertically ‘under
the manometer pen, and at a height corresponding with
the level of the latter when both columns of mercury are
of the same height ; the line then described by the time-
marker will serve as an abscissa, or line from which the
blood-pressure is measured.
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The pens should barely touch the smoked surface so
as to interfere as little as possible by friction with the
motion of the drum.

At the outset of the experiment the drum should be
screwed up until 1t occupies its highest possible position.

When, as in the diagram, the tube which contains the
soda solution ends in a simple clamp, the arterial eanula
must be first completely filled with soda solution by
means of a pipette, and then the clamp ¢’ opened until all
the air is expelled from the tubes, and while the soda
solution is still running, taking care that none flows
into the wound, the end of the tube ¢ is to be slipped
over the arterial canula and the clamp ¢l fastened : by
this means the entire system of tubes from the artery to
the surface of the mercury is completely filled with soda
solution, it being very important that no air bubbles are
present. The stop ¢1s now opened and the pressure
bottle raised until the height of the distal column of mer-
cury indicates a pressure a [iftle less than the expected
blood pressure : 1t is important that the tubes should be
filled with fluid under pressure, otherwise the blood, when
the arterial canula is opened, would flow into the nbes
and so tend to clot, while it is also important that this
pressure should not be greater than that to which the
blood is subjected in the vessels, or the soda solution
would flow into the arteries.

After this point has been attended to, the clamp ¢/ is
closed and ¢hen the clip or slip-noose on the artery
loosened : the column of mercury will now rapidly rise a
short distance and be the seat of rapid oscillations depend-
ing on the heart’s beats, while larger curves of movemeut
will be superimposed upon these by the respiratory
movements. :

The canula inserted into the vein is then filled b
means of a pipette with the solation to be injected so as
to exclude air, and the nozzle of the filled injecting syringe
inserted and bound fast. ;

If, during this procedure, it is found that the arterial
pressure has remained constant, the drum may be started,
the time of starting being written on the drum; after
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fifteen or twenty seconds have passed the clip or noose
can be removed from the jugular vein and the dose
of the poison injected, the beginning and end of the
injection and the amount injected being marked on the
drum. After the drum has made a complete revolu-
tion, it may be depressed by means of the screw u, so
as to furnish a fresh surface for the tracing. If no effect
followed the first dose a second may now be given, and
the doses may be vepeated at the desired intervals.
When one drum is filled with tracings, the clock-work is
stopped, the time being written on the drum, the drum
removed and a fresh one substituted ; in this way trac-
ings may be taken for several hours in succession.

The paper is removed from the drum by cutting with
a sharp kuife and the tracing fixed by passing the paper
through a bath of shellac dissolved in alcohol, and then
suspending the papers until dry.

Occasionally, during the course of an experiment, a
clot will form in the canula and prevent the registration
of the pulse and pressure curves. When this occurs,
if the above deseribed forms of canule are used, a clip
must be placed on the artery and the canula removed
and washed out by allowing the soda solution to flow
through 1it, though somefimes the clot may be displaced
by undoing the clamp ¢l, and picking out the clot with a
bristle or straw ; before recommencing the experiment,
the apparatus must again be arranged as before.

To prevent this inconvenience and loss of time in re-
moving canulee to displace blood-clots, it is a great ad-
vantage to employ between the arterial canula and the
clamp on the tube ¢, a canula similar to the-one repre-
sented in Fig. 22. This consists of a T -tube of silver,
of*which the shorter arm is bound into the tube ¢ while
the end « is inserted into the arterial canula; the end &
1s closed by a plug; and the line shown in section re-
presents a partition. When now a clot forms in the
arterial canula or in the tubes, a clip is placed on the

artery, and the plug & withdrawn ; the soda solution
O%
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then running in the direction indicated by the arrows
usually serves to wash out any clots.

Fig. 22.

é 0&%:@

In order to facilitate the deduction and comparison of
results obtained in the above method, it is necessary to
tabulate the curves. Several plans may be pursued;
the simplest, and one sufficiently accurate for all general
purposes, is as follows : The line described by the second-
marker 1s divided oft into units of fifteen seconds, and
perpendiculars, intersecting the pulse-curve, erected at
the commencement of each of these spaces; each break
1 the manometer tracing represents a single contraction
of the heart, and the number of these breaks between
two perpendiculars will give the number of heart-beats
in fifteen seconds. The mean blood-pressure in any
fifteen seconds may be determined by measuring the dis-
tance between the time-line, which serves as the abscissa,
and the highest and lowest points on the manometer trac-
ing between two perpendiculars and adding them together:
the two measurements are made because of course the
tracing simply gives the height of ascent in one arm of
the manometer, while since the mercury falls to a corres-
ponding extent in the opposite arm, the blood in the ves-
sels is always sustaining a pressure of a column of mer-
cury of double the height of the tracing above the
abscissa. The results thus obtained are then tabulated
as follows : it being noticed that in this instance the time
is divided into periods of ten seconds, while the lowér line
represents the abscissa. The tracing is to he counted
from right to left. (Fig. 23.)
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FEeperiment. No. Date.

Large male rabbit; weight grms. Canula in the left carotid ;
canula in the jugular vein. Animal otherwise uninjured.

| |
| Blood | |

Time. Time after i‘;rf:ﬁﬁ':fi Pulse in | Remarks.
: injection. mercury. 19"
12:0:15 | .. | 185 42 0.025 grm. Sanguinarina
12:0:25 | 10 95 ‘ 18 | sulph.injectedintojogn-
12:0: 35 | 20 see. 65 16 | lar towards the heart.

Or the results may be plotted to scale on profile milli-
meter paper.

When it is found that both pulse and pressure are
remaining constant, it is of course not necessary to tabu-
late long rows of figures which show no change : account
should, however, always be kept of the time elapsing be-
tween different tracings.

The respirations may also often be counted in these
experiments, as seen in the respiratory waves in the
manometer tracing.

It is not claimed that the method above given, though
sufficiently correct for general purposes, furnishes a means
of accurately measuring the blood-pressure. The mean
pressure is most accurately obtained by means of a plani-
meter. Another method is to determine the square
superficies of the irregular figzure bounded by the ab-
scissa, the curve and the two perpendiculars, and then
divide it by the length of the abscissa. The size of the
ficure may be determined by placing over it a piece of
tracing paper or glass ruled in square millimeters, and
counting the number of squares contained in it. In very
accurate experiments, the weight ot the column of sodium
carbonate in the manometer should also be deducted ;
when a solution of sp. gr. 1015 is used, this fraction
amounts to about % of the whole.]

The action of a poison on the heart may be manifested
either in alterations in its frequency of pulsation (aceele-
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ration, retardation, or arrest in systole or diastole), in
alterations in the strength of contraction, in disturb-
ances of the normal cardiac rhythm (for instance, each
ventricular systole may be preceded by two auricu-
lar contractions, ete.), or in various changes from the
normal blood-pressure. The majority of heart poisons
produce first acceleration, then retardation, and finally
irregularity, loss of power and arrest of the cardiac
pulsations.

(‘avsEs oF THE CHANGES IN THE CIRCULATORY
MEcHANISM.!

[Before we attempt to discover the organ or organs to
whose functional disturbance the results produced by
the drug on the circulatory mechanism are due, it may
be well to first give a short outline of the possible causes
of variation in blood-pressure and pulse-rate.

In the fivst place, it must be remembered that the blood-
pressure depends not only on the amount of blood pumped
into the arteries, but also on the amount of blood which
flows in the same time into the veins: Consequently the
blood-pressure may be raised, 1, by the heart beating
more quickly; 2, by a larger amount of blood being
pumped into the aorta by each beat; 3, by preventing the
escape of arterial blood into the veins from contraction of
the small arteries. And blood-pressure may be lowered
by, 1, a slow rate of cardiac pulsation; 2, by imperfect
ventricular contraction, whereby only a small amount of
blood 1s pumped into the aorta at each pulsation ; 3, by
relaxation of the small arteries, whereby the escape of
blood into the veins is facilitated ; 4, by obstructed pul-
monary ecirculation.

One or the other, or may be several, of these physical
causes will always lie at the bottom of all variations in
blood-pressure. But as we know that both the rate of

! In the preparation of this section, the Translator has made free
use of Dr. Lauder-Branton’s lectures on ** The Action of Drugs on
the Circulation.”
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the heart’s contraction and the condition of the small
arteries depend upon impulses coming from the nervous
gystem, we will find that circulatory disturbances pro-
duced by drugs are usnally due to some interference with
the regulating nervons mechanism, though there exists
the possibility of direct action on the muscular tissue of
the heart or of the arteries.

The nervous regulating mechanisms of the heart are
found in the cardiac ganglia, the inhibitory nerves, the
accelerating nerves, and the vaso-motor system.

1. Tue Carprac GANGLIA.—That the heart contains
within itself the conditions necessary for its rhythmical
movement is a fact whose knowledge dates from the time
of Galen, but that the explanation of this phenomenon lies
in the function of automatic nervous centres situated in
the walls of the heart, was first ponted out by Remak.
These cardiac crarucrha are three in number, and are of
different functmns two are motor ganglia, one an in-
hibitory ganglion. The motor ganglia are the ganglion
of Remak, situated at the opening of the inferior vena
cava, and ‘the canglion of Bidder situated in the left
auriculo-ventricular septum; the inhibitory g canglion of
the heart, that of Lindwig, 18 situated in the inter-auricular
septum. These gann'ha, are not only automatic in fune-
tion, but are also under the control of, or capﬁ.hle of being

modified by impressions coming

Fig. 24. from the central nervous systEm

and by varying conditions in the

temperature and chemical compo-
sition of the blood.

The elaborate studies of Schmie-
deberg on heart poisons have ren-
dered necessary the assumption of
a still more complicated system of
intrinsic cardiac nervous system;
this hypothetical nervous appara-
Dlisranror thie hypoftiats tus is represented in the diagram,

enl nervous apparatus of the ]:'lg 24, (Brunmn )
Loart. The motor ganglion M maintains
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the rhythmical contraction of the muscular fibres of the
heart with which it is in connection through the fibres E.
This motor ganglion is conneeted by an intermediate ap-
paratus with the inhibitory ganglion I, and the latter by
the fibres A with the centrifugal inhibitory influence pass-
ing through the pneumogastric nerves ; by means of this
mechanism the motor impulses generated by the ganghon
M may be arrested or retarded. The ganglion M is further
connected by an analogous apparatus with the accelerator
ganglion Q, and the latter by the fibres A" with the acce-
lerator nerves coming from the medulla and sympathetic
nervous system.

It is possible for poisons to produce cardiac disturb-
“ance by interference with the functions of any one part

of this apparatus; the methods for determining what
structures are affected will be subsequently given.

2. Tae Carpiac Ixursrrory NERVES.—The inhibi-
tory nerves of the heart arise in the cardio-inhibitory
centre in the floor of the fourth ventricle and reach the
heart through the pneumogastric nerves ; when they are
irritated the pulse is sléwed, or the heart may be arrested
in diastole., In man and the dog, cat and rabbit, they are
in constant action, and when divided, the heart beats more
rapidly ; the increase in the pulse after section or paraly-
sis of the vagi is more marked in the dog than in the cat
or rabbit.

Drugs may render the heart’s pulsation slow by, 1,
direct irritation of these inhibitory fibres either, a, at
their origin in the medulla, &, in their path through the
vagi, or, ¢, in their terminal fibres in the heart.

Or 2, the pneumogastrics may be indirectly irritated
through the action of the drug on other parts, producing,
a, increased blood-pressure, or,b, accumulation of carbonie
acid in the blood,

3. The inhibitory nerves may be reflexly irritated
through stimulation of sensory nerves, irritation of the
intestines, of the sympathetic, of the depressor nerve, or
of the vagus of the opposite side.

On the other hand, drugs may paralyze any point in
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};]he course of the inhibitory fibres, and thus quicken the
eart.

Fig. 25.

L —

Cex. A

Tiach

Ca.

Diagram of the last cervical and first thoracic ganglia in the rabbit. (From
Foster's Plhiysiology.) Trach Trachea. Ca. Carvotid artery. Sb. Subclavian
artery m.vog. Vagus trunk, . rée. Recurrent laryngenl. sym. Cervical
Sympathetic ending in inferior cervical ganglia, gi. cerv inf. Two roots of the
ganglion are shown, rad., the lower of the two accompanying the vertebral
artery, 4.vert, being the one generally possessing accelerator properties. gl.
thor. pr., the first thoracie ganglion. Its two branches communieating with
the cervical ganglion sureound the subelavian artery forming the annulus of
Viengsens., Sym thor. The thoracic sympathelie chuin., #n. dep. Depressor
nerve. This is joluved in it course by a branch from the lower cervieal gan-
glion, there being a small ganglion at their junction, fiom which proceed
nerves to form o plexus over the arch of the aorta. It is this branch from the
lower cervieal ganglion which possesses accelerator properties—hence ths
course of the aceelerator fibres is indicated in Lthe fignre by the arrows.

3. ACCELERATOR NERVES.—The accelerator nerves
arise in the medulla oblongata, pass down the cervical
portion of the spinal cord and join the last cervical and
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an increased rate of pulsation by direct stimulation of
these nerves either at their origin, in their course or at
their termination in the heart, or indirectly by producing
a diminished blood-pressure. The influence of drugs on
the accelerator apparatus of the heart has not been as
thoroughly worked out as in the case of the inhibitory
mechanisms.

4. Vaso-Moror SysTeM.—The normal tonicity of the
bloodvessels is maintained by the vaso-motor centre
located in the floor of the fourth ventricle of the brain.

Blood-pressure may be altered by drugs through
changes in the normal stimuli passing along the afferent
(sensory) nerves, changes in the irritability of the vaso-
motor centre itself, or by stimulation or paralysis of the
efferent (sympathetic) nerves, The vaso-motor centre
may be directly stimulated by drugs, mdirectly through
the cervical sympathetic, the vagus (when the brain is
intact and the animal not narcotized), or through the
general sensory nerves, when inereased blood-pressure
will result through contraction of the abdominal vessels.
Previous section of the splanchnie nerves will prevent
this rise of blood-pressure. The vaso-motor centre is
also subject to irritation in changes in the respiratory
gases of the blood.

The vaso-motor centre may also be inhibited, and de-
creased blood-pressure produced, by stimulation of the
depressor nerve. :

The following table, compiled by Lauder-Brunton, is
introduced to facilitate reference :—
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1 £1 [ GENERAL ACTION OF POISONS.

After having determined in the manner indicated on
page 113, the general action of the poison on the circu-
lation, the comparative effects of different doses must be
studied.

It must also be remembered that muscular contractions
will cause an increased blood-pressure ; hence when the
poison being experimented with produces convulsions, or
18 a respiratory poison, enough curare must be given to
paralyze the motor nerves of the voluntary museles, and
artificial respiration maintained. For this purpose an
ordinary bellows, run at the proper rate by a gas or
water motor, or even by the hand, or any of the various
forms of air-blasts, such as Sprengel’s air-pump, may be
used and the blast rendered intermittent by an electro-
magnet by which a weight that compresses the air-tube
can be alternately elevated and depressed.

In the explanation of the results obtained in blood-
pressure experiments, 1t will not be necessary to here
give a complete analysis of all the methods employed in
settling each point; enough only will be given to show
the general plan to be followed. ]

As already said, the causes of changes in the cireula-
tory mechanism may lie either in an action of the poison
on the muscular apparatus of the heart, its nervous appa-
ratus, or on the bloodvessel system. The conditions which
modify the functional activity of the cardiac muscle can-
not be separated from those governing the other muscles
of the body; hence, general muscle poisons, especially
those which exert a paralyzing influence, such as the de-
privation of the blood of oxygen, will act in the same man-
ner on the heart. Dut since an important part of the car-
diac nervous mechanism is contained within the heart, it
1s often difficult to decide what effect should be attributed
to action on the nervous system and what to action on the
muscle. It can, however, be positively stated, that a
poison acting on the muscular tissue of the heart alone,
may change the force of contraction, but never produce
any change in rhythm ; therefore, as a rule, it can only be
held that the poison acts on the cardiac muscle when 1t
produces progressive or total paralysis without change in
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rhythm; and the supposition is rendered more probable,
when the drug is known to affect other muscles in a similar
manner.

There is a large group of poisons, of which curare is a
good example, which have no action on the muscular ap-
paratus of the heart, but which paralyze the nerve ter-
minations of its motor apparatus. The exact mode of
termination of these nerves has not yet'been determined
(7), but it has been found that these poisons only act in
slight degree, if at all, on the intra-muscular cardiac
nerves.

The second and most usual action of a poison on the
heart is on its nervous system.

- [Let us suppose a case in which the drug causes
quickening of the pulse; by reference to the table, we
see that the heart may be caused to beat more rapidly
by stimulation of the accelerator nerves or ganglia, either
directly or by diminished blood-pressure, or by paralysis
of the inhibitory nerves or ganglia. If the pulse is ren-
dered quick by decreased blood-pressure, increasing the
pressure by compression of the aorta, or by an injection
of defibrinated blood, should slow the pulse; if, however,
it should happen that the rapid pulse is associated with
an increased pressure, this possibility of course does not
exist. If, therefore, we assume that we are dealing with
a case In which increased blood-pressure is accompanied
by a rapid pulse, the question will be narrowed down as
to whether the inhibitory apparatus of the heart is para-
lyzed, or the accelerator apparatus stimulated. If we
divide both pneumogastrics in the neck before the experi-
ment, and still find that the pulse is further increased
alter the administration of the drug, we can assume thas
the cardio-inhibitory centre in the medulla was not para-
lyzed, and it we find that the irritation of the central end
of a divided vagus, the other being intact, can reduce
the rate of pulsation, we can infer that the cause of the
disturbance does not lie in the inhibitory apparatus,
Suppose, however, we find that the irritation of the

central end of the vagus has no effect; then the trouble
10%
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must lie either in the vagus fibres, in the heart ganglia,
or m the medullary ganglion. The latter may be par-
tially excluded by the above experiment of dividing the
pneumogastrics ; the question may be still more de-
cisively answered in the following manner: It is known
that after a poison has been injected into the circula-
tion, it is only gradually distributed throughout the entire
system, and 1ts characteristic effects are only produced
when the percentage of poison in the blood reaches
a certain height ; and of course the percentage is great-
est at the point of entrance. Let us now suppose that
we are dealing with a case in which either the cardiac or
medullary inhibitory centre is either paralyzed or irrita-
ted; if we inject the poison into the jugular vein towards
the heart and the symptoms (quick pulse for paralysis,
slow pulse for irritation) instantly appear, the probabil-
ity is, that the poison acts directly on the heart. Dut if
some time, say a minute or more, is required before the
effects appear, the evidence then points to implication of
the centres in the medulla, and if we find that injection
of the drug into the carotid causes the instant appear-
ance of the symptoms, the evidence is conclusive.

It might, however, be necessary to determine whether
the vagus trunks are paralyzed ; if the cardiac ganglia
are intact, this can be readily settled by testing whether
their irritation slows the heart. If the cardiac ganglia
should be paralyzed, the condition of the vagus may still
be determined by the presence or absence of muscular
contractions in the larynx after irritation of the vagus
above the origin of the laryngeal nerves. After paraly-
sis of all portions of the inhibitory apparatus are thus
excluded, the conclusion can be formed that the drug
acts by stimulation of the accelerator apparatus, and this
can be located in the heart, if it should he seen after
section of the accelerator nerves.

The explanation of the production of a slow pulse 1s
reached in a somewhat similar manner. Slow pulse
from irritation of the inhibitory centre in the medulla, or
of the vagus trunks, is excluded by section of the pnen-
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mogastrics low down in the neck, while stimulation of
the peripheral ends of the vagus is rendered impossible
by previously giving enough atropia to paralyze the
pneumogastrics. Or the comparative degree of excita-
bility of the vagus trunks may be tested by noting the
strength of current required to slow the heart before
and after the administration. .

By methods similar to those here outlined, the action
of a drug on the extrinsic cardiac nervous system can be
determined with tolerable accuracy ; the study of the
action of the drug on the heart itself 1s, however, a
matter of considerably greater difficulty. |

Since there are at least three independent ecardiac
centres, viz., the intrinsic cardiac centres and the two
cerebro-spinal regulating centres (the accelerating and
inhibitory centres), and since all these centres may be
influenced by the numerous nerves with which they are
connected, a poison acting on the heart through the
medium of the nervous system may produce its charac-
teristic action in several different ways; and the ques-
tion is still further complicated by the fact that nearly
all heart poisons act on the heart in several different
ways at the same time, and the mode of action may vary
in different stages of poisoning with the same drug. The
following methods will serve to give some idea of the
course to be followed in attempting an investigation of
these points.

The action of the poison on the ganglia in the heart
can be tolerably well isolated by allowing the poison to
act on the excised frog’s heart, or in mammals by sepa-
rating the heart from the extrinsic nervous system by
section of all the nerves passing to it, an extremely
difficult operation,! or by division of both pneumogas-
trics and sympathetics in the neck and the spinal cord he-
between the occiput and atlas. By either of these meth-
ods, however, the intracardiac ganglia are not completely
isolated, since there are numerous poisons, such as

! Ludwig und Thiry, Wiener Acad. Sitzgsber. 1864, 18 Feb,
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curare, nicotine, atropine, ete., which produce their char-
acteristic effects by action on the intracardiac terminal
fibres of the different cardiac nerves, especially of the
vagus. In order to establish a condition of paralysis of
these nerves, examinations must be made, before proceed-
ing to the isolation of the heart, as to whether irritation
of these nerves will produce the characteristic normal re-
sult after the poison has been given; for instance, if the
drug paralyzes the intracardiac endings of the pneumo-
gastric nerve, the irritation of the nerve after the admin-
istration of the poison will fail to slow the pulse. To
determine whether the slowing of the pulse or arrest of
the heart, produced by the poison,is due to irritation
of the vagus endings in the heart, atropia or curare,
which in large doses are known to paralyze these struc-
tures, 1s administered hefore the drug, artificial respira-
tion kept up, and the drug then given; in such a case, if
the action of the poison is to slow the heart by stimula-
tion of the vagus endings, the previous administration of
a drug, such as curare, which paralyzes these structures,
will, of course, prevent the appearance of the usual
symptoms.

After eliminating in this way, the possible action of
the poison on the termination of the nerves in the heart,
the study of the action of the drug on the isolated heart
will then render it possible to form conclusions as to the
action on the cardiac gangha.

[From reasons already given, the heart of the frog is
much better suited for the study of drugs than 18 that of
the mammal, though recent improvements in the methods
of research have rendered the heart of warm-blooded
animals much more accessible for this purpose. The
methods of studying the local action of poisons on the
heart in situ have been already given; for the excised
heart, several plans may be followed. The old modes of
study, alluded to on page 88, have now been univer-
sally supplanted by the methods of investigation intro-
duced by Ludwig; his plan was to keep the heart sup-
plied with serum and attached to a manometer, by which
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the pulsations of the heart could be recorded. His origi-
nal instrument has been considerably modified by several
mvestigators, and several new forms of instruments for
this purpose are now in use; of these, only two forms
will be described, accounts of the others can be found in
the various physiological hand-books.

The apparatus used by Ludwig and Coats in their ex-
periments on the vagus nerve is shown in Fig. 27 ; it is

Fig. 27.

i

N

Ludwig and Coats’s frog manvmeter,

the simplest form of frog manometer, and can be readily
extemporized. It consists of a manometer %, connected
by a canula D’ with the bulbus aorte of a frog; at D
18 another canula inserted into the sinus venosus and con-
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nected by the tube (' with a reservoir A containing di-
luted rabbit serum, or even normal salt solution. ./ is a
heavy glass rod, moving on a sliding clamp, for holding
the frog. The frog’s heart is prepared by destroying
the brain and spinal cord and then cutting across the
body below the liver so as to remove the lower extremi-
ties; the sternum and forelegs are then removed, leaving
only a flap of skin large enough to cover the heart, which
13 exposed in the usual manner; one canula is then in-
serted in one aorta, pushed into the bulb and bound fast,
while the other aorta 1s ligated ; another canula is then
inserted in the sinus venosus. The liver and lungs are
then removed and an opening made in the stomach, and
the glass rod ./ passed through the mouth and down
the cesophagus; the aortic eanula is then econnected
with the manometer and the venous canula with the
reservoir, the stop-cock B opened and the serum
allowed to flow through the heart and out at K,
until all air bubbles are displaced and the heart and
vessels completely filled with serum. The clamp on &
18 then closed and the pressure bottle raised to such a
height that there is a certain tension exerted on the heart
even during diastole. This method of using this appa-
ratus, in which there is no circulation, the serum simply
being forced out of the ventricle at each systole and fall-
ing back at each diastole, is especially suited for the
study of drugs on the vagus nerve. The vagus is seen
in the drawing, and may be readily found below the
areater horn of the hyoid bone lying alongside of the
laryngeal nerve, which can be readily recognized by
tracing it to its destination.

After normal tracings have been taken with this ap-
paratus and the effects of the vagus tested, some of the
poison may then be added to the serum in the reservoir
and the results noted. In many cases, it 1s better to
have an active circulation through the heart, and to be
able to substitute normal for poisoned serum. This
can be readily accomplished by having two reservoirs
standing on the same level, the one containing normal
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the accurate study of poisons on isolated portions of the
frog’s heart is greatly facilitated. The instrument is
represented in Fig. 28, The small bell-glass (a) rests
on a round plate of brass (&) to which it is fixed by the
aid of a little stiff grease. In the upper opening of this
vessel is fitted a short glass canula, which is perforated
to allow the passage of the heart canula; inside this
canula is a second tube of metal measuring about 1 mm.
in diameter. It extendsfrom the lower extremity of the
canula to a point about 5 mm. from its upper end, where
it passes through its canal, and projects for a sufficient
distance to allow of an India-rubber tube being tied on
it (¢).

By means of this canula, diluted blood, or other fluid,
can be kept constantly circulating through the auricle or
ventricle, which 1s fastened on 1t, the rapidity of the flow
being regulated by the difference in height of the two
reservoirs which are in connection with the two tubes of
the canula.

In the brass plate on which the belljar rests are two
openings, one of which forms the inlet to a short tube d
which is provided with a stop-cock ¢; the other opening
18 sifuated in the centre of the brass plate and forms the
inlet to a short eylinder closed below by a non-elastic
flexible membrane to which is attached, by a piston-like
disk and needle, a long light lever. The ventricle, or
auricles, as the case may be, having been fastened on,
and the canula and reservoirs filled with diluted blood,
the heart is introduced into the bell-glass (which has
been previously fixed on the plate), and its cavity filled
with olive oil. . On now opening the stop-cock (e) the
oil begins to flow out through the tube d,and renders the
pressure within the bell-glass sub-atmospheric; when
the piston has thus been drawn up to the point repre-
sented in the ficure the stop-cock is closed. With the
apparatus thus arranged, each contraction of the heart
will cause an elevation of the lever, and each relaxation
a fall, from the varying volume of the contracting heart.
Observations on the isolated ventricle may be made by
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cutting away the base of the heart nearly down to the
auriculo-ventricular sulcus, inserting the canula into the
ventricle through one of the auricles and then binding 1t
fast by a ligature passing around the auricular wall near
the arieulo-ventrical groove. Where the ventricle is
very small the auricular septum may interfere with the
introduction of the canula; in such cases the auricular
septum should be slit through with a pair of very fine
blunt-pointed scissors. _

To fasten on the auricle to the perfusion canula’ the
lower two-thirds of the ventricle is clipped off with seis-
sors and the auricular septum slit through, with blunt-
pointed scissors, one blade entering each auricle from
the ventricular aspect, great care being of course taken
" to avoid cutting the walls of the auricles. The venz
cave superiores and inferior are then ligated, the posi-
tion of the ligature around the sinus venosus varying in
different experiments ; the end of the canula is then ir.-
troduced into the auricular cavity from the opened ven-
tricle, and is fastened by a ligature passing around the
sulcus, the upper third of the ventricle or around the
lower part of the auricular walls as the case may re-
quire. The movements of the sinus venosus may also be
studied in the same manner by introducing the canula into
its cavity. It 1s seen that by this method it is rendered
perfectly feasible to study the action of poisons on each
separate portion of the heart ; tracings may first be taken
with the organ supplied with diluted blood and then
with blood containing definite proportions of the drug.
It is possible to experiment on the toxic changes which
the heart undergoes as regards its electric irritability
by using the canula as one electrode and by surrounding
the canula where it passes through the stopper with rub-
ber, and outside of it a sheet of tin-foil whose projecting
edge is cut into a fringe ; outside, the tin-foil is connected
with the other pole of the indiction apparatus, while in-
side any portion of the fringes may be placed in contact
with the heart and serve as the second electrode.

The recent application to the mammalian heart by
11
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Prof. Martin,! of Baltimore, of the Leipzig method of
maintaining circulation through the organs of warm-
blooded animals has rendered possible the study of drugs
on the isolated mammalian heart. The principle of this
method is to prevent circulation through all parts of the
body of a warm-blooded animal but the heart and lungs;
from want of blood, the brain, spinal cord, and sympa-
thetic ganglia soon die, and so the heart is liberated
from the control of nerve centres outside of itselfs

The animal being tracheotomized and narcotized, the
carotids are exposed and tied, and canulze placed in their
central ends; the vagi are then divided in the neck.
The next step is to expose the heart and great vessels by
resecting the front and sides of the thorax, all bleeding
vessels being ligated. The right and left subelavian
arteries are then tied below the origin of their first
branches, thus cutting off nearly all blood from the head.
Next a metal canula, curved at one end so as to present
a long limb and a short limb at right angles to one an-
other, is inserted into the aorta just above the diaphragm
and pushed up until its end reaches the arch, where it 18
bound fast, thus blocking all circulation through the
systemic arteries, with the exception of the coronaries.
The next step is to tie the systemic veins leading to the
right auricle; a ligature is placed around the inferior
vena cava above the diaphragm, another around the vena
azygos near its entry into the superior vena cava, and
the latter is then ligated on the cardiac side of 1ts last
tributary. On the cardiac side of this lizature a large
tube, in communication with a flask containing defibri-
nated diluted blood, is introduced, the carotids opened,
and all the blood previously present in the heart and
lungs displaced by defibrinated blood. A thermometer
being inserted in the left carotid, and the right connected
with the manometer tube, the animal is then transferred
to a warm moist chamber.

1 Trans. of the Med. and Chir. Fac. of Maryland, April, 1882,
p. 203.
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The aortic canula is connected with a long rubber
tube having at its distal end a bent glass tube from
which the blood, forced out by each contraction of the
left ventricle, is poured into a funnel; from this funnel
a tube leads to a Mariotte’s flask exactly like that in
connection with the right auricle. The blood taken
by the right heart under definite pressure from one
Mariotte’s flask is thus pumped into another, from which,
by changing a couple of stop-cocks, it can a second time
flow into the right heart. Varying blood-pressure can
be produced by elevating or depressing the end of the
aortic exit-tube, while the addition of the poison to the
blood in the venous reservoir will enable its action on

the 1solated heart to be studied.

- In the attempt to localize the action of heart poisons
on different portions of the ganglionic apparatus of the
heart, one of two ways may be followed, though neither
in the present state of cardiac physiology deserves to
be designated as a method. Either the poison may be
administered to pulsating fragments of the frog’s heart
by means of Roy’s apparatus, and some conclusion
attempted from the known anatomical peculiarities of
the part, or the method of antago-

nisms may be followed. In gen- Fig. 29.

eral, the latter, although it is true
that its data are largely based on
assumptions, will lead to the most
reliable results. Thus in the dia-
gram, Fig. 20, the fibres repre-
sented by the dotted line A, are
said to be paralyzed by nicotine,
the ganglion I irritated by mus-
carine, and the fibres B paralyzed
by atropine. Suppose, therefore,
we find that a drug produces in- _ Ditgram of the hypotheti-
creased ;rapidity of the pulse in. neser oo e
an excised or isolated heart; we :
may first irritate the vagus, we find it fails to slow the
pulse ; we then irritate the sinus venosus, still withont
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effect ; we then add a few drops of muscarine and still
find that the heart is not slowed. We then know that
the fibres B must be paralyzed by the drug in question.
Or suppose a case in which muscarine could slow the
pulse, while irritation of the vacus failed ; we then know
that the fibres A were paralyzed. If the drug should
slow the pulse, and the subsequent administration of
nicotine should not restore the normal rate, we would
suppose that some portion of the ganglionic apparatus
nearer the motor centre than A must be affected, and
if we found that atropine would remove the effect of the
drug, it would be probable that the drug in guestion
produced slowing of the pulse by stimulation of the in-
hibitory ganglion TI.

As regards the action on the accelerator apparatus °
our knowledge is not so complete. When we find that
a drug quickens the excised heart, we have one of two
possibilities to consider; either the paralysis of the in-
hibitory apparatus or the stimulation of the accelerator
apparatus. The former may be excluded by previous
paralysis of the inhibitory ganglia by atropia. If now
the drug produces quickening we know that 1t must be
by action on the accelerator apparatus ; further than this
we cannot at present go, as the list of drugs which act
on the accelerator ganglia is very limited and not yet
well worked out. ]

The third cause of modifications in the action of the
heart and in blood-pressure produced by a poison, lies in
the condition of the peripheral vascular system. The
degree of contraction of the bloodvessels, particularly of
the arteries, not only influences the degree of blood-pres-
sure in the vessels, but also the frequence and energy of
the heart’s contractions. Thus, by ligation of any large
arterial trank, such as the descending aorta, the pressure
in all the other arteries and in the left side of the heart
can be so increased that the distended heart will be only
able to perform very feeble contractions. It has also
been experimentally determined that the calibre of the
smaller arteries is subject to variation depending upon
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the degree of contraction of their muscular walls, and
that this contractility is governed by the impulses coming,
by the efferent vaso-motor nerves, from the principal vaso-
motor centre in the medulla *

Many poisons influence the degree of arterial con-
traction either by direct action on the arteries (either by
action on their muscular fibres or on the hypothetical
peripheral vaso-motor ganglia), or on the vaso-motor
centre in the medulla, so as to produce either paralysis
and dilation of the arteries with a consequent reduced
blood-pressure, or a reduction in calibre with a conse-
quent great increase in blood-tension. Experiment has
further shown that each increase in pressure is usually
accompanied by a reduction in the pulse, and each reduc-
tion in pressure by an inerease in the pulse.?

It is, therefore, unwarrantable to form any conclusion
as to the cause of modifications in the heart’s action
until the possible reflected influence of changes in the
conditions of the bloodvessels has been considered. The -
reflex influence of the central vaso-motor centre on the
heart can be eliminated, without interfering with the
activity of the accelerating nerves, by section of the
spinal cord on the level of the second dorsal® vertebra,
or by division of the splanchnic nerves.* But even
with this proecedure the possibility of direct toxic action
on the muscular fibres of the arteries still remains.
Observations as to the condition of the bloodvessels are
most readily made on the ear of the rabbit, especially
after depilation with sulphide of calcium,®in the wing
of the bat, or in the retinal vessels of all animals capa-
ble of being examined with the ophthalmoscope; the
mesentery or swimming bladder of the frog can also be
used for the same purpose.

! For the exact location of this centre gee Owsjannikow, Sich.
Acad. Ber. 1871, p. 135.

2 See Ludwig and Thiry, Wiener Acad. Sitzgsber., 1864, Feb, 18.

* V. Bezold, Untersuch. aus d. physiol. Lab. in Wiirzburg, 2
Heft, 1867.

{ SBee M. and E. Cyon, Arch. f. Anat. u. Physiol., 1867, p. 395.

6 See Samuel, in Moleschott’s Untersuch., ix. p. 654.

11%
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[ Exclusive, then, of modifications dependent directly
upon the heart, the blood-pressure may be modified by
the direct action of the drug on the afferent vaso-motor
nerves, on the vaso-motor centre in the medulla (and
cord?) and on the efferent nerves. Consequently, when
1t 18 found that a drug produces a reduction in blood-
pressure, after the exclusion of the causes depending on
cardiac action, the condition may be due to paralysis of
the vaso-motor centre from direct action of the drug, to
paralysis of the afferent or efferent vaso-motor nerves, to
irritation of the depressor nerve, or to direct local action
on the bloodvessels.

When the cause has been located in the vaso-motor
apparatus, the precise seat of the paralysis can only be
determined by working from the periphery to the centre ;
thus the normal, or abnormal, condition of the arterial
walls must be first determined, then that of the efferent
vaso-motor nerves, then the vaso-motor centre, and finally
- that of the afferent vaso-motor nerves. In most cases it
is extremely difficult to separate direct toxic action on
the bloodvessels from action on the efferent vaso-motor
nerves, though some deductions may be drawn from the
characters of the circulation in excised organs; the
methods for carrying on these studies will be given under
their appropriate heads.

If the poison produces reduced blood-pressure from
direct action on the vascular walls, whether on their
nerve-ending or muscular fibres, we would expect that
after arterial tension has been reduced through section
of the cord, and the influence of the vaso-motor centre
thus eliminated, the administration of the drug would be
followed by a still more marked fall in pressure.

Local action on the bloodvessels may be excluded, as
was done by Filehne in the case of nitrite of amyl, by
maintaining artificial circulation with normal blood
through the vessels of the external ear of a rabbit, and
then administering the poison either by injection into the
venous system at large, or through the trachea when
the form of a vapor. Should the vessels then dilate,
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local action on their walls or on the nerve endings would
be excluded.

Another method, also employed by Filehne for the
same purpose, is to maintain a condition of moderate
contraction of the auricular vessels by stimulation of the
cervical sympathetic on one side with a weak interrupted
current ; if dilatation should not appear on that side after
administration of the drug, but exist on the ear of the
opposite side, the dilatation could be attributed to di-
minished tonus of the vaso-motor centre.

The irritability of the efferent vaso-motor nerves may
be determined by irritating the dorsal spinal cord, or the
splanchnic nerves, when, if the efferent vaso-motor fibres
preserve their functions, the blood-pressure will be greatly
inereased from contraction of the abdominal arterioles ;
should they or the arterial walls be paralyzed, no such
rise will be produced. Or the central end of the divided
cervical sympathetic may be stimulated in a rabbit and
the auricular vessels directly inspected; should they con-
tract, 1t will be evident that the vaso-motor paralysis is
located 1n the centre or in the afferent nerves.

The irritability of the vaso-motor centre may be de-
termined by screwing one gimblet electrode into the
occipital bone and the other into the atlas, until their
points penetrate the neural cavity, and passing an in-
duced current through them. Or the vaso-motor centre
may be irritated by compressing the carotid arteries in
the neck by raising them on threads; in a normal con-
dition this experiment produces an inerease in blood-
pressure. If the blood-pressure is increased by either
of these modes of stimulation, it may be considered de-
monstrated that the vaso-motor centre and efferent nerves
preserve their functions, and it will then be necessary
to determine the condition as regards the power of trans-
mitting impression possessed by the afferent vaso-motor
nerves. T'his is accomplished by irritating the central
end of the divided sciatic nerve, a procedure which
normally is followed by an increase in blood-pressure.

Should all these experiments demonstrate a normal
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state of irritability of the vaso-motor apparatus, atten-
tion must then be directed to the depressor nerve. This
nerve, which 1s a branch of the pneumogastric nerve, or
rather a root of the latter, which in the rabbit joins it at
the level of the superior laryngeal nerves, possesses the
power through its irritation of inhibiting the vaso-motor
centre in the medulla and thus producing a marked fall
in blood-pressure. If, therefore, both these nerves are
cut in the rabbit before the administration of the poison
the possibility of their influence in the production of
reduced blood-pressure will be excluded.

Lt should, moreover, be always remembered that drugs
which produce paralysis of the vaso-motor system usually,
especially with small doses, first cause a condition of
irritation of this apparatus, hence the fall of blood-pres-
sure is generally preceded by an initial rise.]

InprECT RESULTS 0F CIRCULATORY DISTURBANCES.—
In cold-blooded animals marked disorders of the circu-
latory apparatus are without effect on other functional
activities ; it is only when they are long continued that
general disturbances appear, and after a time, after comw-
plete arrest of the heart, the animal gradually becomes
more and more sluggish, its loss of power gradually pass-
ing into complete paralysis and death,! The secondary
cause of these disturbances, after arrest of the circula-
tion, probably lies in increasing deprivation of oxygen
affecting the central nervous system and muscles simul-
taneously. Increased rapidity of heart pulsation is
entirely without effect.

In warm-blooded animals, on account of their constant
need of fresh supplies of oxygen, every considerable re-
duction in the rate of the heart’s beats, and especially
arrest of the heart, is accompanied immediately by the
gravest general disturbances, and the recognition of this
interdependence of general functional activities and the
state of the circulation, first pointed out by Rosenthal,?

I [See in this connection Ringer and Murrell, Journ. of Physiol.,

vol. i. No. 1. p. 72.] .
2 Arch. f. Anat. u. Physiol,, 1865, GO1.
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is to be regarded as one of the most important advances
in scientific pharmacology. _

Arrest of the heart causes a complete stagnation of
the blood in all the vessels, and as a consequence we have
on the one side, a cessation of absorption of oxygen from
arrested pulmonary circulation, and on the other side,
the different organs are supplied with a diminished quan-
tity of blood which rapidly gives up its oxygen and be-
comes loaded with earbonic acid. This interruption mn
the oxygenation of the blood in warm-blooded animals
rapidly destroys the functions of all organs and soon
leads to general systemic death. Before, however, death
occurs, there appears a series of phenomena depending
upon the arrested eirculation in the medulla oblongata.
At first the respiratory centre is abnormally stimulated
by the altered character of the blood, and when the
venosity of the blood passes a certain degree, the stimu-
lation extends to the neighboring motor and vaso-motor
centres in the medulla, and contraction of all the small
arteries, and then general convulsions follow. Henee,
arrest of the heart is followed by the same train of
symptoms as interruption of the ecirculation in the brain
by ligation of the cerebral arteries or veins (which pro-
duced the same arrest of cerebral eirculation as stoppage
of the heart), or as interference with respiration ; namely,
in the first place, increasing vigor of respiration up to
dyspneea, then general convulsions and arterial spasm,
while the phenomena of asphyxia first make their appear-
ance when the amount of oxygen in the blood of the
medulla oblongata has fallen so low that the nerve centres
lose their irritability. These phenomena will be more
closely studied under the respiratory changes produced
by poisons.

It consequently follows from what has been said that
arrest of the heart, or even every considerable reduc-
tion in the heart’s activity, must in warm-blooded ani-
mals cause dyspnoea, general convulsions and asphyxia.
When therefore a poison causes convulsions in warm-
blooded animals and not in frogs, it must always be
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determined whether the drug does not in the first place
cause stoppage of the heart.

In this way other nerve centres, especially those
governing the movements of the intestine,) and con-
tractions of the uterus,? are influenced like the respir-
atory and vaso-motor centres by inereased venosity of the
blood, and consequently increased intestinal peristalsis
and uterine contractions may be results of interference
with the cirenlation.

The consequences of less grave circulatory disturb-
ance are to be explained as depending upon alterations
of blood-pressure (see p. 91). Nearly all funetions are
intimately dependent upon the degree of blood-tension
in the organ with which they are associated, and there-
fore every marked change from the normal blood-press-
ure, through toxic action on the heart or bloodvessel
system, soon leads to functional disorders.* The most
marked and the earliest of these disorders eccur in the
functions of the cerebrum, where diminished blood-
pressure leads to dizziness and syncope, and inereased
pressure to sense disturbances, delirium and loss of con-
SClOuSNess.

SecrioNy I1.—Action on the Respiratory Apparatus.

A general idea as to the condition of the respiratory
apparatus may be gained by mere inspections of the tho-
rax. A greater degree of accuracy is attainable when
inspection of the diaphragm is rendered possible by open-
ing the abdomen; or, without opening the abdominal
cavity, by the insertion of a long needle through the
body walls into the diaphragm. In order to reproduce

I Mayer u. von Basch, Wiener Med. Jahrbiicher, 1872,

2 Oser u. Schlesinger, Weiner Med. Jahrbiicher, 1872.

8 The best statement of these facts is to be found in a lecture :b}"
Ludwig, Die Physiologischen Leistungen des Blutdruckes, Leipzig,
1865.
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the respiratory movements graphically Rosenthal’s
phrenograph or Marey’s pneumograph may be used.

In certain cases it is necessary to determine the
volume of the respiratory movements; for this purpose
Hutchinson’s spirometer or an ordinary gas-meter, con-
nected with the trachea, may be employed.

[The changes in the frequency and rhythm of the re-
spiratory movements may be graphically represented by
means of Marey’s tambour, either arranged as in the figure
(Fig. 30) or by connecting the tube d directly with the
tracheal canula, which must then be provided with an
opening at one side to enable the animal to obtain fresh
air. - :

Knoll! recommends the insertion of the animal in a box
which can be closed air-tight, the trachea of the ani-
mal being connected with the exterior by a tube pass-
ing through the top of the box, while the respiratory
movements are recorded by connecting the interior of the
box by a tube with a Marey’s polygraph.]

a. DyspN@a.—The most frequently observed effect of
poisons on the respiratory apparatus is dyspncea, made
‘evident by an increased vigor of the respiratory move-
ments and action of the accessory muscles of respira-
tion ; usually, the frequency of the respiratory move-
ments 1s also diminished. .

The cause of dyspncea is invariably an irritation of the
respiratory centre in the medulla oblongata ; this irrita-
tion is always to be found in the blood whieh acts as an
excitant to the respiratory centre in proportion as it be-
comes poorer in oxygen and richer in carbon dioxide.?
These morbid states of the blood, which are therefore
the final cause of dyspncea, can exist either in the blood-
vessels of the medulla or the head, as has already been

! Sitzber. der Akad. zu Wein., 3 Abth. Bd. lxviii. s. 245.

2 These alterations of the blood are mutually interdependent ;
the question as to which of the two conditions is the true excitant
still remains undecided,
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mentioned on p. 128, or they may prevail in the blood at
large ; this latter condition is the more usual.

The reduction in percentage of oxygen in the blood
and the excess of carbon dioxide, or, as Hering terms it,
the increased wenosity of the blood, may be due to any
or all of the following conditions: 1. Diminished or
retarded absorption of oxygen in respiration. 2. Di-
minished exhalation of carbon dioxide in respiration. 3.
Expulsion or abnormal consumption of the oxygen origi-
nally in the blood. 4. Abnormal absorption of carbon
dioxide.

The first two of these conditions are ordinarily pro-
duced by interference with the respiratory movements,
and may be produced by poisons through paralysis of
the respiratory apparatus, either of the respiratory
centre, nerves or muscles. In this case, however, to
produce dyspnea, the paralysis must be confined to
individual respiratory musecles; or they may be due to
interference with the pulmonary circulation (see heart
paralysis, p. 129), or finally, to inability for absorption
of oxygen by the blood. This latter cause, with the
exception of dyspnecea produced by heart-poisoning, is the
most frequent factor in the toxie production of respiratory
diffienlties. The blood can be unfitted for absorbing
oxygen either through alteration of the heemoglobin, or
through destruction of the red corpuscles.

The third of the above -mentioned conditions which may
act as causes of dyspncea, the expulsion of the oxygen
from the blood, eau naturally only exist as such when
it is produced so rapidly that the lost oxygen cannot be
replaced with sufficient rapidity, to preserve a normal
proportion, by the fresh oxygen taken in respiration, or
when the blood is at the same time and by means of the
same agent unfitted for absorption. Sulphuretted hydro-
gen 1s an example of a poison which produces the first
of these conditions, carhon mon-oxide, of the second.

The fourth condition may occur when an atmosphere
abnormally contaminated with carbon di-oxide is inspired.

If, nu;;, this poverty of oxygen and richness in carbon
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di-oxide of the blood continues, the dyspneea passes into
general gonvulsions as the increasing irritation extends
to other centres in the medulla. Should the deprivation
of oxygen still advance, the irritability of both the nerve
centres and the muscles gradually fails, the convulsions
cease, and are replaced by asphyxia, which is not death
so long as the heart continues to beat and still possesses
the power, through introduction of oxygen into the blood,
of bringing the organism back to its normal condition.
Should this oceur, as, for example, through artificial res-
piration, the irritability of the nerve centres is first re-
newed, and convulsions are again produced ; the rapid
disappearance of the irritation soon causes the convulsions
to be replaced by dyspneea and this finally gives place to
normal respiration. The consequences of dyspncea can-
not be specified, since dyspneea is essentially a compen-
satory process, tending to remove the abnormal condition
of the blood through increased absorption of oxygen and
exhalation of carbon di-oxide by deeper breathing.

b. CESSATION OF RESPIRATORY MovEMENTS,—Besides
dyspncea, poisons may produce weaker respiratory move-
ments or cause their complete suppression. The causes
of these conditions may, in general, be either:—

1. REpucTION OF THE RESPIRATORY STIMULUS THROUGH
SATURATION OF THE Broop witH OXYGEN AND DIMINU-
TIoN IN ITS CArRBON Dr-oxive.—This condition, which
can scarcely be regarded as toxicological,is termed apneea,
and may be produced by vigorous artificial respiration ;
it is made use of experimentally when it is desired to
study successive stages of the general action of a drug
whose administration is otherwise followed by dyspneea.

2. REpucTioN IN IRRITABILITY OF THE RESPIRATORY
CENTRE.—This condition may be the result of either
a direct action of the poison, or the consequence of such
a reduction in the amount of oxygen in the blood that the
nerve centres are no longer irritable, a condition which
always occurs in the last stage of dyspneea (see asphyxia,
above). It is directly productive of death, since not only
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the respiratory centre, but all the other centres, especi-
ally those of the heart, become simultaneously paralyzed
either from the same cause or from the cessation of res-
piration. If the asphyxia is the result of a direct action
of the poison on the respiratory centre, the activity of
the heart, and therefore life, can be preserved by artifi-
cial respiration. If, on the other hand, the asphyxia is
due to an absence of oxygen in the blood, artificial respi-
ration will only prove effective when mere increased
access of oxygen will serve to supply the deficiency.

[ Respiratory changes may be referred to direct action
of the drug on the respiratory nerve centre when they
occur after section of the vagi, and after the influence of
cireulatory chances has been excluded. This point may
be determined by injecting the drug into the carond
artery toward the brain, while a blood-pressure observa-
tion 18 made in the crural artery ; if respiratory changes
oceur before any disturbance of the cirenlation, the latter
may be excluded as the active cause. Of course the possi-
bility of the effects of the drug being due to alterations
in the blood or its gases must be taken into consideration. ]

3. PArALYSIS oF THE RespiraTorY MuscrLes.—This
condition will be produced by drugs producing general
paralysis, e. g., curare, Death results from deficiency
in absorption of oxygen, ordinarily without preliminary
dyspnoea or convulsions ; in such circumstances life may
be preserved by artificial respiration.

¢. ALTERATIONS IN THE FREQUENCY oF THE RESPIRA-
TORY MoVEMENTS —The rate of respiratory movement
18 dependent upon the rhythmical functions of the respi-
ratory centre, upon the condition of excitation of the
regulating nerves, especially those running in the pneu-
mogastric, and upon mental or cerebral stimuli. Drugs
may change the rate of respiration through any one of
these paths: ordinarily the modus operandi may be ac-
curately enough determined. '

Uerebral or mental “sources of stimuli on the respira-
tory centre may readily be established in man, and in
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animals they may be excluded through previous narcoti-
zation or extirpation of the cerebral cortex.

Irritation of the reculator nerves, at least when start-
ing from their peripheral terminations, may be eliminated
by section of the nerve trunks.

Changes in frequency persisting after exclusion of the
two preceding modes of action must depend upon the
direct action of the poison on the respiratory centre.

Changes in the rate of respiration must be very
marked to produce any evident general results. It
should, however, be remembered that slowing of the res-
piration may be an introductory symptom of complete
cessation of respiration, increased respiration, of tetanus.

In both cases the consequences will he the same, in a
general way, as those which follow complete cessation
of respiration.

d. APPEARANCES IN THE LARYNX.—Poisons may affect
either the sensory or motor functions of the larynx.
Insensibility of the larynx, ordinarily only one sign of
more general ansesthesia, interferes with the normal pro-
tective influence exerted by the larynx over the lungs
by the absence of the possibility of reflex closure of the
glottis ; a similar danger may also be produced in paral-
ysis of either the laryngeal nerves or muscles.

On the other hand, poisons may cause spasm of the
glottis, and so interfere with normal respiration, either
reflexly by irritation of the sensory nerves, as in inhala-
tion of irritating gases and vapors, or by direct action on
the nerve centres or muscles.

Seorron I111.—Action on the Digestive Apparatus,

Under this head, which has been less studied, and is,
therefore, more obscure than any other branch of phar-
macology, distinetion must be made between changes in
the movements of the digestive organs, the production of
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abnormal sensations, alterations in the secretions, and,
finally, changes in the digestive processes.

@. ALTERATIONS IN THE MOVEMENTS OF THE DIGES-
71vE OrRGANS.—1. MovEMENTS OF THE JAws. The only
toxic effect evidenced by movements of the jaws [except
the masticatory movements which follow the introduction
of drugs by the mouth, or their excretion, when perceptible
to the taste, by the s&]wa] 1s trismus, a tetanic spasm of
the muscles of mastication which 1s genemlly an infroduc-
tory symptom of general convulsions (see Nervous Sys-
tem), and which, with the exception of the prevention of
the prehension of food, leads to no special consequences
worthy of separate sbudy.

2. DeeruritioN.—Deglutition can be hindered by the
action of poisons, either through action on the motor appa-
ratus, when it is merely a sympt-:}m of general paralysis
(see Nervous System), or by alteration of the secretions
of the mouth and pharynx, as, for example, the dyspha-
gia produced by belladonna poisoning. Whether spasm
of the muscles of deglufition, as occurs i hydrophobia,

may be produced by ‘the action of poisons, is unknown.

3. MovEMENTS OF THE SToMACH.—ASs the knowledge
which we possess as to the couditions modifying the
physiological movements of the stomach is of the most
limited character, it follows that nothing can be said as
to the effects of drugs on this function of the digestive
organs. As regards the production of vomiting by toxic
action, our knowledge is a little more complete.

Vomiting is a complicated co-ordination of various mus-
cles, having as a result the emptying of the contents of
the stomach into the pharynx. With the exception of the
opening of the cardiac orifice,! the role of the stomach in
vomiting is purely passive, the act being largely due to
rhythmic contractions of the diaphragm and abdominal
muscles. The co-ordination of these muscles is governed
by a nerve centre lying in the medulla oblongata or

I Schiff, Moleschott’s Unters., x. 3563.
12%
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- brain’ which is capable of being set into activity by
stimuli directly brought to it by the blood, or reflex]
through various centripetal nerves, especially those com-
ing from the digestive apparatus. The determination as
to which of these modes is concerned in the production
of vomiting by drugs cannot be reached by merely vary-
ing the mode and location of administration of the drug,
since the production of emesis after venous or hypoder-
mi¢ injections does not prove a direct action on the
centre ; for the substances are carried by absorption to
the stomach, and may there serve as rellex stimuli.
This statement 18 proved by the fact that tartar emetic
requires larger doses and a longer time to produce
emesis when injected Into a vein than when given by
the stomach, and even in the former case the presence
of antimony can always be detected in the vomited
matters.” 1t 18, therefore, still doubtful whether the
centre is capable of direct stimulation.

Different animals vomit with diffevent degrees of readi-
ness ; while birds, dogs, and mice, vomit with the greatest
ease, the contrary is the case with rabbits and frogs.

Although, as has been said above, the stomach is pas-
sive in the act of vomiting, 1t 1s conceivable that drugs
may at the same time produce active contractions of the
stomach ; to verify this, the voluntary muscles should be
paralyzed with moderate doses of curare and artificial
respiration kept up, when the conditions of the stomach
may be directly inspected.

The consequence of the act of vomiting 1s the removal
of the contents of the stomach, and, therefore, the partial
or total removal of the poison ; 1f 1t 1s desired to study
the general action of a poison which produces vomiting,
the drug should first be administered by some other
means, as hypodermically, and if vomiting still occurs, it
must be prevented by curare,® or by ligature of the ceso-

I Hermann u. Grimm, Arch. f. d. Ges. Physiol.; iv. 203,
2 Hermann, Arch. f. d. Ges. Phys., v. 280,
3 Giannuzzi, Centbl. f. d. med. Wissen., 1865, i.
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phagus, a procedure often employed in the older experi-
ments.! [In many cases vomiting may be prevented by
section of the vagi, since these are the nerves by which
the afferent impulses which cause the relaxation of the
cardiac sphineter reach the medulla. ]

4, MovEMENTS OF THE INTESTINES.—Alterations in
the movements of the intestines, such as increase, dimi-
nution, or suppression of the peristaltic motions, cannot
be clearly studied either by inspection or palpation
without opening the abdomen, and 1t is therefore gener-
ally advisable to expose the abdominal contents by an
incision in the linea alba ; but since the rapid loss of heat
and drying of the intestines lead to changes in their cir-
culation, and consequently to changes from the normal
motions which might erroneously be attributed to the
action of the drugs, it has been recommended with some
show of success to immerse the animal, before opening
the abdomen, in a bath of salt solution, £ per cent., heated
to the body temperature, whereby all cooling and access
of air is prevented; under such circumstances artificial
respiration must be kept up through a tracheal canula
and rubber tube.?

[ Salvioli® employed the following method for studying
the movement of the small intestine. A piece of jejunum
1s excised with its mesentery, from a rabbit, laid on the
inmer surface of a piece of excised abdominal wall in a
warm, moist chamber, and a mixture of 30 parts calves-
blood and T0 parts § per cent. salt solution, well shaken
up in the air, conducted through its bloodvessels ; one or
more light levers resting on the surface of the intestine
serve to register its movements. The action of drugs on
the peristaltic movements may be studied by adding the
poison to the circulating fluid ; thus Salvioli found that
nicotine caused violent intestinal contractions and narrow-
ing of the bloodvessels, while opium and atropine pro-

! See Orfila’s Toxicologie, 1839, 1. 29,
# Sanders-Ezn u. van Braam Houckgeest, Pfliiger’s Arch. vi. 266
 Arch f, Anat. u, Phys., 1880, s, 95,
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duced the reverse. For particulars as to this method, as
well as for the relations observed between the blood-
pressure and the peristalsis, reference must be made to
the original memoir. ]

Departure from the normal degree of peristaltic motion
may be due either to direct action on the muscles of the
ntestine or on its ganglia, on the extrinsic motor or in-
hlbltur:,r (splanchnic) centres, or indirectly to respiratory
or circulatory chanees.

The experiments necessary for the proof, by exclusion,
as to which of these modes of action 1s concerned, such
as irritation and section of the appropriate nerves, will
readily suggest themselves.

[Direct action of a drug on the intestinal walls, or on
their contained ganglia, may be proved by the absence
of the characteristic symptoms, such as contractions,
paralysis, etc., in a portion of the intestinal tube which
has been protected from the access of the poison by pre-
vious ligation of the branch of the mesenteric artery b
which it is supplied. And, conversely, injection of the
poison into a branch of the mesenteric artery should,
under such circumstances, cause the symptoms first to
appear in the portion of intestine supplied by that ves-
sel.

11 should, however, be mentioned that ansemia of the
abdominal vessels, as well as dyspneea, causes an
increased peristalsis.

As regards modification of the function of defecation,
either diarrhceea, or constipation may be produced by
drugs, but as yet it is not known whether the changes are
due to action on the motor apparatus of the bowels or on
their secretions.!

b. ALTERATIONS IN THE SENSIBILITY OF, AND ProDUC-
TION OF ABNORMAL SENSATIONS IN THE ALIMENTARY
CANaL.—Abnormal sensations, nausea, loss of appetite,

I See Radziejewski, Arch. f. Anal. u. Physiol., 1870, i. [and Hay,
Journ. of Anat. and Physiol., 1881 and 1882].
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and increased thirst, are very common effects of poisons,
especially when given by the mouth, and so brought into
direct contact with the sense organs; the same effects
may, however, be often produced when the drugs are
otherwise administered. Reliable observation of such
effects can only be obtained in experiments on man;
this also applies to the numerous phases of painful sen-
sations which often follow the administration of poisons,
such as cardialgia, colic, ete., the causation of which
is always obscure.

¢. ALTERATIONS IN THE DIGESTIVE SECRETIONS.—
Acecurate study of such changes, further than the mere
evidence of increase of saliva from its flowing from the
mouth, or decrease by dryness of the parts, can only be
obtained throngh the production of fistulze.

[The methods of studying the action of drugs on the
salivary and biliary secretion will be given under the
heading of the action of drugs on glandular action.
Occasionally some idea as to the action on the other
digestive seeretions is to be obtained by the analysis of
eastric and pancreatic juice obtained through fistulee,
and the examination of the digestive products obtained
in the same manner. Our ignorance, however, of the
conditions, such as nerve-influence, under which these
secretions are formed, does not permit of any very accu-
rate studies in this connection ; and very often quite as
correct notions may be obtained by adding the drug to
artificial digestive fluids.

Dogs are most suitable for gastric fistule. The ani-
mal is first narcotized with opium or chloroform, bound
on his back, and the hair shaved from the epigastric
region. An incision is then made through the skin,
commeneing at the lower border of the costal cartilages,
and about an inch and a half to the left of the linea alba,
and extending downward parallel to this line, for a dis-
tance a little less than the diameter of the flange of the
canula which it is desired to use. Hach muscular layer
i then to be divided in a direction parallel to its muscu- -
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lar fibres, and every bleeding point tied before opening
the peritoneum. When it is certain that the bleeding
has stopped, the peritoneum is to be opened on a director.
On stretching open the wound, the stomach (which should
have been distended before the operation by a full meal,
or by inflation with air by means of a tube passed down
the cesophagus) eomes into view, its oblique muscular
structure being plainly visible through its serous cover-
ing. A point of the gastric wall should now be seized
with artery forceps at a spot where there are not many
large vessels, and drawn forward. Two strong silk
threads are then passed into the walls of the stomach
with a curved needle, at a distance from each other about
equal to the diameter of the tube of the canula, and
brought out at a similar distance from the points where
they were introduced. An incision rather shorter than
the diameter of the tube of the canula, 1s then made into
the gastric walls between the two threads, and the
opening stretched with blunt hooks until it 1s large
enough to admit the inner flange of the canula. The
stomach is then tied to the canula by the threads pre-
viously passed into its walls, and their ends then passed
through the abdominal walls and tied, thus serving not
only to close the wound in the latter, but also to main-
tain them in apposition with the stomach. The canula
should be left uncorked for an hour or so after the ope-
ration so as to prevent the passing of the gastric contents
into the peritoneal cavity, should the animal vomit. The
dog must be fed on milk for two or three days after the
operation, and kept in a warm place.

The form of canula almost universally used, 1s that
designed by Bernard. It consists of two silver or
nickel-plated tubes, each of which has at one end a broad
flange ; one tube screws into the other, so that the dis-
tance between the two flanges may be altered at will.
On the second or third day after the operation, the mar-
gin of the wound becomes very much swollen; this
arrangement of the tubes permits the lengthening of the
" canula, so that the skin is not ulcerated from pressure
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of the flange. The canula may be closed by a cork
soaked in a decoction of colocynth, to prevent the dog
from tearing it out with his teeth. . ;

Ordinarily the animal will be ready for experiment in
about a week. Comparative experiments may then be
made on the characters of the digestive process at stated
intervals before and after the administration of the drugs,
of the changes in the secretion or the drug, and of the
absorbability of the poison. Gastric juice can also be
collected for experiments on artificial digestion: or infu-
sions or glycerine extracts of the mucous membrane of
the stomach in 0.2 per cent. HCl. may be employed.

The action of drugs on the pancreatic secrefion is
as yet an entirely unbroken field. The extreme suscep-
tibility of the pancreas to disturbing influences will ren-
der the study of the action of drugs on its secretion, as
obtained in temporary fistule, liable to complication,
while it is probable that it is impossible to retain a nor-
mal condition of the gland in permanent fistulse.

If it is desired to attempt studies on these points, pro-
bably the best method would be to open the abdomen of
a dog under warm salt solution, insert a canula 1n the
pancreatic duct, and inject the drug into the gland artery.
The method for establishing temporary or permanent
pancreatic fistulee, may be found in Sanderson’s or
Cyon’s Hand-book, or in Bernard’s writings. ]

Diminution of the secretions may cause dysphagia or
constipation, or changes in the digestive processes; in-
creased secretion may produce diarrheea.

The question as to whether the retained products of
secretion in the blood produce further disturbance of
function when the secretory processes are interrupted,
can only be raised in the case of the bile, and even here
it is clouded with a great deal of obscurity. At any rate,
the retained substances cannot be regarded as bile, which,
as such, 1s only elaborated in the liver. The possibility
of retention of bile through toxic action on the intestinal
canal (catarrh leading to obstruction of the bile-duct),
should be borne in mind. Such a state of affairs is dis-



144 GENERAL ACTION OF POISONS.

closed by the paleness and abnormal odor of the feces,
through the jaundiced color of the skin and certain mucous
membranes, and by the presence of the bile acids and
coloring matters in the urine. The existence of ieterus
gravis would indicate that the retained hile products
may, under certain illy-defined conditions, be the cause
of further disturbances of function.

d. ALTERATION IN THE DIGESTIVE ProcEsses.—The
presence of poisons in the alimentary canal can lead in
the most various ways to digestive disorders; either
through alteration in the reaction of the digestive juices,
through action on the food stuffs or their digestive
products, through preventing the formation of normal
secretions, or by action on their ferments, or finally by
mterfering with the normal fermentative processes. Any
one or all of these conditions may be produced, either
by directly swallowing the poison or through its passing
from the blood into the secretions. The consequences
of disordered digestion are first seen in sensory distur-
bances, as loss of appetite, nausea, or colic; then in
motor disturbances, as vomiting, diarrheea, or constipa-
tion, and, when long continued, in emaciation and weak-
ness.

The proof of such toxic changes is hest obtained
through artificial digestion experiments in which the poi-
son is mixed with the digestive fluids, though occasion-
ally some idea as to the action may be obtained from
examination of the vomited matters or feces, or by care-
ful analysis of the symptoms produced.

Seerioy 1V.—Action on Glandular Organs.

a. SECRETING Granps.—The character of the influ-
ence of poisons on glandular organs is best made out
through study of their secretions; nearly always the
changes which will be detected will be of a quantitative
nature, and are generally easily enough determined, while
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qualitative changes produced by toxic action have been
but rarely studied.

The mode in which drugs increase or diminish secre-
tions is as obscure as the general physiological processes
connected with the normal act. In many cases, doubt-
Jess, the act is of a vaso-motor nature, as in the increased
salivation produced by curare; in other cases direct
action on the secretory tissues or nerves must be con-
cerned.! A thorough investigation is possible in the case
of but few glands; in the case of the salivary glands,
however, this branch of pharmacology has been compara-
tively thoroughly worked out.

1. [ACTION ON THE SALIVARY SECRETIONS.—In order
to study the action of drugs ou the salivary secretion it 1s
necessary to establish temporary salivary fistule in the
lower ammals, and expose the nerves through whose
action modifications of the act of secretion can be pro-
duced. Large dogs are the most suitable for such opera-
tions.

Since the submaxillary gland is the most accessible it
is the gland which is ordinarily selected for such studies.

To make a temporary salivary fistula in a dog, the
anmimal 18 chloroformed, the hair shaved from the lower
surface of the jaw and the side of the neck, and an inei-
sion made along the inner border of the lower jaw, com-
mencing about its anterior third and extending back to the
transverse process of the atlas, dividing the skin and
platysma muscle. After clearing away the connective
tissue and fat, carefully avoiding all veins, the submaxil-
lary gland comes into view, just below the angle of the
jaw. It i1s then seen that the gland lies in an angle
formed by the junction of two veins which go to make
up the external jugular, one branch coming from above
downward, directly behind the gland, and usually receiv-
ing a small vein from the gland itself (as represented in
Fig. 31), while the lower branch runs horizontally below

is ' Heidenhain, Pluger’s Archiv, v. 309,
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the gland, and is formed by the junction of two other
branches, one coming from above and the other from be-
low ; this horizontal branch very constantly receives a
vein from the gland. This dissection requires care, to
avoid wounding these large veins.

Fig, 31.

Yeins of the submaxillary glm!d-nf the dog. (After Bernard,) 4. Sub-
maXillary gland. B. Jugular vein. ¢ Glandular yvein.

Both branches which go to form the horizontal branch
are now to be tied, the one coming from above receiving
a double ligature, one where it comes over the ramus of
the jaw and the other where it joins its fellow, the inter-
mediate portion being removed. Having now carefully
removed the cellular tissue from the portion of the wound
in front of the gland, the thick belly of the digastrie
muscle comes into view, its fibres running forward from
its origin on the temporal bhone, to be inserted in the
middle third of the ramus of the lower jaw, immediately
in front of the insertion of the masseter, from which
muscle it is separated by a slight groove. In front of
the digastric the floor of the wound is formed by the
transverse fibres of the mylo-hyoid muscle, crossed by
the mylo-hyoid nerve, which comes out from under the
jaw at the point of insertion of the digastric muscle.
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The connective tissue is then gradually to be cleared
away, with a blunt hook, from the surface of the digas-
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tric muscle, and from the groove between it and the
masseter muscle, taking care to avoid, as the deeper
portion 1s reached, the facial artery, which passes over
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the jaw to run between these muscles, and the artery to
the gland which comes from the facial and goes in this
groove back to the gland. In the same locality lie also
the ducts of the gland and the chorda tympani nerve.
The digastric muscle is now to be separated, with an
aneurism needle, from the facial artery, avoiding all the
adjacent structures, and its muscular arterial branch
tied. The muscle is then divided at its anterior third,
or where it is inserted into the jaw, and its posterior ex-
tremity seized with a pair of artery forceps, and gradu-
ally cleared back to its insertion into the temporal bone,
and surrounded by a ligature. Now, when it is assured
that there 1s nothing but muscular structure in the grasp
of the ligature, it is pushed back to the temporal bone
and tichtened, and the digastric muscle divided in front
of the ligature and removed. On carefully tearing away
the connective tissue at the base of the wound, and draw-
ing back the submaxillary gland, there is exposed a tri-
angular cavity (represented in Fig. 32).

This space is limited above and behind by the deep
surface of the submaxillary gland, into the hilum of
which enter the artery, chorda tympani, and sympathetic
nerve fibres with the glandular duct. Its lower margin
is formed by the genio-hyoid muscle, and the upper
border by the ramus of the jaw and the masseter muscle ;
the anterior portion of its floor is formed by the trans-
verse fibres of the mylo hyoid mauscle, on which ramify
the branches of the mylo-hyoid nerve.

At the posterior portion of this space the external
carotid artery enters and runs along the base of the tri-
angle, giving off first the lingual and then the facial arte-
ries, from the latter of which comes the artery of the
gland.

Almost immediately after entering this space the caro-
tid is crossed by the large hypoglossal nerve, running
forward to be distributed to the muscles of the tongue,
etec. Now, if this nerve is divided at the point where it
crosses the carotid, and the central end removed, the
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pneumogastric trunk comes into view, lying behind the
artery. On pulling to one side the vagus trunk, below
and behind it can be seen the white trunk of the sympa-
thetic nerve, which here separates itself from the vagus
to form the superior cervical ganglion, from which two
small filaments pass out to accompany the carotid and
glandular artery to enter the hilum. Some of the sym-
pathetic fibres also pass into the gland along the arterial
branch which comes from the temporal artery and enters
the superior part of the gland.

Then, to expose the chorda tympani and the salivary
ducts, the fibres of the mylo-hyoid muscle are to be
divided transversely at about their middle, avoiding the
nerve and tying all veins, and the upper half of the mus-
cle reflected. The lingual nerve then comes into view,
passing from under the ramus of the jaw, and running
downward and forward about parallel in direction with
the hypoglossal. On drawing the parts toward the mid-
dle line, the two salivary ducts are seen passing along
close together, immediately under the ramus of the jaw,
the submaxillary duct lying nearest the bone and being
a little the largest.

On tracing back the lingual nerve to where it passes
from under the jaw, it will be seen that a delicate ner-
vous filament here leaves the lingual and curves back-
ward, along with the duets, to enter the hilum of
the gland; this is the chorda tympani. Immediately
after the chorda leaves the lingual there is sometimes
seen a small ganglionic enlargement, known as the sub-
waxillary ganglion, and as the chorda enters the hilum
1t forms a slight ganglionic plexus with the fibres of the
sympathetic.

Each of the nerves, which it is desired to study,
should be carefully isolated and surrounded with a
thread, and a canula should be inserted into the submax-
illary duct. To facilitate this last step the duct should
be freed slightly from the connective tissue and closed
with a clip or a ligature, as near the mouth as possible.

Then the chorda should be stimulated, so as to distend
13%
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the duct with saliva, and a small slip of wood or card
passed under it, to act as a support. Now, if one edge
of the duct, over the support, is seized by an assistant
with a pair of fine forceps, while the operator seizes the
opposite edge, and the duct is snipped between the two
with a pair of sharp-pointed scissors, the canula can be
readily inserted.

The seeretion of submaxillary saliva is areflex act, for
which the lingual and glosso-pharyngeal nerves (to-
gether with certain other nerves), serve as the afferent
fibres, the centre lies in the medulla, while the efferent
secretory fibres, together with vaso dilator fibres, pass
through the chorda tympani nerve. Drugs may, there-
fore, cause an increased salivary secretion through
stimulation of any of these three divisions of the reflex
circle, while the majority of instances in which the
secretion is diminished will be found to depend upon
paralysis of the chorda tympani.

Thus, when it is found that the injection of a drug
into the venous system causes a diminution of the salivary
secretion, determined by allowing the saliva to flow from
the submaxillary duct into a graduated vessel, 1t will be
ordinarily found (as in the case of atropia) that the
stimulation of the chorda fails to produce a flow of
saliva ; should, however, it be followed by the ordinary
result, increased flow and inereased vascularity of the
gland, it may then be assumed that the paralysis lies in
the centre or afferent nerves.  When the paralysis has
been located in the chorda tympani, the results of the
antagonistic action of some known stimulus of this nerve,
such as pilocarpine, should then be tested by injecting a
few milligrammes into the carotid artery of thesame side,
or directly into the duct of the gland.

In most instances it will be found that the paralysis of
the chorda can be removed by pilocarpine, and toxic
stimulation of the chorda, by atropine. ]

2. [AcrioN oN THE BILrary SeorerioN.—The action
of drugs which modify the amount of bile discharged trom
the liver may fall under two categories : either action on
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the bile-secreting or the bile expelling mechanisms. It
is probable that these two processes are closely united,
though many instances might be given of drugs, such as
samboge or magnesium sulphate, which, although power-
ful intestinal stimuli (and we know that it is from the
stimulation of the intestinal mucous membrane with the
acid chyme that the bile is normally discharged), and
therefore probably possessing the power of causing a re-
flex contraction of the gall-bladder and expulsion of bile,
cannot be regarded as stimulants to the secretion of bile.
The determination of the point as to whether a drug 1s
a stimulant of the expelling mechanism is, however, very
much less important than as to whether the substance 1s
a true hepatic stimulant or not; we will accordingly at
present simply give the methods of examining the action
of drugs on the secretory functions of the liver. At
the outset, we might say that drugs which stimulate in-
testional secretion usually depress hepatic seeretion, and
while drugs which produce slight catharsis only slightly
modify the amount of bile secreted, powerful purgation
produces a marked depression. The method of study-
ing the action of drugs on the hepatic secretion, as em-
ployed by Rutherford,! is by means of temporary biliary
fistulee in eurarized drugs. IHe has found that when
artificial respiration is maintained in curarized dogs, the
secretion of bile remains tolerably uniform during the
first four or five hours after the commencement of the
experiment, but falls slightly as a longer period elapses.
The composition of the bile remains constant.

The dog should receive a full meal of lean meat the
day before the experiment, so as to allow of complete
digestion and absorption before the investigation is un-
dertaken. The animal is then fastened on his back, cur-
arized and artificial respiration maintained, and a glass
canula inserted through an opening in the linea alba into
the common bile-duct, near its entrance into the duo-
denum, aud tied therein., A rubber tube is then attached

' Trans. Roy. SBoc. of Edinburgh, vol. xxix. 1879,
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to the canula, the gall-bladder pressed so as to expel its
contents and fill the tube, and the cystic duct then
clamped: the flow of bile can be estimated by allowing
it to drop from the rubber tube into a graduated vessel.
The wound in the abdomen must be closed, and the
animal covered with cotton-wool to prevent loss of tem-
perature. After estimating the rapidity of flow for half
an hour or longer, the drug can then be injected into the
duodenum, by a syringe with a needle point. It should
be mentioned that the bile always flows much more
rapidly in the first few minutes of an experiment.]

Wherever the direct contact of the poison with a
mucous membrane is found to produce a catarrhal increase
of secretion, or when, under similar ecircumstances, ana-
tomical alterations can be made out in the glands of the
mucous membranes, the results may always be attributed
to direct actions onthe tissues.

3. ACTION ON THE RENAL SECRETION.—Functional dis-
turbaunces of the kidneys are during life only capable of
being studied through the character of the secretion, which
may, through the action of poisons, be increased, dimin-
ished, or altered in character. These alterations may con-
sist either in the admixture of the poison itself orinthe pres-
ence, induced by the poisoning, of abnormal ingredients,
such as blood-corpusecles, haemoglobin, albumen, bile mat-
ters, sugar, lactic acid, leucin, tyrosin, or finally in mere
alterations in the quantitative composition of the urine re-
sulting from modified tissue changes induced by the poison.
The kidneys themselves are not always actively concerned
in the production of these alterations in the urine. It may,
however, be assumed that the kidneys are concerned in di-
minution or abnormal quantity of urine, which, however,
can also be a result of toxic alterations in blood-pressure,
when blood-corpuscles or hsemoglobin appear in the urine ;
in such cases there exists a toxic inflammation of the kid-
ney parenchyma which is capable of post-mortem demon-
stration. On the other hand, it appears that toxic alter-
ations of kidney structure, such as are often met with in
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fatty degeneration, may exist without rendering their
presence at all evident by any alterations in the urine.
Such appearances often produce definite effects on the
entire organism. The excretion of the poison in the
urine can, as already remarked, lead to the entire re-
moval of the poison from the body, and can even render
a poison absolutely innocuous. On the other hand, 1t 18
conceivable that the occurrence, during the poisoning, of
a disordered functional activity of the kidney, may sud-
denly increase the proportion of poison in the blood, and
thus lead to intensified, or new symptoms of poisoning ; 16
is consequently @ priori probable that a similar train of
symptoms would follow the administration of the drug to
a system in which the kidneys were already similarly
affected. 'The presence of the poison in the urine may
lead to inflammation of the bladder and ureters in the
same way that the inflammation of the kidneys may be
produced by the passage of the poison through the kid-
neys into the urine.

Anuria and polyuria, when of extended duration, may
produce pathological effects upon the system ;. ursemia and
retention of water in the first case, severe thirst in the
other. The presence of abnormal constituents in the
urine 18 only of any general moment when they consist
of unoxidized substances, such as sugar and albumen,
and therefore entail a loss of nutritious principles.

[The secretion of urine may be increased by all causes
which produce an increased blood-pressure in the renal
glomeruli: hence drugs may act as diuretics whieh in-
crease the force or frequency of the heart’s beat, which
cause contractions of bloodvessels supplying other organs
(as the skin), or which cause relaxation of the renal
arteries. Thus, profuse renal secretion may be caused by
section or paralysis of the renal nerves, from the increased
pressure in the glomeruli consequent on the relaxation of
the renal arteries; while, conversely, diminished secre-
tion may follow stimulation of the renal or splanchnic
nerves. All drugs, therefore, which produce increased
arterial tension will not act as diuretics unless they at
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the same time cause relaxation of the renal arteries; thus,

when strychnia is injected into the cireulation it causes

diminution of seeretion from constriction of all the arte-

rioles, so acting like stimulation of the medulla; but

when the splanchnics or renal nerves are first divided,

Lnjections of strychnia then produce increased urinary
ow.

In addition, however, to the modifications of renal
secretion due to alterations in blood-pressure, drugs may
al‘-l:ct as diuretics by directly stimulating the renal epithe-
um.

The rate of urinary secretion may be estimated by
opening the abdomen and inserting canula into the ure-
ters ; the canule are then attached to rubber tubes by
which the secretion is conducted externally into graduated
glass vessels.

To introduce canulae into the ureters, their lower por-
tion, just before their entrance into the bladder, should
be selected. The abdomen may be opened, after emp-
tying the bladder and rectum, by an incision on each
side of the recti abdominis muscles or directly opposite
the sacro-iliac symphysis, and should be long enough to
admit two fingers: when the last of the above-mentioned
incisions is employed, the ureters can readily be recog-
nized by the touch at the points where they cross the
iliac arteries. Instead of the ordinary straight canulee,
it is better to employ glass or metal canule bent at a
richt angle, the long arm having a length sufficient to
extend through the abdominal wound after the short arm
has been inserted and bound fast into the ureter; by
this means kinking of the tube is prevented.

To study the changes in the renal circulation produced
by poisons, either the method employed by Ludwig and
Mosso may be used, or the oncograph devised by Dr.
Roy.

T'o maintain artificial circulation through the kidney
according to Ludwig’s method, the carotid artery of a
dog is opened and as much blood as possible collected and
defibrinated. The abdomen is then opened and a canula
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inserted into the renal artery and another into the renal
vein, the vessels being first compressed with clips so as
to prevent the entrance of air. The kidney is then ex-
cised with the greatest possible care and placed in the
warm chamber, the arterial canula being connected with
the flask containing the defibrinated blood, under definite
pressure, and the rapidity of blood-flow from the renal
vein estimated. The substance being experimented with
is then added to the arterial blood, and comparisons of
this rate of flow made. This method as employed by
Mosso! also permits the estimation of changes in volume
of the organ from varying blood-supply ; but since the
plan pursued by Dr. Roy enables similar studies to be
made on the kidney while still in connection with the
natural blood-supply, it is to be preferred as less liable
to error. Dr. Roy? has found that the degree of expan-
sion of the bloodvessels of the kidney furnishes an ex-
tremely reliable idex as to the secretory processes going
on in the organ. His method consists in inclosing the
kidney, after its exposure through an incision in the lum-
bar region, in a rigid metal box, of appropriate shape,
containing oil, and of such a construction that while no
hindrance is offered to the entrance or exit of blood by
the renal arteries or veins, any change in the volume of
the organ causes a rise or fall, corresponding in extent,
of a recording lever writing upon the moving paper of
the kymographion. The number of drops of urine which
fall from a canula tied into the ureter can also be re-
corded on the same paper, by allowing each drop as it
falls to close an electric current flowing through the
bobbing of an electro-magnetic signal. In all such ex-
periments, the blood-pressure must be also recorded, other-
wise serious errors may be made in drawing conclusions
as to the nature of various changes in the volume of the
organ. For recording changes in the volume of the kid-
ney, two separate instruments are employed, the one in-

1 Ludwig’s Arbeiten, 1874,
¢ Journ. of Phys., Jan. 1828,
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closing the organ and the other for recording graphically
the changes in its volume. 'The form of hox which Dr. Roy
employed in his investigations on the spleen! is equall
suitable for studies of changes in volume of the kidney.
It consists of an elongated sheet-metal box, composed of
two symmetrical halves which are joined together by
a couple of hinges. Kach of these halves is composed
of an outer and inner shell, the latter of which fits
accurately into the former, and the two are capable
of being firmly screwed to one another by means of
secrews on the upper and lower rounded edges of the
box. Between the two shells is clamped the edge of a
thin flexible membrane prepared from the peritoneum
of the calf. The membrane is so arranged as to form an
air-tight chamber which is bounded on the one side by
the flaccid membrane, and on the other by the metal wall
of the box. In edch of the two chambers thus produced,
there are two openings, one pair of which is connected
with a T-tube, and thereby with the recording apparatus ;
the other two openings are fitted with small taps, and
are simply intended to allow the air to escape, when the
chambers are filled with oil after the kidney has been
introduced into the box. At the point of junction of
the two halves of the box on the side opposite to the
hinges is a narrow slit formed by an indent in the edges
of the two halves, which slit is intended to permit of the
passage of the renal vessels and ureter. The recording
instrument communicates with the interior of the two
chambers of the box ; its principle is similar to that of
Dr. Roy’s instrument already described for studying the
work done by the heart.

In order to make the experiment, the animal is anzes-
thetized, a canula inserted into the carotid artery for
blood-pressure observation, and one into the jugular
vein for the injection of the poison. The kidney 1s then
exposed by an incision in the lumbar region, and gently
inserted into the box which should have been previously

1 Journ. of Physiol., Jan. 18582.
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warmed to the body temperature, and the two chambers
of the box, and the tube connecting the box with the re-
cording instrument filled with warm olive oil.]

4. AcrioN oN THE SWEAT GLANDS.—I¢t is here worthy
of notice, that many drugs may either produce an abnormal
sweat secretion, may reduce the normal amount, or may
themselves, or their products, pass infto the excretion.

[Che secretory activity of the sweat glands, like other
secretory processes, is largely dependent upon the
amount of blood supplied to the organ; hence drugs
which produce vaso-motor paralysis of the skin, will
tend to produce an iucreased secretion of sweat, and
conversely, a diminished blood supply to the sweat
glands will reduce their secretions. The comparatively
recent experiments, however, of Goltz, Luchsinger, Nau-
roci, Vulpian, and others, show that there are special
nervous mechanisms governing the secretion of sweat as
complete as had been previously discovered in the case
of the salivary glands. When the peripheral end of a
divided sciatic nerve in a dog or cat is stimulated with an
interrupted current, a profuse sweat is poured out on the
ball of the foot. While this secretion, as in the case of
the saliva which follows stimulation of the chorda tym-
pani, is to a certain extent governed by the vaso-motor
paralysis thereby produced, it is not entirely dependent
upon it, as the same results will follow after clamping
the aorta, or even in an amputated limb; while the
analogy with the salivury secretion is made still more
complete by the fact that atropia will paralyze the secre-
tory fibres of the sciatie, leaving the vaso-motor fibres
intact. Then, again, it has been found that there exist
special centres in the spinal cord through whose stimu-
lation a reflex secretion of sweat can be produced. Thus,
if the central end of a divided sciatic is stimulated, all
the limbs, with the exception of the one in which the
nerve has been divided, will perspire ; or, if after division
of one sciatic the animal is exposed to a high tempera-
ture, the sweat will appear in all portions of the body

with the exception of the paralyzed limb. The sweat
14
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centres .are also excited by carbonic acid in the blood ;
therefore, drugs which cause dyspneea will tend to in-
crease the secretion of sweat. |

Drugs may increase the secretion of sweat either by
peripheral stimulation of the secretory nerves, or hy
direct action on the nerve centres ; as yet, we are unable
to speak of action on the centripetal nerves. If a poison,
when injected into the circulation, produces sweating in
all the limbg of an animal in whom one sciatic nerve has
been divided, it may be assumed that the action is a
peripheral one ; if, however, the foot on the side in which
the sciatic was cut remains dry, it will be probable that
the drug directly stimulates the sweat centres.

The antagonism of drugs may also be treated ; thus,
atropia will check the secretion started up by pilocar-
pine.]

5. LacHrYMAL GLANDS.—Increased secretion of tears,
apart from any direct irritant action on the conjunctiva
or nasal mucous membrane (reflex irritation), is to be
expected from those poisons which paralyze the vaso-motor
nerves, and can be established by direct inspection.

[We are not yet familiar enough with the nervous
mechanism governing this secretion to attempt to explain
the modus operandi of drugs.]

6. Lacrear Granps.—Very little is known as to the in-
fluence of drugs in increasing or diminishing the secretion
of milk, while it is well known that many poisons are
excreted in the milk, and, therefore, give their toxie

properties to this secretion.

. b. Nox SecrETORY GLANDS.—To this group belong
the spleen, and, with the exclusion of its bile-making
fuction, also the liver. As regards toxic action on the
other glands of this group, that is, the supra-renal cap-
sules, thymus and thyroid, nothing is known ; while as re-
gards the lymphatic glands, the most that can be said 1s
that when situated in the neighborhood of tissues in a
state of inflammation from the action of drugs, they also

will become inflamed.
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The manifold, but still obscure, connections of the
liver with the processes of nutrition would indicate its
probably frequent implication in the causation of the dis-
orders produced by poisons, but still all such disturbances,
as for example, fatty degeneration, with the single excep-
tion of those exhibited in the character of the biliary
secretion, are only to be detected after death.

Studies as to the possible effects of the drug on the
alycogen, or possibly the sugar, of the liver, should be
made immediately after death. The liver must be thrown
instantly after death, after chopping up rapidly into a
few pieces, into a large quantity of boiling water, pre-
pared beforehand, and it can then, while in the water, be
either chopped into fine pieces or rubbed up into a pulp;
it is then to be faintly acidulated and filtered, and the
filtrate precipitated with 1odide of mercury and potassium
solution and hydrochloric aecid,! and after removal of
the precipitate, the glycogen precipitated with alcohol.
The sugar can also be determined in the first filtrate by
Trommer’s test.

[Changes in the circulation of the spleen may be
studied by Roy’s method. (See Kidney.) The method
deseribed for determining the character of the eireulation
i_n tlm]ease of the excised kidney is also applicable to the
Iver.

Seorron V.—Alterations in Tissue Metabolism,

All poisons which disturb the normal digestive pro
cesses, produce, when the condition of poisoning is long
continued, changes in nutrition analogous to those occur-
ring in prolonged fasting or with insufficient food ; that
18, loss of weight, absorption of adipose tissue, paleness
of the skin and mucous membranes, loss of strength, and
In severe cases, death; in growing organisms, growth

! Briicke, Weiner Acad. Sitzgsber. Math. Natarw. Cl. 2. Abth.
Ixiii. 1871, Feb. 3.
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ceases ; the generative function is suspended, and in the
pregnant condition abortion may occur. Similar results
in the nutritive functions may also be caused in cases of
chronie poisoning without any clear disturbance of diges-
tion being detectable.

In addition to these general disturbances, single nutri-
tive functions may be interfered with as a consequence
of the action of poisons; from the uncertainty sur-
rounding our knowledge of the physiology of nutrition,
many of these cannot be explained, and we will here only
allude to the best known.

1. ENERGY OF THE ANIMAL OXID1ZING PROCESSES.—
The energy of the oxidizing processes occurring in the ani-
mal economy is estimated either by measuring the quantity
of oxygen consumed or of the two principal products of
oxidation, carbonic acid and urea. For the estimation
of these gases the methods have already been given,
while urea may be estimated by Liebig’s method of titra-
tion ; on account of unavoidable errors, however, con-
nected with this method, it is better to estimate the total
quantity of nitrogen in the urine and feces.!

An increase of oxidation processes, as oceurs in fever,
may, also, very probably, occur in toxic fevers. On the
other hand, certain substances, such as arsenic, can
diminish the excretion of the products of oxidation ; for
none of these can any clear explanation be given.

As general effects of toxic changes in these processes
of oxidation we may have, when increased, elevation of
temperature, rapid emaciation, and loss of strength ;
when decreased, reduction of temperature, deposit of fat
and excretion of sugar in the urine. The increase of
temperature in the cases of toxic fever may, as in ordi-
nary fever, depend upon other causes than increased oxi-
dation. On the other hand, the deposit of fat and the
excretion of sugar is not constantly associated with di-
minished oxidation, but may depend upon other causes.

1 Segen, Zeit. f. Analyt. Chemie, 1364, p. 155.
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2. Derostr oF Far v 1HE Bopy.—Chronic poisoning
with many substances causes an increase in the normal
amounts of adipose tissue in the body (in the subcutane-
ous tissue, peritoneum and pericardium), and, in addi-
tion, fatty degeneration of various orgaus, especially the
muscles and certain glands, such as the liver and kidneys;
the latter can also undergo acute fatty degeneration from
the action of certain poisons when continued only for a
few days, or even according to some authors, for a few
hours. Deposit of fat, with the exception of increased
panniculus adiposus; can only be recognized after death.
The cause of such changes is entirely unknown, and
probably varies in different cases; diminution of the
general oxidation processes and inflammatory irritation
of the fatty parenchyma have been advanced as possible
grounds, but no sufficient proof of their causative action
has been given. General muscular weakness will follow
fatty degeneration of the muscles, and when oceurring in
the heart the pulse will be weakened and life endangered
not only in this way, but also by the possibility of rup-
ture of the heart.

3. DIABETES.—A number of poisons cause the exere-
tion of sugar in the urine, a condition which can be easily
recognized by Trommer’s test. HEither an increased
sugar formation in the liver, or a decreased consumption
of sugar in the system will cause diabetes. As the
latter state of affairs implies diminished oxidation, the
presence of diabetes is a symptom of this derancement
of the general nutritive functions, and may he caused by
any poison which interferes with respiration, or even,
though in both cases inconstantly, by mechanical ob-
struction to respiration.! One of the most remarkable
forms of toxic diabetes, that which oceurs in curare
poisoning, cannot be explained in either of these ways,
since curare does not cause an inecrease either of gly-
cogen or sugar in the liver, nor can any reason be given
why artificial respiration, or muscular contractions pro-

1 See literature of this subject in Arch, f. Path. Anat., xlii. 1,
14%
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duced by direet stimulation should in curare poisoning
interfere with the destruction of sugar.! From the
physiological point of view, the results of Pavy, Tscher-
inoff, Dock, and others have necessitated a modification
of the usual explanation of diabetes, so as to render the
view probable in toxic diabetes, that there is either some
change produced in the functions of the liver, whereby
the change of sugar into glycogen is prevented, or by
which the glycogen in the liver and also in the muscles
18 turned into sugar. It is, morcover, conceivable that
toxic diabetes may be due to some “process without any
physiological analogue, whereby sugar is formed from
some other sources than those recognized as physiolo-
gical. For example, such a result might exist as a
gpecial action on certain tissues, either directly produced
or indirectly through circulatory or respiratory changes.
Indeed, it is not improbable that poisons which cause
vascular paralysis may produce diabetes by modifying
the blood supply of the liver.

When, therefore, it has been established that a certain
drug causes diabetes, the animal must be allowed to fast
for several days, so as to free the liver from its store of
glycogen, and the poison then given; if in such a case
diabetes still 18 found, it may be concluded that it was
not entirely due to the modifications of the glycogen of
the liver. Then it must, also, in all cases, be established
whether the poison par al.}r;es the vascular system.

A thorough study with prospect of positive results
will in many cases be impossible.

Secrron VI.—Alterations in the Reproductive
Functions,

The general sexual functions, the sceretion of sper-
matﬂzna in the male, and wuhtmn and menstruation in
the female, are so intimately connected with the general

I Winogradoff, Avch, f. Path. Anat., xxvii. 533,
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nutritive condition of the system, that no profound or
long-continued departures from normal nutritive activ_ity
can be caused without being reflected on the generative
functions. In addition to this, many drugs act directly
on the sexual apparatus, either increasing or depressing
its activity. As yet experimental pharmacology has only
dealt with the action of drugs on uterine contractions.

Poisons which cause contraction of the uterus may,
during pregnancy, induce abortion, and during labor ac-
celerate delivery. Abortion, following the administra-
tion of a drug, cannot invariably be referred to the
direct toxic induction of uterine contractions, since the
nutritive changes alluded to above may also induce abor-
tion ** from weakness,” or abortion may result from the
death of the feetus through absorption ot the poison from
the maternal system.

In the case of every poison which induces uterine
contractions (a condition which can be best studied by
opening the abdomen in young noun-pregnant rabbits, in
which the uterus is normally motionless), it must be
determined whether the poison acts directly or reflexly
on the motor apparatus, and in the former case, whether
the uterine muscles, nerves, or centres are stimulated ;
and as the uterus contains several centres, with which
one the action 1s concerned: and, finally, whether the
uterine centres are directly stimulated by the poison or
reflexly through increased venosity of the blood. An
analogous series of inquiries will arise in the case of
drugs paralyzing the uterus, a condition which offers
even less hope of thorough elucidation than in the case
of  uterine stimulants. '

[It is generally admitted that toxic uterine contrac-
tions are, in the majority of cases, due to contractions of
the arterioles, éither supplying the uterus or the brain ;
hence the uterine and cerebral and spinal nervous mecha-
nisms are only indirectly stimulated by the drugs, the
eftects being primarily due to changes in blood-supply.
When contractions fail after section of the cord after the
administration of a poison which otherwise is capable of
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indueing uterine contraction, it may be assumed that they
were produced by circulatory changes in the brain.]

The action of drugs on the development of the ege has
not been studied, though it is known that poisons, in the
case of birds, may pass into the ovum while still within
the ovary; or into the developing egg or embryo, by
means of the placenta, while within the cavity of the
uterus.

SecrioN VII.—Alterations in Temperature,

The alterations of body temperature, frequently pro-
duced by poisons, may depend npon either a medification
of heat-production or of heat-loss; in both cases the
normal regulating processes must be interfered with.
Inereased loss of heat may oecur when the cutaneous
bloodvessels are paralyzed, or diminished loss of heat
when contracted ; in nearly all other cases it will be
found that the heat-producing functions are at fault.
The muscles are the organs mainly concerned in heat-
production ; 8o when a poison causes convulsions the
temperature will usually be raised by increased heat-
produetion, and muscular paralysis will lead to lessened
heat-production, with the appropriate changes in the body
temperature ; unless the losses of heat also suffer some
disturbance which can nullify these results, and maintain
a normal standard.

[ For methods of making calorimetric studies, see San-
derson’s Hand Book to the Physiological Laboratory, or
Prof. H. C. Wood’s Memoir on Fever. ]

Seerron VIII.—Action on the Muscles.

Paralysis and abnormal muscular contractions are
often produced by the action of poisons ; whether these
depend upon direct action on the muscle, or through the
medium of the nervous system, can readily be determined
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by simple experiments. In paralysis it is only neces-
sary to stimulate the muscles directly, and if contraction
occurs, the trouble is proved to be in the nervous sys-
tem ; inconvulsions a positive result may be obtained by
section of the nerve of any selected group of muscles ;
for if the convulsions persist, they must be due to some
cause acting either directly on the muscular fibres or on
the intra-muscular nerve endings. In order to discrimi-
nate between these two possibilities, the animal must be
poisoned with curare, which paralyzes the intra-muscu

lar nerve fibres (of course in such cases in warm-blooded
animals artificial respiration must be maintained), before
the administration of the drug under study ; if, under
such circumstances, the convulsions do not appear, it
may be confidently concluded that the intra-muscular
nerve fibres were the seat of the stimulation, while their
appearance would indicate action on the muscular fibre.:
Indeed, as will be shown presently, it can often be de-
termined from the general character of the convulsions
whether they are of central or peripheral origin, and in
cold-blooded animals the methods of exclusion mentioned
on page 32 may be employed. In warm-blooded ami-
mals, a poison which produces its results through direct
action on the muscles or peripheral nervous system,
whether stimulant or depressing, will first produce its
characteristic action after hypodermic injection in the
parts with which the poison comes in contact, so showing
its peripheral mode of action. More extended experi-
ments as to the changes in irritability of muscles, as well
as alterations in energy and time of contraction, are best
made on the excised frog’s muscle, in the manner de-
scribed on page 31.

In many cases poisons will cause alterations in the
normal positions of the limbs, from paralysis or spasm
of individual muscles.

Under this heading may also be considered the action
of drugs on the pupil.

1. AcrroN oN THE Puprn.—[The size of the pupil de-
pends upon the degree of contraction of the two antago-
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nistic muscular systems of the iris, the circular constrie-
tor fibres, supplied by the oculo-motor nerve, and the
radiating dilator fibres, supplied by nerves derived from
the sympathetic system. Both sets of nerves are nor-
mally in a state of constant excitation, since if the oculo-
motor 1s divided or paralyzedthe pupil dilates, and if the
sympathetic is divided in the neck, or its terminal fibres
paralyzed, the pupil contracts. In addition to changes
in the size of the pupil dependent upon direct irritation or
paralysis of these nerves, the pupil may be contracted,
(1) reflexly through the oculo-motor nerve by stimuli
applied to the optic nerve, which thus acts as the affer-
ent nerve; (2) when the eye is accommodated for near
vision ; (3) when the eyeballs are rotated inwards. The
pupils are dilated, (1) during dyspneea through irritation
of the cilio-spinal centre, the irritation being transmitted
through the sympathetic nerve to the dilator fibres of the
iris ; this dilatation ceases when the dyspnoea passes into
asphyxia, and does not occur after division of the cervi-
cal sympathetics ; its production in this manner by drugs
can be therefore readily excluded ; (2) during powerful
irritation of sensory nerves; and (3) during violent
muscular movements.

In addition, still, to these central mechanisms, there
appears to be present in the eye itself some apparatus
by which dilatation or contraction may be produced:
for when the third nerve is divided, and the pupil dilated
under the full influence of the sympathetic nerve, the
instillation of atropia still further dilates the pupil ; and
when physostigmine, under the same circumstances, is 1u-
troduced into the eye or system, the pupil is contracted.
It is probable, therefore, that the dilator and constrictor
nerves of the iris produce changes in the size of the
pupil by the transmission of stimuli to some local appar-
atus seated in the eye itself.

To determine the character of the action of drugs on the
pupil, the effects of both local appl@catinn_m_ml yenous in-
jection should be studied : the positive decision, however,
as to the precise means by which the toxic mydriasis or
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myosis, as the case may be, is produced, is a matter of the
greatest difficulty, the modus operandi of even such well-
known drugs as atropia and eserine being still a matter
of controversy. At the outset, reflex causes of change
in the pupil, such as are produced by dyspncea. etc.,
must be excluded.  The question will then arise as to
whether dilatation is due to paralysis of the oculo-mo-
tor or excitation of the sympathetic, or both, or whether
the action is purely local on the eye. Constriction of
the pupil will of course be due to the opposite condi-
tions,

Let us first assume that we are dealing with a drug
which produces dilatation of the pupil: the first point
then to determine is whether the sphincter muscle of the
iris still preserves its capability of contraction. This
may be determined by the method employed by Bern-
stein and Dogiel ;! four wires are connected with the
poles of the secondary coil of an induetion apparatus and
their free ends (arranged in the form of a square, simi-
lar poles oceupying diagonal corners) placed on the
inner edge of the iris. By this means the circular fibres
of the iris will be stimulated, and if they retain.their
normal functions, the pupil will contract. If no change
oceurs in the size of the pupil when this experiment 1s
properly performed, it may be assumed that the drug
produces dilatation of the pupil by paralysis of the sphine-
ter muscle, and no other experiments need be made ; in
the great majority of cases, however, the “pupil will still
contract, and 1t 1s then necessary to determine whether
the dilatation is due to paralysis of the oculo-motor
nerve, or spasm of the dilator muscle.

In order fo test the irritability of the oculo-motor
nerve, it is necessary to open the cranial cavity and re-
move the cerebral hemispheres.

To make this experiment, the drug is first instilled into
the conjunctival sac in a dog or rabbit, and the change

! Verhandl. d. nat. Med. Vereins zu Heidelberg, iv. 28, Her-
mann.



168 _ GENERAL ACTION OF POISONS.

in size of the pupil noted in millimeters. Tracheotomy
13 then performed, artificial respiration maintained, and
both carotids ligated in the neck ; the next step is to
remove the vault of the cranium with bone forceps and
to elevate the cerebral lobes with a spatula ; after divi-
sion of the olfactory and optic nerves, the oculo-motor
nerves may be found on the sella turcica. The caver-
nous sinus must be carefully avoided: bleeding from
the posterior cerebral arteries may be controlled by
slight pressure with a moist sponge. The oculo-motor
nerve on the side of the eye in which the poison was
instilled, is then to be divided as near the brain as possi-
ble and the peripheral end placed on the electrodes of an
induetion coil and stimulated ; if no contraction of the
pupil is produced thereby, it may be concluded that the
terminal fibres of the nerve supplying the constrictor
muscle of the iris are paralyzed. (For convenience of
measurement of the size of the pupil, it is advisable to
slit up the external commissure and draw down the lower
eyelid by a weighted thread passed through it and the
nictitating membrane.)

Should the pupil contract on stimulation, it remains
then to be seen whether the dilatation is due to stimu-
lant action on the dilator apparatus; and even when
stimulation fails to narrow the pupil, it is well to see
whether there is an associated spasm of the radiating
fibres of the iris. This may be determined, as suggested
by Bernstein and Dogiel, by placing the two electrodes
of the induction apparatus on the side of the cornea; 1if
the pupil dilates still further, the integrity of the radiat-
ing muscles is proved, while the functional condition of
their nerve supply is tested by stimulation of the cer-
vical sympathetic. i

The above experiments would serve to give a some-
what decisive answer to the question as to the modus
operandi of mydriatics were it not known that many
drugs, such as atropia, are capable of producing dilata-
tion of the pupil in the excised eye of the frog, where ol
course, there can be no question as to paralysis of the
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oculo-motor nerve endings which have been already sepa-
rated from their nerve centre; and even after division
of the oculo-motor nerve (for methods see Cyon Methodik,
p. 510, or Bernard, Physiologie Exp. de la Sys. Nerv.)
atropia is capable of still further dilating the pupil. In
view of such facts it is necessary to assume the existence
of peripheral ganglia in the iris iwself, where indeed
nerve-cells have been found in abundance.

In the case of drugs which produce contraction of the
pupil (myosis), the probability will lie in favor of a
spasm of the sphincter muscle when there is also found
by the ophthalmoscope to be spasm of the muscles of
accommodation. Additional evidence will be added to
this view when the drug produces a higher degree of
contraction than follows section of the sympathetic, when
atropia 1s capable of overcoming the myosis produced
by the drug, and when irritation of the sympathetic, in
an eye so treated, is capable of still further dilating the

pupil. ]

Secrron IX.— Action on the Nervous System,

In previous chapters reference has already been
made to several derangewments of the nervous system
produced by the action of poisons, but- it still seems
advisable to again group them under their appropriate
heading.

A. AcrioN oN THE Oreéaxs oF Coxpucrron.—Toxic
action on the nerve trunks occurs much more seldom
than on the nerve terminations. This may probably be
due to the limited supply of blood which these portions
of the nervous system normally receive, since they are
equally sensitive to direct action with solutions of the
poison (see p. 50).

In the case of many poisons which act primarily on

the nerve-endings, particularly in vascular organs such
15
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as the muscles, the functional disturbance gradually
spreads up the trunk of the nerve.

The functional disturbances produced in the organs
of conduction by the action of poisons, may he of two
kinds : first, modifications in the normal nervous stimuli ;
gecond, in abnormal stimuli. The first of these condi-
tions may be manifested in diminution or abolition of
irritability (loss of the power of conducting impressions),
or in exaltation of irritability or in abnormal persistence
of excitation. Loss of the power of conduction in nerve
trunks is disclosed by the absence of the usunal result
of stimulation, as, for example, the non-appearance of
vascular contraction after normal, central, or artificial
stimulation of a motor nerve, and in the case of sensory
nerves, in abolition of sensibility in the surfaces on which
these nerves are distributed.

[It should be noted that while but few drugs com-
pletely destroy the power in nerves of conducting im-
pressions, many poisons will depress the irritability of
nerves below normal. When, therefore, it is found that
after death both the muscles and nerves are capable of
responding to stimulation, it should then be tested
whether there has been any alteration in the degree of
irritability. To accomplish this, the vessel in one hind
leg of a frog is ligated, and the poison injected under
the skin of the back. When the effects of the poison
are clearly marked, the sciatics are laid bare, and the
strength of current which is necessary to produce con-
traction determined for each limb : the irritability of the
poisoned and non-poisoned sciatics can be thus com-
pared. ] $ _ _

Increase (accumulation) of the irritant action during
its conduction along the nerve, has never been observed
as a result of toxic action; but, on the other hand, ab-
normal persistence of stimulation, such as the Pruduﬂtiﬂn
of tetanus or prolonged muscular contraction, as a
result of a single stimulus, has been described in numer-
ous instances. Abnormal irritations evoke convulsive
muscular contractions where the motor nerves are con-
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cerned, and painful or abnormal semsations, or subjec-
tive sensations for the nerves of special sense, when the
stimulus affects a sensory nerve. s

The first point to be determined in the study of toxic
effects of the above nature (convulsions, paralysis, etc.),
is whether they are due to alterations in the organs of
condnetion. In the case of paralysis, this is readily
determined by separate stimulation of nerve and muscle.
If the latter (direct stimulation) produces a muscular
contraction, while indirect stimulation does not, it may
be concluded that there is some interruption in the con-
duetivity of the nerve, and if the stimulus remains in-
effective, even when applied to the nerve immediately
before its entrance into the muscles, it would indicate
that the loss of function lies in the intra-muscular portions.
To decide in such a case whether the remainder of the
nerve is implicated, the muscle may be excluded from
the poisoned circulation in the manner deseribed on page
32, or galvanic stimuli employed. 1f convulsions are
produced, their nature will give some general idea as to
their origin. Convulsions of central origin throw the
entire muscle, and usually entire groups of muscles, into
co-ordinated contractions ; on the other hand, convulsions
originating in the nerves, or in their intra-muscualar
endings, usually implicate different muscular fibres at
different times, and with different degrees of vigor, pro-
ducing the so-called ¢ fibrillar contractions,”

[ Even fibrillar contractions, however, way be of cen-
tral origin, since Von Anrep has found that after injec-
tions of nicotine they occur in limbs protected from
local action of the poison by ligation of their blood-
vessels. |

Above all, however, it should be remarked that such
confractions persist after separation of the nerves from
the central. organs, a procedure which will interrupt or
prevent the appearance of convulsions of central origin,
Finally, convulsions due to action on the organs of con-
duction do not appear in limbs which have been protected
from access of the poison by ligation of their blood-
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vessels, while convulsions of central origin affect equally
all members, whether connected with the cireulation or
not, provided only that the nerves remain intact. [Con-
vulsions of cerebral origin disappear after removal of
the medulla, while convulsions of spinal origin persist. ]

B. Acrion oN THE PErrpHERAL NERVE ENDINGS.—
Sufficient has already been said on page 50, as to the
action of poisons on the peripheral terminal fibres of
motor nerves; at present we. are only concerned with
the peripheral endings of centripetal nerves. These
organs are liable to toxic action whenever a poison,
either by direct contact or by means of the circulation,
is brought to the organs in which they are sitnated.
The toxic influence may be manifested either by execita-
tion or paralysis, or oceasionally the latter condition
may, as a result of the same drug, follow a condition of
increased irritability. 'The consequences of stimulation
of the sensory nerves may be evidenced either by various
abnormal sensations (subjective sensations for the nerves
of special sense), or in modification of reflexes, such as
secretion of tears, saliva, or in vomiting. Paralysis of
these organs is followed by insensibility and loss of
reflexes.

Such disturbances of function ean be readily localized
in either the central or peripheral nervous system.
Symptoms of irritation which disappear on section of the
nerve as near the periphery as possible, and symptoms
of paralysis which are not evident when the stimulus is
applied directly to the nerve-trunk, must be due to the
action of the poison on the peripheral nervous apparatus.
But, unfortunately, the only animals on which such de-
cisive experiments can be made are the very animals
which are most unsuitable for the study of the points in
question ; therefore we are practically restricted, as far
as accurate results are concerned, to such evidence of
the state of the conductive sensory function as is found
in the character of the reflexes, and in these experiments
it is almost impossible to distinguish between results due
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to action on the peripheral, conducting, or central sen-
SOTy organs.

The same class of experiments may be made as has
been given for the study of the action of poisons on
the motor nerves. When the action is localized to the
point of application of the poison, or can be excluded
from a limb by ligation of its bloodvessels, or when 1t
appears more markedly and rapidly in an organ in
whose arteries it has been injected, it indicates that the
principal action is on the peripheral organs. If onme
possessed a means of paralyzing the peripheral endings
of centripetal nerves, as curare paralyzes the centrifugal,
all phenomena depending on irritation of these structures
must be absent after the administration of such a poison,
and the symptoms which appear before its administration,
and fail to appear after it, must he due to stimulant
action of the peripheral sensory apparatus; unfortu-
nately, no such drug has yet been discovered.

[ Various methods have been proposed for investi-
gating the condition of the centripetal nerves; all ave,
however, open to objection. Probably the best method
is to ligate the bloodvessels in one limb of a frog, and
then inject the poison into the dorsal lymph-sac; after
the effects of the poison have been developed, compari-
sons can be made between the irritability of the central
ends of the seiatic nerves; that is, whether a stronger
irritant is required on the poisoned than on the unpoison-
ous side to produce reflex movements. The success of
this experiment will depend upon the integrity of the
motor nerves, for, if they are paralyzed, of course no
reflexes can be produced. In such cases one hind limb
of a frog may be partially amputated, leaving only the
sciatic nerve intact, and the poison then injected into
the amputated limb, and the capability of transmitting
impressions tested by comparing the reflexes produced
by stimulation of the skin of each hind foot.

Von Bezold proposed a method of testing the irrita-
bility of sensory nerves, in which the reflex centractions

of a frog, feebly under the influence of strychnia, served
16%
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as an index of sensory excitation. This method, as
modified by Pfliiger, consists in the following : the blood-
vessels are tied in the lower extremities of a frog, and
these limbs then so severed from the body that their only
connections are the sciatic nerves. These nerves are
then kept constantly moistened, one with a solution of
phosphate of sodium, and the other with a solution of the
drug, both solutions being of the same degree of concen-
tration. Then by irritating the central end of each sci-
atic on the distal side of the solution, a general idea can
be obtained as to the action of the drug on the sensory
nerves. The objection to this method 1s the difficulty in
comparing the osmotic equivalents, under such circum-
stances, of different drugs. In the case of drugs which
have been proven to be inactive on the motor nerves, the
first method is the best, even when the drug is known to
modify the functions of the spinal cord.]

Another question, which also 1s difficult to answer
positively, is whether the results above alluded to are
due to specific action on the nervous apparatus, or to
some action on the tissues in which they are located, as
1t i3 well known that every strong mechanical or chemi-
cal lesion of a tissue acts as an irritant to the nerve-
fibres of that organ. It is only possible, however, to
express an opinion as to this point when the organ is the
seat of gross anatomical changes ; when these are not to
be detected, we must conclude that the drug exerts a
specific action on the nerve endings. But even should
anatomical lesions be found, the possibility of a specific
action on the nervous organ is by no means excluded ; for
these changes, depending upon disturbances of circula-
tion, leading to hyperaemia and inflammation, may them-
selves be the palpable reflex result of action on the
nervous system. A specific action on the nervous system
may be assumed when sensory or reflex phenomena
(pain, vomiting, sneezing) appear without any evident
change, or with only tardy alteration in the tissue on
which the drug is acting. A speecific action can be fur-
ther inferred when a drug produces different results



F ]

ACTION ON THE NERVOUS SYSTEM. 175

when applied to different tissues of the same general
functions, but with different nerve-supply.

(. Acrion oN THE CENTRAL NERVOUS SYSTEM.—
Action under the most manifold forms on the nerve
centres is one of the most frequently observed effects of
poisons. As the action on the nerve centres of the heart
and intestine has been already studied, the present
chapter will be confined to the consideration of toxic
action on the brain and spinal cord.

The separation of the action of poisons on the central
system from that on other organs is usually easily
attained. In a large group of these phenomena, the
sensory, no doubt, can arise; and further, irregularity
in a rhythmical motion can only depend upon action on
a nerve centre, though alterations in the frequency of
rhythm can be caused by action on the eentripetal
regulating nerves, a possibility which 1s readily ex-
cluded by section of those nerves. But in many other
cases, the toxic phenomena are so manifestly of cen-
tral nervous origin that no such control experiment is
necessary. (Co-ordinated contractions, such as the move-
ments of deglutition; paralyses of muscular groups whose
movements are governed by a special nerve centre, such
as the muscles of respiration; painful sensations or anses-
thesia of the entire skin, or of surfaces in no direet com-
munication with the point of absorption of the poison, are
all, with great probability, to be referred to specific ac-
tion on the nerve centres. Still, some limitation of this
statement should be made for the group of motor pheno-
mena, since many of the co-ordinated muscular move-
ments, such as deglutition and vomiting, can also be pro-
duced by toxic stimulation of certain peripheral organs.

The cause of phenomena resulting from exaltation of
function, such as convulsions or sensory phenomena re-
sulting from toxic action, can be localized in the central
apparatus by section of the nerves going to the affected
organs, when of course the disappearance of the symp-
toms would prove their central origin. In certain co-
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ordinated movements, the possible peripheral origin may
be excluded by section of the appropriate nerves. Motor
and sensory paralyses, whose general character fails to
give any indication as to their origin, must be regarded
as central when the peripheral origin has been excluded
by the means mentioned in the preceding chapter.

In all toxic phenomena whose central origin has been
established by these methods, the question arises as to
whether they are due to direct specific action on the cen-
tre, or to indirect action through changes in the blood, or
to local disturbances of circulation in the nerve centres by
action of the drug on the heart or vessels; since any one
of these departures from the normal relations will exert a
profound influence on the nerve centres. Such points may
be readily investigated in the frog; for if the same class
of symptoms appear in the frog as in the warm-blooded
animals they can be safely attributed to specific action
on the nerve centres, since we have found that the fune-
tions of the nervous system are in cold-blooded animals
independent of the state of the circulation. Should,
however, the symptoms of poisoning vary in the two
classes of animals, it cannot be concluded with the same
degree of confidence, though the conclusion will be cor-
rect in many cases, that in the higher animals they are
due to indirect action on the nervous system, since the
results may be attributable to different modes of action
on the different species. The supposition as to indirect
action will be greatly confirmed when it is known that
the drug in question produces alteration in the function
of the heart, respiratory apparatus or blood, it only being
necessary to determine which group of phenomena first
appears. In cerlain cases control experiments may be
made in preventing, or compeunsating for the respiratory
or circulatory action of the poison; for example, changes
in the respiratory gases of the blood may be prevented
by artificial respiration ; contraction of the bloodvessels,
by large doses of curave. If, after experiments of this
nature, the same symptoms do not result, it may be
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positively concluded that they are due to an indirect
nervous action only.

1. INTERFERENCE WITH THE AvroMaric FuNe-
prong.—The automatie functions of the medulla oblon-
cata, especially the innervation of the respiratory move-
ments, the regulation of the heart, vaso-motor tonus and
pupil mechanism, are extremely often disturbed by the
action of poisons. Many poisons act on all these func-
tions simultaneously, therefore associating them in some-
what the same functional analogy in so far as they are
all brought into a condition of excitation by the venosity
of the blood in dyspneea. Poisons may either exagger-
ate or annul these functions, or modify the fregquency of
the rhythmical movements under their control. Very often
two stages occur in poisoning by one drug, first an in-
creased vigor of function and acceleration of rhythm,
then enfeeblement and retardation. The characters and
methods of studying these changes have been already
aiven.

With these alterations of functions are infimately as-
sociated the motor phenomena of irritation produced
directly by the action of the poison, since in the present
status of physiology, the so-called automatic central
stimulations are rezarded as conditions in which an irri-
tant acts directly on the nerve centre, and not the con-
duction of an irritant through the centripetal nervous
system. As examples of this form of toxic stimulation
may be mentioned vomiting, when not produced by toxic
action on the peripheral nerve endings, intestinal and
uterine contractions from action on the brain and cord,
and general convulsions from action on the so-called
““ convulsive”’ centre in the medulla ; certain of these
conditions may be produced by a high degree of veno-
sity of the blood, a fact which should be remembered in
forming an opinion as to the cause of the phenomena.

2. RerLEx AND Co-orDINATED Funcrrons.—In the
normal state, the centripetal impressions produce orderly
reflexes, which are capable of being controlled or pre-
vented by automatic inhibitory centres in the brain or
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by the will. Poisons can modify these phenomena in the
following different ways: a. The limitation of the re-
flexes to certain single normally associated motor appa-
ratus can be so suspended that every centripetal impres-
sion throws the entire mass of centrifugal fibres into ex-
citement, thus producing general convulsions; these re-
flex convulsions are ordinarily tetanic in character, and
each part of the body assumes the condition which must
follow from the simultaneous contraction of all the mus-
cles associated with it. Hence, in such states the back
18 hollowed (opisthotonos), the head extended, the jaws
tightly closed (trismus), and the limbs extended. In
weaker degrees of such action, as well as in initial
stages of violent action, the reflexes are only abnormally
increased in strength and in the namber of associated
muscles, so that the character of co-ordinated movements
is lost. These convulsions differ from those deseribed in
the preceding chapter, in that they can only be inaugu-
rated by centripetal impressions, for which, however, the
lichtest touch or jar will often suffice.

The removal of all forms of external stimuli can only
be accomplished, with any degree of certainty, in the
case of frogs, by placing them under a bell-jar on some
immovable support.

b. On the other hand, poisons can weaken or enftirely
prevent the production of reflexes, when the animals lie
absolutely insensible to all forms of stimulation: ordi-
narily this condition follows the state of affairs described
under a.

¢. The reflex inhibitory apparatus ean be brought into
either a condition of increased or diminished functional
activity. This will be considered directly.

{In-m*der to study the action of drugs on the reflex
functions, the method of Tiirckis probably the best : its
prineiple consists in comparative measurements of the
time required before and after poisoning for a given
stimulus applied to the skin to evoke a reflex muscular
contraction in a frog from whom the cerebral hem-
spheres have been removed.



ACTION ON THE NERVOUS SYSTEM. 179

Inorder to determire the state of the reflex funetions of
the spinal cord, the brain and medulla are separated from
the cord by an incision made through the occipito-atlantal
membrane: this locality may be readily recognized by the
touch as a depression lying in the median line of the
back on a line drawn across the skull at a tangent to the
posterior borders of the membrana tympani. To divide
the cord, the frog is held in the left hand, and the head
strongly flexed on the neck by the left thumb ; an inci-
sion, a few millimetres in length, is then made with a
sharp-pointed knife through the skin and membrane,
care being taken not to extend it too far to the sides,
when, on removing the blood with a sponge, the medulla
will come into view, if the head is kept well flexed, and
may be divided. This method is preferable to one thrust
of the knife, or to the division of the cord with the
scissors, when it ean never be known whether the section
is complete or not. The brain is then to be destroyed
by breaking up the contents of the skull with a needle.
The hemorrhage will usually soon cease : should it con-
tinue, it may be checked by the insertion of a small plug
of wood 1nto the opening in the skull.  After the oper-
ation, the frog should be placed under a moist bell-jar
for about an hour, until the shock of the operation has
passed off. At first the limbs will all be extended, and
probably no motion can be produced by irritation, but
after a while the limbs will be drawn up and a more
nearly normal attitude be regained, marking the returning
tone of the spinal ganglia.

When it is believed that the shock has entirely passed
off, the frog can be suspended by a tack or hook passed
through its nose to some suitable support, care being
taken that no part of the frog’s body comes in contact
with any solid. Draughts of air must be avoided, and
the skin must be prevented from drying by frequent im-
mersions in a basin of water. A test liquid is then made
by diluting with water 1 ¢. c. of sulphuric acid to a litre ;
a few cubic centimetres of this acid are then placed in a
small glass beaker, and the glass brought under the frog
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and elevated until the tip of the longest toe just dips
below the surface of the acid, and the length of time
which is required before the frog withdraws his foot de-
termined by counting the beats of a metronome. The
instant the reflex movement oceurs the entire foot must
be washed in a large beaker of water to remove the ex-
cess of acid and prevent corrosion of the skin of the foot.
The time elapsing between the immersion and withdrawal
of the foot is then to be written down, and after waiting
five minutes, the experiment repeated, care being taken
to immerse the same toe to precisely the same extent in
each trial. These experiments are to be repeated until
three successive trials give aboat the same numbers,
when the drug can be injected and the time of reflex ac-
tion compared with the normal standard. It is probable
that most substances, which are at all irritating, will at
first, from stimulation of the sensory nerves, reduce the
spinal reflex irritability, or, in other words, lengthen the
time of 1mmersion.

Every reflex action requires the functional activity of
a sensory nerve, nerve centre, and motor nerve ; conse-
quently, before the activity of the spinal ganglia can be
studied, the sensory and motor nerves must be known to
preserve their functions ; therefore, studies of the action
of the drug on the peripheral nervous system and mus-
cles, should precede the examination of the condition of
the spinal cord. Should, however, for any reason, this
not have been done, and 1t be found that atter the admin-
istration of the drug, reflex action gradually disappears,
the condition of the motor nerves must be tested with a
weak induction current; if they preserve their irritabil-
ity, it may be concluded that either the sensory nerves
or spinal centres are paralyzed. The latter possibility
may be excluded by first ligating the bloodvessels of the
limb which it is proposed to stimulate, thus protecting
the terminations of the sensory nerves from the poison ;
if the reflex irritability is now depressed, it may safely
be attributed to action on the nerve centres.

The same method may be employed in studying reflex
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action in the case of drugs which are known to paralyze
the sensory nerves; while in the case of drugs which
paralyze motor nerves or muscles, the limb opposite to
the one stimulated may be protected by ligation.
Having determined the action of the drug on the spinal
cord, the question will now arise as to its action on the
cerebral inhibitory centres of reflex movement. It has
been discovered by Setschenow that the optic lobes in the
frog contain centres, stimulation of which depresses the re-
flex activity of the spinal cord, while their removal exalts
it ; though no doubt can exist as to the accuracy of these
facts, considerable controversy still exists as to their ex-
planation, but until more conclusive proof is brought for-
ward as to the falsity of Setschenow’s theory, we will ac-
cept with him the doctrine of special spinal inhibitory
centres in the optic lobes, whose activity is capable of
being stimulated or depressed by various agents. In
order to study the action of drugs on these centres, all
portions of the cerebrum, anterior to the optic lobes,
must be removed by section with scissors through the
skull, on a line with the anterior margins of the tympanic
membranes. After observing the precautions mentioned
above, the normal degree of reflex irritability is deter-
mined and the drug administered ; should the activity be
depressed, the medulla 1s then divided on a line with the
posterior margins of the tympanic membranes, and the
reflex activity again tested. If it is then found that the
reflex functions are greatly exalted, it may be concluded
that the initial depression was due to stimulation of
Setschenow’s centres. Or, on the other hand, drugs
may paralyze these inhibitory centres and so bring the
reflex activity of the cord, even when in connection with
the medulla, up to the normal degree of the isolated cord.
In the removal of the cerebrum, care must be taken to
avoid hemorrhage, which is a stimulant to Setschenow’s
centre, as is also a decreased action of the heart. It has
also been urged by W. T. Sedgwick,! that the depression

5 I Journ. of Physiol., vol. iii. No. 1.
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of reflex action following the administration of quinine is
due to stimulation of the afferent fibres of the vagus
nerve, an inhibitory effect on the spinal centres being
produced in the same way as when any afferent nerve is
stimulated. |

In addition to these general disturbances of reflex
action, poisons can also influence individual reflexes ; but
since these reflex centres are, in all probability, identical
with the co-ordinating centres, it cannot ordinarily, as in
spasm of the muscles of deglutition, be determined whether
the toxic action is exerted directly on the centres of co-
ordination, or whether their reflex stimuli are only abnor-
mally increased. The position is here much the same as
in the case of general reflex convulsions (strychnia
tetanus), where the question whether the spasms are
evoked by external stimuli can only be settled on the
frog, and not on the warm-blooded animals.

3. AcrioN oN THE SENSORY FuNcTioNsS.—As already
stated, toxie disturbances of the sensory functions can be
studied with any degree of certainty only on man. The
class of drugs which ¢an be thus examined is consequently
extremely limited, adding still another difficulty to an
already obscure subject.

These toxic sensory phenomena consist of two consecu-
tive stages: 1. The stage of ewcitation, with its conse-
quent phenomena. a. The sensory perceptions no longer
preserve their normal relation to the objective stimulant,
but exist in relatively increased intensity, thus producing
an increased sensibility ; errors in the estimation of the
character of the stimuli may, also be produced, and in
marked toxie conditions sensory peceptions (subjective)
may be produced without apparent cause.

b. In slight degrees of this form of toxic action the
flow of ideas is facilitated and the mental processes stimu-
lated, though mental control is diminished; in severe
forms of intoxication the mental processes are entirely
uncontrollable and disorderly, giving rise to the various
forms of toxic mania and hallueinations.

¢. In slight degrees of poisoning the normal control
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of the voluntary movements is lost, the muscles, perhaps
from disturbance of the muscular sense, contracting
more or less powerfully than was intended, thereby pro-
duecing various disturbances in locomotion or speech, while
in severe forms of intoxication the power of performing
normal movements is entirely lost, and complete paralysis
or general or localized convulsions result. The cerebral
stimuli of movement may also be disturbed and lead to
various maniacal acts ; the highest forms of these sensory
disturbances constitute delirium,

2. The stage of depression 18 characterized by phe-
nomena opposed in every respect to those just mentioned;
in moderate degrees of intoxication, sluggish senses, ob-
tuse mental acts, and indisposition to move; in higher
degrees, complete loss of consciousness (sleep), and de-
pression of all the reflexes, with impossibility of being
aroused (soper, ecoma, narcosis). In the case of many
poisons these last-named phenomena may precede the
above mentioned, or exist alone as special actions of the
drug.

Another sensory disturbance, less often produced by
drugs than by other causes, is syncope ; it consists of loss
of consciousness without the symptoms described above
as constituting the initial stage of excitement.

The only premonitory symptoms of syncope are found
in disturbances of special senses (darkness before the
eyes) and disturbance of muscular eo-ordination (dizzi-
ness, staggering), appearing before complete loss of con-
selousness is established.

_ The toxic sensory disturbances may depend either upon
direct action on the cerebrum or upon disturbances of
respiration or circulation, both of which are, however,
functions essentially under the control of the central
nervous system. Disturbance of respiration may merely
produce loss of consciousness, and that only in the stage
of asphyxia through insufficient supply of oxygen ; while
circulatory disorders may produce the most manifold
sensory symptoms as soon as the blood-pressure in the
cerebral vessels suffers any considerable change ; thus
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syncope may be caused by depression of the blood-pres-
sure from diminished vigor of cardiac contraction. The
effects of increased arterial pressure and of venous stag-
nation are less clear; both conditions, of which the first
alone can be regarded as a direct toxic result (from pa-
ralysis of the cerebral bloodvessels, inereased force of the
heart’s action, or contraction of the peripheral vessels), are
usually designated as congestion of the brain, and since
post-mortem examinations in cases of poisoning accompa-
nied by sensory phenomena often reveal positive changes,
such as hyperaemia of the brain and its membranes, the
anatomical conditions are supposed to be a cause of the
symptoms. This hypersemic condition of the brain is
often manifested during the action of the poison by con-
gestion of the face, injection of the eyes and increased
secretion of tears and saliva ; while in many cases even
actual rupture of the vessels (cerebral apoplexy) may
be produced. |

Though it is acknowledged, as is proved by the symp-
toms oceurring in cerebritis or meningitis, that hypersemia
of the brain may cause symptoms similar to those de-
scribed above, there is no means of proving absolutely,
that, in the production of these symptoms by poisons, the
same processes are concerned; accordingly, unless the
contrary can be proved, it is not unwarrantable to as-
eribe the sensory toxic effects of drugs fo direct action
on the cerebral centres.

The proof of circulatory disturbance in the brain is
only obtained with the greatest difficulty. The post-
mortem appearances are apt to be deceptive, since it 1s
conceivable that transient circulatory changes may exist
without leaving any characteristic post-mortem appear-
ances, and congestion - ete. (except, of course, active 1n-
flammation), may be produced during the death struggle.
During life, observation of the retinal vessels with the
ophthalmoscope will give a tolerably accurate idea as to
the state of the cerebral circulation. Direct inspection
in animals is rendered possible by trephining, a glass
plate being inserted, after the method of Donders, in the
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opening in the skull;! by this means, however, only the
surface is exposed to inspection. As regards the general
condition of the cerebral circulation, some idea may be
obtained by manometric examination of the pressure
within the skull, but this procedure, as far as is known,
has never been applied to pharmacological studies.?

V.

INVESTIGATION AND EXPLANATION OF THE ANATOMICAL
ALTERATIONS FRODUCED BY POISONS.

THE anatomical changes produced by the action of poi-
sons can be studied only in the most limited degree during
life, as in inflammation at the point of absorption, when
visible to the eye, or increase or decrease of fatty tissue,
ete. Most anatomical changes can only be recognized
after death, and it is, therefore, advisable, in order to
obtain a complete picture of the morbid processes, to kill
the animals experimented on in different stages of the
poisoning.

No general rules can be given for the investigation of
these points, sinee they will depend upon the nature of the
pathological process. An attempt, however, should in-
variably be made to determine whether the changes are
due to direct action on the tissue concerned, or whether
they are secondary results from some functional distur-
bance. In general, the latter state of affairs will be
found to exist, except of course in cases in which the
results are evidently attributable to inflammation of the
absorbing surface.

' The procedure is described by Krause, in Anat. des Kanin-
chens, p. 46.

_? Various methods of investigation of the cerebral circulation are
given in the Medical Lancet, Oct. 1850, Moleschott’s Untersuch.,
lii., Virchow’s Archiv, xxxvii, 519, and Monographs by Jolly,
Il’grl:llrahurg, 1871, Althann, Dorpat, 1871, Pagenstecher, Heidel berg,

i1,
16*
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A large number of poisons, among which are the
nerve poisons which probably produce some obscure
chemical change in the nerve elements, leave no detecta-
ble post-mortem trace of their action, thus proving that the
most profound functional disturbance may exist without
any palpable tissue change.

In the examination of post-mortem appearances, ac-
count must be taken of the changes which can be attri-
buted to the act of dying, and it is not sufficient merely
to separate the normal post-mortem processes of coagu-
lation in blood and muscle and the changes of decompo-
sition, from the effects due to the action of the drug. In
most forms of death, a large number of changes, in no
way characteristic of the special cause of death, are
produced by the stoppage of circulation and respira-
tion. Among these, the ordinary asphyxic appear-
ances are the most usual, since nearly every form of
death occurs under the symptoms of suffocation. It is
further to be noted that the characteristic changes pro-
duced hy the poison, where such exist, may be modified
or removed during the act of dying. Moreover, no re-
liable conception can be obtained as to the state of the
cerebral circulation, or the amount of fluid in the brain,
from the post-mortem changes, since such conditions are
sure to be disturbed in the death struggle, and the un-
certainty will be the greater the longer the act of dying
is prolonged. When, therefore, it 1s desired to examine
into these points, the animal should be killed by pune-
ture of the medulla, so as to prevent the signs of dys-
pncea or convulsions being confounded with those directly
due to the poison.

Alterations due directly to the action of the poison
can, with any degree of certainty, be only detected at
the point of absorption of the poison ; particularly when
the poison is of a diffusive character, and so apt to pene-
trate deeply into the tissues without following ‘the vessels.
Such changces are usually of a corrosive character; that
ig, chemical destruction of the tissue elements, with its
consequent inflammatory changes.
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[Degenerative changes and changes in the histological
elements at the point of application will also fall under
the heading of local action. Thus Erdss found that in-
jections of oil of mustard into muscles caused fatty de-
generation and disappearance of their transverse strize. ]

These alterations must, from their very nature, be
restricted to the points with which the poison cbmes in
direct contact, since after absorption by the bloodvessels
the poison either undergoes chemical change, or is so
diluted as to be unahle to produce its corrosive effects.
The action of poisons administered by the alimentary
canal may, of course, be spread over a very extended
surface. Usnally, however, the corrosive action of a
poison is restricted to the point of application, and to the
depth to which, in a concentrated form, it is capable of
diftusing.

When the absorbing surface has thin walls, as is the
case in the stomach or intestines, the irritant action may
extend through diffusion, by continuity of surface, to
neighboring organs, such as the liver, spleen, or dia-
phragm. If the action leads to perforation, the poison
may gain access to the body cavities, and thus come in
contact with greatly inereased surfaces.

In addition to this irritant action and its sequellze
(such as hyperzemia, catarrh, swelling, suppuration, in-
filtration, degeneration, and scarring), but few specific
toxic anatomical changes can be detected. When such ex-
18t, they are generally to be found in the glands and mus-
cles (fatty degeneration), and skin (exanthemata), and
are only produced when the action of the poison has not
been rapidly fatal. The connecting links between the di-
rect action of the poison and these secondary results are
hidden in the greatest obscurity. It can only be said
that they are due to changes in nutrition without an
explanation being possible. In many cases the locality
of these changes appears to depend upon the course of
the poison in the system ; thus kidney changes may be
produced by drugs eliminated through the urine, so,

perhaps, showing that they are due to direct anatomical
action of the poison. '
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INVESTIGATION OF CHEMICAL CHANGES PRODUCED BY
POISONS. j

Or the chemical processes resulting from the adminis-
tration of drugs (see page 80), only those will be here
alluded to which may serve to add to our knowledge
of the mode of action of the drug. Changes in the
composition of the poison will not here come under
consideration. These investigations, so far as they do
not concern alteration of the secretions, can only be
undertaken post mortem, and here, even more than in
the study of anatomical alterations, great carve must be
taken in excluding the results of post-mortem changes ;
consequently, the examinations should be made immedi-
ately after death, Since the normal chemical constitu-
ents of different organs are but imperfectly kunown,
and the actions of poisons probably involve obscure
chemical changes, but listle can be here said ; especially
as the constituents, of which our knowledge is at all com-
plete, are either products of tissue change, already des-
tined for elimination, or decomposition products of the
unstable tissue elements, produced in post-mortem changes
or in the chemical manipulations required in the analysis.

In the case of nerve and muscle poisons it cannot be
stated whether their action is due to chemical change
ornot. In the case of the direct action of poisons on the
blood, as far as combinations with the gases of the blood
are concerned, our information is more definite.

The study of toxic disturbances of nutrition often pro-
duced by poisons, with the exception of estimation of
sugar and glycogen, when post-mortem changes should be
prevented by boiling water, are probably better carried on
indirectly through examination of the excretions, rather
than in direct analysis of the different organs.

The greatest number of investigations as to the post-
mortem presence of poisons in the body have been un-
dertaken for medico-legal purposes, a class of study which
does not fall within the provinee of this work.
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1. Doses, ImMuNITIES, FORM, AND SOLVENTS OF Por
sons.—To obtain a complete 1dea as to the action of a
poison, it must be administered in doses varying from
the smallest active yunantity to maximum doses; that is,
until a point has been reached when increase in 'the dose
causes no increase in the character or intensity of the
resulting symptoms. This is not only necessary on prac-
tical grounds (since to be of therapeutic value, it must be
known what quantities are fatal and what 1s the smallest
amount that will produce any effect), but more especially
because very often the effects of a poison will be found
to vary with the quantity used. This graduation of dose
must be established for each class of animal experimented
on, since it will often be found that corresponding doses
will produce different results in different classes of ani-
mals. Many poisons are entirely inert on certain species,
while very virulent on others; but occasionally it will
be found that this immunity is only apparent, the result
being due merely to a difference in the dose required.
When such immunities are detected it is an interesting
question to attempt to explain their cause. Before all,
an apparent immunity must be separated from one which
18 actual ; apparent immunities exist when, although the
fundamental action of the poison is exerted, it causes only
such functional disturbances as do not produce any evident
effect on the organism ; such as the apparent immunity
of frogs to carbonic oxide. In actual immunities the ac-
tion of the poison is not exerted, or only after the admin-
istration of disproportionately large doses. The cause of
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such 1mmunities cannot be positively stated, though the
following may be urged as possible explanations : a, the
chemical conditions necessary for the action of the poison
do not exist in the animal experimented on; an example
of this is seen in the immunity enjoyed by insects for
carbonic acid, since their respiration is not carried on
with hseemoglobin ; 4, the nutritive changes occurring in
the animal may be of such a character as to cause such
an unusually rapid excretion or decomposition of the poi-
son as not to allow the accumulation in the blood of a
quantity sufficient to produce toxic action. Such a pro-
cess may be established when the prevention of excretion,
as by ligation of the ureters, renders a much smaller dose
active. Actual immunities may be determined by the
detection of the poison in the animal tissues; thus, the
above explanation will not apply to the immunity of rab-
bits to belladonna, for their flesh, after they themselves
have received unharmed large quantities of belladonna,
will produce symptoms of atropia poisoning when con-
sumed by man or other animals. Under no circumstances
can any explanation be attempted unless all the modes
of action of the poison are thoroughly understood. With
the exception of cases in which special immunities exist,
the general law holds good that the dose required to pro-
duce the general action of a poison is in accordance with
the size of the animal; this is readily understood when
it is remembered that a certain percentage of poison in
the blood is required before the effects of the poison are
manifested, and of course as the amount of blood con-
tained in a small animal 1s less than that of a larger one,
a smaller dose is required to produce proportionate
effects. This rule has, however, many exceptions.

In many cases it is necessary to repeat the doses at
intervals in order to prolong the period of poisoning,
and permit extended observation of any particular
stage ; often, however, this will be impossible, as ani-
mals will frequently lose their susceptibility to repeated
doses of a poison. Such reduced susceptibility occurs
with nicotin, and, indeed, remains after the cessation of
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the administration of the drug ; snch conditions may be
described as acquired immunities, or the animal or per-
son is said to become habituated to the poison: its ex-
planation is one of the most difficult problems of phar-
macology.

The repeated administration of drugs is further neces-
sary from another point of view, since many poisons only
produce certain effects after repeated administration :
ordinarily under such circumstances the organism under-
goes such changes that a single dose is not capable of
producing the characteristic effects of the drug. Thus
a number of poisons require prolonged contact, or that
of their products, with the special organs on which they
act ; consequently a single dose is not capable, on ac-
count of rapid elimination, of producing its typical ac-
tion. The effect cannot even be produced by increasing
the dose of the poison ; because, on the one hand, it may
cause death by some other mode of action, or, on the
other hand, there is a limit to the quantity of poison
capable of absorption, especially in the more insoluble
poisons in which the amount administered is of little con-
sequence, as the excess over and above that which can
be absorbed 1s carried off by the feces, when given by
the stomach, or by suppuration when given subcutane-
ously. Insuch cases the repeated administration of the
poison is indispensable for the production of the charac-
teristic action,

Such cases are designated by the expression chronic
* poisoning, an unfortunate term, since chronic poisoning
18 not separated from the acute form by the time re-
quired for its development, or the duration of its exist-
ence, but by the fact that acute poisoning is caused by a
single dose, chronic poisoning by doses repeated at in-
tervals. (1) To this class of chronic poisonings helong
the cases of so-called cumulative action; that is, effects
which only appear after the repeated administration of
separate doses, even though they be small, and which
cannot be caused by the administration of a single dose,
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even though it be a large one. The cause can only lie
in the explanation given above.

Another case in which the characteristic action may
only be produced by repeated small dosesis when larger
doses, by some special action, such as vomiting, or defe-
cation, either prevent absorption, or cause such rapid
elimination, that either no action, or a modified one, oc-
curs.

The physical form in which the poison is administered
1s of great influence on its mode and conditions of ac-
tion. It is only when in solution that a poison can enter
the blood by absorption, and the rapidity of absorption
depends largely on the character of the solvent; and upon
the rapidity of absorption will depend the character
or even the existence of the general action. Poisons,
introduced in the solid form, often find solvents in the
different fluids of the body, especially in the water of the
tissue juices and secretions, which will permit this ab-
sorption. These natural solvents should not, however,
be relied upon, but the drug be invariably administered
in solution, since the abstraction of water from the tis-
sues may set up inflammatory changes which might eom-
plicate the result, or the solvent might not be on hand
i sufficient uantity to dissolve the amount of drug
administered ; thus, for example, it is possible that in
acute phosphorus poisoning, the phosphorus is ab-
sorbed without producing local inflammatory changes
when fat is found at the same time in the digestive
canal.

In the choice of a solvent, one must be selected that
is itself absorbable and indifferent (inactive), and the
solution should not be too concentrated, as concentrated
solutions, like the solid body, tend to produce corrosive
effects.

2. Meruons orF PropuciNg Narcosis.—For a num-
ber of special pharmacological studies it 1s necessary,
before giving the poison under study, to give some drug
which will destroy certain functions which it is desired to
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eliminate. Ordinarily it is desired to maintain the ani-
mal in a passive condition, in which no voluntary mo-
tions will be made, and curare, therefore, is the drug
most frequently used, either to produce absolute motion-
lessness in complicated experiments, as in blood-
pressure experiments, or to eliminate, through paralysis
of the motor nerve endings, the possible effect of the
drug on these organs. In all cases of curare poisoning
in warm-blooded animals, artificial respiration must be
maintained. Curare must not be used in the study of
drugs which, a, act themselves on the motor apparatus,
or, b, which produce diabetes, since the latter 1s also
caused by curare, or, ¢, it must be used only in very
small doses when the drug under study itself acts on the
vaso-motor nerves.

Whenever any drug is used for these purposes, all its
actions must be thoroughly understood, and mustnot be
incompatible with the drug under study, unless the line
of incompatibility can be sharply drawn, and may itselr
serve such purposes as above alluded to.

Chloral is often employed to destroy pain and keep
the animal motionless, and does not require the main-
tenance of artificial respiration ; it 1s especially suited
for rabbits, which, as a rule, do not stand narcotics well.
Chloral, however, cannot be used in the study of the
action of poisons on the heart, vessels, or pupil.

Morphia, or laudanum, may be used for the same pur-
poses, and with the same limitations ; both are well suited
for dogs.

These drugs are not, however, as yet thoroughly
enough understood toallow of certainty that they exert no
antagonism on the action of the special poison which may
be the subject of study ; they should therefore only be
used in special cases, and control experiments should
always be made without the use of any narcotic in order
to determine the general action of any drug.

17
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Antagonism of Drugs.

[No study of the action of a drug can be considered
complete unless some attempt has been made to discover
its physiological antidote. The chemical antidotes of a
drug, when such exist, are usually readily determined
by its known chemical incompatibilities. The practical
value of such knowledge is, however, restricted in cases
of actual poisoning to the time during which the poison
remains within the alimentary canal; thus alkalies can
only be useful immediately after the ingestion of acids ;
iron hydrated sesquioxide, immediately after the admin-
istration of arsenic. By physiological antagonism, how-
ever, as expressed by Bartholow,! is meant a balance of
opposed actions on particular organs or tissues. This
antagonism, or opposition of actions, may extend through-
out the whole range of effects of two different drugs, or
it may be limited to a few points; and, indeed, some of
the most valuable instances of antagonism are thus
limited, and there are few, if any, examples in which
the opposition of actions is universal. In the search,
therefore, for a physiological antagonist, a drug should
be first selected in which the points of contrast in physi-
ological action are most marked. Thus, when it has
been determined that the poison under study destroys
life by paralysis of the respiratory centre, a marked
stimulant of that centre should first be tested as to 1ts
possession of antidotal powers. A cardiac depressant
should be antagonized with a cardiac stimulant, ete.

When a drug has been selected which offers the
greatest number, or most pronounced, points of contrast
to the poison under study, the first point, if not already
settled, will be to determine the minimum fatal dose of
the poison per pound weight of the animals experimented
on; then the minimum fatal dose of the drug which it
is proposed to test as an antidote. This having been

I Antagonism between Medicines, Cartwright Lectures, 1880,
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accomplished, the minimum lethal dose of the poison is
administered, to be followed by the administration within
a few minutes of the corresponding dose of the antidote.
Should the animal survive, the same dose of the poison
should then be administered a few davs later to test
whether the dose originally given was sufficiently large to
cause death. After a drng which possesses antidotal pro-
perties has been found, and the proper dose determined,
the antidote and the poison may be given simultaneously.
Experiments should also be made as to the time which
may elapse and the poisoned animal still be saved by
the antidote, and as -to how much more than the minimum
fatal dose of the poison may be given and the animal’s life
still be preserved by the antidote. A curious fact which
has been over and over again demonstrated, and should
be remembered in such investigations, is that when less
than the minimum fatal doses of two poisons, which
modify each other’s action, are given simultaneously,
death will often result.

After a successful antagonism has been proved, it will
then be interesting to see in what manner the fatal effects
are prevented. To that end, if the drug is a circulatory
poison, for instance, paralyzing the vagi and vaso-motor
centre, a blood-pressure experiment should be made, and
when the characteristic effects have been produced, an
appropriate dose of the antidote should be given and
the effects on the circulation noted; whether the blood-
pressure rises and the vagi and vaso-motor centre regain
their irritability. If the action is on the heart or respi-
ratory centre, experiments such as those already detailed
under the heading of the circulation or respiration may
be instituted. ]
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In the preparation of this volume it has been the object of the
author to elucidate the symptons and course of syphilis by a study of
the changes undergone by the various tissues during its evolution, and
in this way to furnish an accurate and reliable basis for the rer_',og;nitiun
and treatment of the disease. In availing himself of Lis unequalled
opportunities for the prosecution of these investigations, he has, at
the same time, made such free and judicions use of the labors of others
und has s0 eombined the histological and symptomatic elements of the
malady, that he has produced a work at once scientific and practical,
and oné which is without exact parallel in the literature of syphilis.

The translators have edited this work as well as translated it,
“:‘q[;uu' recent-advances have been incorporated, and in order to adapt
it thoroughly to the wants of the practitioner, much space has been

;.;'y.ren to the clinieal symptoms and therapeutical management of the
ilisease.
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¢ Pheir book is not a collection of the work of others, but has
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thie marks of personal knowledge and investigation upon every page,
comtrolled by and eontrolling the work of others.........In short, its
translation has made it the best work in pathology attainable in our
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af Mediciie, April, 1880.

¢¢ Phis will be found an exceedingly interesting valuable work by
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was derived from autopsies and operations in the hospitals of Paris,
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everyiling verified by microscopical investigation by the authors them-
selves in their own laboratories nsgmt-m} by their pupils. Asan aid to
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and none better classities the multitndinous sulbjects included in it.
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number of men use it alone in the study of pure medicine ; and we
can say of it that it is in every way adapted to serve not only asa
complete gnide to the subjects of examination, but also as an ample
instructor in the seience and practice of medicine. 'L'he style of Dr.
FLINT is always polished and engaging : but if we may do so, we would
especially commend Cha.i)ter VL., on Diseases of the Nerves, as an
example of the way in which a difficull subject can be presented to
ensure that it shoulil Le fully understood. 'T'he whole work, however,
abounds in perspicuous explanatien, and is a most admirable text-
book of medicine.”"— Medical News.
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““On the whole thisis a good book. There is the ring of common
sense in the remarks abont the employment of a wet nurse, about the
proper food for a nnrsing mother, about the tonic effect of a bath,
about the perambulator versus the nurse’s arms, and on many other
suljects concerning which the eritic might say,‘suvely this is obvious,”
but which experience teaches us are exactly the things needed to be
ingisted upon with the rich as well as the poor. ‘The chapter on the
subject of Cow’s Milk is excellent. Dr., Kearine has well stated the
difficultics and daugers which beset the subject. On the question of
condensed milk, as on others he speaks evidently from the result of
personal knowledge.”"—Lancet, January 28, 1832,

“Grave objections exist against ths mothers’ books in ordinary
cireulation, and hence we hail with genuine plensure the appoarance of
# volume which, in a small compass, includes all that a woman need
know concerning the management, treatment, and feeding of infauts,
But Dr. KeaTing bas accomplishe 1 even more thaa this, for many a
young practitioner will find in this unpretending little handbook a fund
of information of the most valuable kind to assist Lim in snceassfully
passing that trying ordeal of experience—a mother's questions re-
garding her elnld."—Medicu! News, December ¥, 1581,
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KILNER.

Kilner's Compendium of Modern Pharmacy

AND DRuUGGIST'S FORMULARY,
Shows at a glance how to manufacture over three
Hundred Elixirs, Saccharated Extracts, Tinctures,
Fluid Extracts, Specific Medicines, Emulsions,
Syrups for Soda Fountains, Medicated Syrups,
Medicated” Wines, Solutions, Flavoring Extracts,
Medicated Waters, Mineral Waters, Perfumery and
Toilet Articles, Pills, Liniments, Powders, Cold
Cream, Explosive Prescriptions, Hair Oils, Pomades
Tooth Powders, Hair Dyes and Tonics, Toilet
Soaps, Iarrier’s Prescriptions, Mouth Washes, and
Poisons and their Antidotes ; together with Tables
of Metric Weights and Measures; and Miscella-
neous Information Indispensable to Druggists. 28s
1882

f* No Chemist can afford to be without this admirable work.”—
Medical News,

———— e —

A, F. A, KING, MD.
Lrofessor of Obstetrics and Diseases of Women and Childien

tn the Medical Department of the Columbia University, Washings
lony ete,, and i e University of Vermont, ele., ele.

A Manual of Obstetrics. Small 8vo, with 5FS
tlustrations, 8s 1884

““ No more useful Student’s work on the subject exists in tl
English Language,”—Medical Newe. ; s

SAMUEL O, L. POTTER, A.M, M.D.
Lresident of the Mikwankic Acadsmy of Medicine, ete,

An Index of Comparative Therapeutics.
With Tables of Ditferential Diagnosis, a Pronounc-
ing Dose-List in the Genitive Case, a List of
Medicines used in Homeeopathic Practice, Memo-
randa concerning Clinical Thermonietry, Incompati-
bility of Medicines, Ethics, Obstetrics, Poisons,
Anasthetics, Fees, Asphyxia, Urinary Examinations,
Homeeopathic  Pharmacology, and Nomenclature,
cte, ete. Second edition, 12mo, 6s 6d 1882
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ELIAS LONGLEY.

Student's Pocket Medical Lexicon; Giving
the correct Pronunciation and Definition of all
Words and T'erms in general use in Medicine, and
the collateral Sciences; with an Appendix, con-
taining a list of Poisons and their Antidotes, Ab-
breviations used in Prescriptions, and a Metric
Scale of Doses. 12mo, 45 1882

““This is a very compact and complete little dictionary, and will
be found useful for references, not only as to meanings, but for correct
pronunciations.”

“ An invaluable pocket compavion.”—Medical News,

A. HUTCHINSON SMEE, M.R.C.L.,
BG5S, B!

Milk in Health and Disease. 2s 6d.

—

T. GAILLARD THOMAS, M.D.

Professor of Discases of Women in the College of Physiciaxs and
. Suergeons, New Yord.

A Practical Treatise on the Diseases of
Wowmex. Fifth Edition, Enlarged and thoroughly
Revised, royal 8vo, 806 pages, containing 260 illus-
lrations, 255 1880

¢ The alterations and additions which have been made are both
pumerons and important.”

¢ The attraction and permanent value of this book lie inthe clenr-
ness and truth of the clinical descriptions of disease, th‘u 'fﬁrt._ﬂlt}' of
the author in therapeutic resources, aml the fulness with which the
details of treatment arve deseribed, the definite character of the t_em:h-
ing, and last, but not least, the evident candour which pervades 18" —
Medival Times and Gazette, July 30, 1881,

“We eannot pretend to make a eritical examination of Dr.
Thomas's great work in this place, nor, indeed, is 1t called for. 1t
is incomparably the most valuable, because the most practicul,
treatise on Gynzcology in the Enghsh language, m:td tn students es-
pecially, who,above all things, require explicit directions how to-work,
it is an invaluable adjuvant to clinical observations.”—JMedical News.
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A. A. SADGROVE, m.ps.
A Chart of Materia Medica and Thera-

PEUTICS ; containing everything mentioned in the
British Pharmacopeeia of 1867, alphabetically ar-
ranged for the use of Students. 1s

JOHN B. ROBERTS, AM, M.D.

Lecturver on Anafony and on Operative .S'.rsrgr;ly in Pfu?mfg;jhﬁ;}r
School of Analomy, Demonstrator of Anatomy in the Philadelphia
Dental College, Recorder of the Pluladelplia Academy of
Surgery, et cle.

The Compend of Anatomy; for use in the
Dissecting Room and in preparing for examina-
tions. Crown 8vo, 4s 6d 1882

‘¢ As a student’s vade mecum of anatomy, it is probably the best
that has been published."—Clincinnati Lascet aid Clinie,

““ A useful work for minor examinations in Anatomy."—Medical
Neis,

TOM ROBINSON, M.D.
Lhystcian to St, Fehn's Hospital for Discases of the Skin,

On Baldness and Greyness; their Etiology,
Pathology, and Treatment. Small 8vo, 25 6d 1882

" The result of a large experience.”— Chenist : Diuggist, Aug., 1882

e

TOM ROBINSON, M.D.
Physician to St. Fohi's Hospital for Skin Diseases,

Nead ﬁg-"m‘;‘ the faroeian _’S’ﬂa}*{r,
Nocturnal Incontinence of Urine. 1s 1880
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W. J. WALSHAM, M.B, F.R.CS.

Demonstrator of Anatomy and Operative Surgery at
St Bartholomew's Hospital, efe.

A Handbook of Surgical Pathology:; for
the use of Students in the Museum of St. Bartho-
lomew’s Hospital. 8vo, r1os 6d 1878

« « HENRY. KimPrTON arranges with the leading
publishing firms in America for the sale of his publica-
tions in that country. Terms are made in the interests
of Authors, either for sending a number of copies of their
works to the United States, or having them reprinted

there, as may be most advantageous.

HENRY - KIMPTON

Having purchased the stock of the following Stan-
dard Works is enabled to offer them at the
low prices affixed for cash nett.

PROFESSOR R. OWEN'S

Odontography, or a Treatise on the Comparative
Anatomy of the Teeth, their Physical relations,

Mode of Development, and Microscopic Structure
in the Vertcbrate Animals, One vol. text, and
Atlas, containing 168 deauliful plates, (pub L5 53),
half bound moroco, new, £2 1840—45

Ouly a few copies of this splendid work remain and it will never
be m-lu“iuted.
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COOKE ON CANCER.

On Cancer; its Allies and Counterfeits by THoaAs
WEEDEN CoOOKE, Surgeon to the Cancer Hospital
Tivelve colowred plates, Svo, cloth, new, pub. a
125 6d, for 35 6d 18065

ERICHSEN ON CONCUSSION OF THE
SPINE.

On Concussion of the Spine, Nervous Shock
and other Obscure Injuries of the Nervous System,
in their Clinical and Medico-Legal Aspects. Thick
crown 8vo, eoth, new, pub. at 1os 6d, for 45 18%5

ELLTSS BISSECTOR.

Demonstrations of Anatomy ; being a Guide to
the Knowledge of the Human Body by Dissection.
By G. ViNer Ervis. 8th edition, with 248 engraw-
ings, cr. 8vo, cloth, new, pub. at 12s 6d, for 75 1878

ALFRED - HAVIEAND,; M.R/G.S.E., Sc.

Phthisis in Females in England and Wales.
Map 3 ft. 3 in. by 2 ft. 6 in., coloured, (the Geo-
graphical Distribution of.}) 1s 1d post free.

ALFRED HAVILAND, M.RCSE, &c

Cancer in Females in England and Wales.
Same size and price as above.
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A Weekly Journal of the
Medical Sciences.

O'NE: /P E N NSYe

ANNUAL SULSCRIPTITION, 6s5. 0d. POST FREE,
CONTAINS
NOTES AND LEADERETTES;
ORIGINAL ARTICLES ON MEDICINE,
SURGERY, &c.; LEADING ARTICLES;
MEDICAL NEWS; PASS LISTS;
APPOINTMENTS, VACANCIES, &c.;
COLLEGIATE & CLINICAL NEWS
METROPOLITAN AND PROVINCIAL;
EXAMINATION QUESTIONS; REVIEWS. &c.

SUPPLEMENTARY PLATES
Tllustrating Original Articles, are frequently issued.

NOW READY, Vol, I of the

MR C e S,

WITH INDEX, TITLE-PAGE, &c., COMPLETE.

Bonund in cloth, price 35. 04, nett ; if by post, 4s.

ConTeENTS : The Essential Features of Diseases of Children,
by C. E. ARMAND SemrLE, M.B, M.R.C.S.—The Essential Fea-
tures of the Diseases of the Nervous System, by Davib DRUM-
moxD, M.A., M.D.—On Case Takmg, and the Examination of
Patients, by W. R. WiLLiams, F.R.C.5.—Notes on Physiology,
by W. Ronixson, M B.—And Numerous ’apers, by Dr. MILNER
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