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INTRODUCTION.

A rEw words of explanatory character in regard to the following essay may
not be out of place. From the time of Fontana, 1767, until the able essay of
Lucien DBonaparte, in 1843, on the chemistry of venom, there was no paper of
moment on serpent poisons. In January, 1861, one of us, 8. Weir Mitchell,
published a long study of the venom of the Ciofalus durissus, and in 1868 sup-
plemented it by a shorter contribution, in which he related some recent discoveries
of his own, and corrected certain errors of his former paper. “These two essays
may be considered as constituting with Lucien DBonaparte’s the foundation of the
later work in this direction, and perhaps as having left the study of venoms in as
definite a position as could be gained with the laboratory facilities of 1843 to 1568,

In 1872, the government of India enabled Sir Joseph Fayrer to publish a volume
of beautiful plates of the venomous snakes of India, to which was appended also
a series of investigations into the toxicology of their poisons. In 1872 the same
author and Dr. Lauder Brunton contributed an admirable physiological study of
the effects of venoms.' ;

In 15374, Vincent Richards, as chairman of a government commission, published
an excellent report on antidotes,

Dr. Wall's® thoughtful and snggestive book appeared in 1883. It is a compara-
tive study of the poisons of the colubrine and viperine serpents of India,

These, with a too brief study of the poison of our copperhead by Dr. Isaac
Ott, of Easton, Pennsylvania, sum up all of value which has been added to the
physiological literature of this most interesting subject,

Why it has won so few investigators is not far to seek. Ewven in India, where
the appalling loss of life from snake-bites has of late invigorated research, the
power and means of government were needed to overcome the obstacles which
surround such scientific effort from ineeption to close. But, if in a land where
snakes abound and professional snake-catchers can be had, it is yet not easy to
follow this pursuit with success, elsewhere it is a task set about with inconceivable
obstacles. The fear of serpents, the rarity of some species, the distances to which
they have to be carried, the mortality of eaged specimens, and the great cost of

! Proe. Roy. Soc. 1872, 1373, and 1875,
i Indian Snake Poisons; their Noture and Effects. A, J. Wall, M.D., F.R.Coll. 5., 1353,
1 April, 1888, { l :.
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|||1Ir|:*1|:1=~'r' and Ir:nﬁ-pnr!nﬁfrll. need r]h]}" to be mentioned as 'i'llllitlllillg' our own
difficultics, What had been done in India, sustained by a government, had to
be with us attempted by private individuals, aided by the Smithsenian Institu-
tion, without which it would have been impossible to snceeed. Our work began
in the autumn of 1882, by extended efforts on our part, and that of the Smith-
sonian, to buy or otherwise get numerous living specimens of the American genera
of Thanatophidem. This quest was kept up by every means our ingenuity could
devise, and neither time nor money was spared. We succeeded in obtaining
a sufficient number of rattlesnakes, including Crofalus adamanteus and O, durissus,
We have had also enough of the Moccasin (Ancistrodon piscivorus). Our wants as
regards Ground Rattlesnakes, Copperheads, and Coral-snakes have been less com-
petently supplied, chiefly because these snakes are all @11, so that to get enongh
of their poison for study it was essential to have a great many snakes. We have
had in all about two hundred living serpents, and among them some superb
specimens, which yielded poison in large quantities, Thus one—C. adamantens—
was cight and a half feet long and weighed nearly nineteen pounds, It furnished
on one oceasion about one and a half drachms of venom,

It was thought desirable by Prof. Baird and ourselves to examine the poisons of
Indian serpents. 'To secure these the Secretary of State appealed to Her Majesty’s
Indian government in our behalf. A courteous response was returned, and orders
given which resulted in our receiving a certain amount of Cobra venom. A more
constant and larger supply was due to the generous and untiring kindness of
Vincent Richards, Esq., M.R.C.8., of Goalundo, B, L

The poison of the Duboia Russellii, the Indian viper, we sought in vain to
secure, Government aid and private enterprise alike failed to secure a sufficient
quantity of the venom of this dreaded reptile. The other Thanatophidewm, of
Australia, and South America, still await more careful study, and our preliminary
report has already been the means of renewing interest in the chemical aspects of
this study in India.

Such of our serpents as were not cared for by the hospitality of the Philadelphia
Zoological Garden, were kept in large boxes, about four and a half feet high,
covered on top with removable wire network, and well-ventilated through wired
openings below.  They were of course furnished with water, and if they declined
to eat, were fed at intervals, by artificial means, with raw beef chopped fine, and
passed down into the belly of the snake through a large glass-tube. Under this
treatment the deaths were fewer, and the supply of venom far better. Probably
this method could be usefully employed in zoological gardens, where many snakes
are lost owing to their indisposition to feed during the early months of captivity.

On all oceasions, for forced feeding, or for the purpose of extracting venom, the
snakes were caught and held in the snake loop, Fig. 1. This is merely a staff,
having a leather strap so arranged that it can be drawn out into a loop in which
the serpent’s neck is noosed, and so held. With this simple means all risk is
avoided, and with it serpents of any size and strength to be met with among our
Thanatophidex can be safely held and easily manipulated.

Yor whatever reasons the study of snake venoms had not greatly advanced since
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the last research of Fayrer and Lauder Brunton until the authors of this paper
resumed the work in 1882, One of them (Dr. Mitchell) had long felt that it
would be well to revise the toxicology of our American serpents which he had
begun in 1858, and as the later English observers had in some points differed from

him, to learn if they or he were correct, or whether the divergence as to results
was due to variations in the qualities of the venoms employed. Then too he had
become conscious of certain errors in his former researches, and wished to aid in
correcting them, and in filling up some of the gaps left in this branch of toxi-
cology by himself and others.

The authors started with a theory long held by Dr. Mitchell that snake venoms
are not simple in composition, but composed of two or more poisonous substances,
and that in the qualities and quantities of these agents would be found an expla-
nation of the differences between serpent venoms as to power to kill and mode of
causing death.

How fertile has been the germinal idea of this research must be judged of by
this present essay; which will, we trust, by leading thought and experiment in
new directions hasten the day when we shall be able to treat with suecess the
wretched thousands who now perish annually by snake-bite in India and elsewhere.

Some of onr earlier results were so soon talked of and even noted in public
prints, that it seemed wise for this, and all other reasons, to state what we then
knew. 'This was done in a “ Preliminary Report to the United States National
Academy of Seiences, in April, 1883.” 1In this brief essay we announced our
proofs of the complex nature of snake poisons. The report was incomplete, and
in the ljght. of our present more elaborate essay may be seen to contain several
erroneons statements,

It is not in the nature of things, that a research along such vavied lines as
our present volume follows, though extending over several years, should be per-
fect in detail, or complete for all genera of Thanatophidians. It is our carnest
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hope that it will be complemented and supplemented by some of the able staff of
the British Army Medical Service in the East Indies. There, only, is it possible
to find enough serpents, and all the various species which it will be desirable to
review toxicologically from the new stand-point which we think we have estab-
lished.

We have forborne to overload this paper with comments on the later researches
of others, and have made the diseussion of our own work as brief as was consistent
with clearness,

In writing of the various substances contained in venoms, we have given them
names which are fairly deseriptive, but which, as in the case of the peculiar
peptone of Cobra, may perhaps excite eriticism.  Yet, however unsatisfactory our
method of nomenclature may be, any other plan of naming the curious bodies in
question would certainly have been even more misleading.



CHAPTER I,
PHYSICAL CHARACTERISTICS OF VENOM,

Physical Characteristics of Venom.—All serpent venoms are more or less alike
in appearance when fresh, They are fluids varying in color from the palest amber
tint to a deep yellow. Dr. Wall describes the Cobra venom as being occasionally
colorless. This peculiarity we have never seen in the fresh poison of any of our
serpents, except once in the coral snake; nor can the venom of one kind of snake
be distinguished with certainty by any physical peculiarity from that of any other,
however remote they may be in the scale of being,

When a fluid venom is allowed to dry slowly it presents no specific distinetive
appearances, 1f desiccated too rapidly, it may look a little more gray and opaque
than is common, but usually it dries into a beautifully cracked mass, deceptively
like an aggregation of crystals, and which is well represented in Fig. 2.

Fig. 2.

In this state it is in solid yellow particles, very fragile, bright yellow, trans-
parent or translucent, and seemingly indestructible by time, sinee the dried venom
of the rattlesnake, for twenty-two years in Dr. Mitchell’s possession, proved as
poisonous as that removed yesterday., It is equally unaltered by solution in
glyeerin, which keeps it permanently in unchanged toxic force, as we shall here-

(5
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after point out.' Neither does it appear to be injured when dry by mingling it
with pure alcohol, In fact any of these three means, desiceation, g]},'m.'.'fill., or
aleohol, preserves it well,

When fresh venom of any serpent is examined with the microscope it often
presents a variety of floating bodies which seem to be much alike in all cases, and
are very well shown in the plates of Dr. Mitchell’s former paper and in Vineent
Richards's reports. In healthy serpents, but lately caged, there are fewest of
these solid ingredients, as has been noticed by Richards, by Wall, and by 8. Weir
Mitchell.  The question of the toxicity of these suspended solids has again drawn
our attention to them, and we have had yet more careful and repeated microscopic
examinations made by Prof. Formad, He found, like other observers, that the
venom of the more vigorous snakes has the least visible solid matter ; but, as in the
use of the fang, the mucns and floating solids of the mouth must be considered,
and, as in collecting venom from the snake, more or less of the mouth fluids mingle
with the venom, it was thought well to reconsider the nature of the floating solids
from the point of view of toxic activity. For the better study of the solids found
in venoms we examined numerous specimens, and placed many of these in the
hands of Prof. Formad, from whose notes we select the following observations :—

A drop of fresh venom, taken directly from the Crofalus adamantens, was examined
with a ), Zeiss. homog. immersion lens ; amplification 800 dinmeters. The most
striking appearance which first meets the eye is a granular material seattered about
in masses of various size and shapes, resembling those formed by bacteria,  There
are also seen, in some cases, a few oval nucleated red blood-corpuscles, some leueo-
eytes resembling salivary corpuscles, and others corresponding to ordinary white
blood-corpuseles, the latter cells in an active state of ameboid motion.  There
were also observed several club-shaped epithelial cells covered with fine granular
material.

The granular matter first mentioned, and which scems to form the main solid
constituent of the venom, consists of two elements: Larger granules of an animal
or albuminous character, and a fine granular material of vegetable nature. The
albuminoid material is made up of minute particles ovoid, or somewhat irregularly
angular in shape, measuring about yglgy of an inch in their longest diameters,
These ovoid particles ave grouped side by side, from two to twenty in each collee-
tion, and are arranged so as to form single or double rows, or more often aggregated
into irregularly shaped clusters, which vary in size from ;}; to ;%5 of an inch;
the smaller masses predominating. The particles just described are colorless,
refracting, and in general give the impression of bacteria. They are, however,
distingnished from the latter in that they do not multiply in cultures, or respond
to the aniline dye test for bacteria.

There are usually numerous bacteria in perfectly fresh venom. All the smaller
particles and granular material are micrococei, measuring on an average ;.14 of
an inch in dinmeter, are perfectly round or somewhat ovoid, and oceurring singly,

v Dr. Mitehell poszessed a glycerin solution which was toxic after twenty vears.
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In pairs, or in zooglea masses. They are less refracting, and paler than the
albumineid particles described above, and respond promptly to the usual tests for
bacteria, viz: They multiply rapidly and absorb well the aniline dyes, thus form-
ing a marked contrast side by side with the animal granular material, which was
readily discolored under the influence of acid.

The epithelial cells seen in the venom are, as a rule, few in number, are squam-
ous or club-shaped, and in size not exceeding that of the red blood-corpuscle of
the serpent. Leucocytes are also few in number, and, as well as the epithelinm, are
mostly covered with micrococei. A few of the white blood-corpuscles do not appear
to contain micrococei, and in fresh venom, especially upon the warming stage,
exhibit a quite active amawboid motion. The venom of the moccasin presents the
sime appearances.

If fresh venom stands but a short time exposed to the air the micrococei mulk
tiply with remarkable rapidity, forming large, pale, motionless clonds; but, in
addition, multitudes of movable bacteria (the Bacterium termo and a bacillus—
probably Baciflus sultilis) gradually make their appearance.’

The globulous masses, above deseribed, may be collected by filtration, but as
this is often a difficult or even an impossible process with a fluid as viscous as pure
venom, and, as much is lost in the filter, another method was devised, and there-
after frequently used by us as an assistance in venom analysis, A tube, about 5
millimetres wide and 200 to 400 m. m. long, has a bulb blown on it midway, or at
the top, and is then closed above in the blowpipe flame, and strongly heated
thronghout. While hot, the lower end drawn to a point, is in like manner sealed,
After being cooled the tip is broken within fresh venom, which is forced up into
the tube by atmospheric pressure, The end of the tube is then onee more adroitly
sealed in the flame.

Thus prepared the tube is suspended, so that the solids of all forms settle in a
few days, while for this time, at least, the venom undergoes no such putrefactive
change as is inevitable when it is exposed to the air at our ordinary spring or
summer femperatures,

The solids, thus collected below, are easily separable from the supermatant venom
by breaking off the two ends of the tube and allowing the precipitate to escape,
with a minimum amount of liquid, from which washing in water easily separates
them.

The physical appearances of the venoms of the moccasin or of the rattlesnake,
thus secluded from the air in these partial vacuum tubes, undergo some curious
changes of much interest. :

The yellow coloring matter disappears from below upwards, and at last is seen
only at the top, where the venom is in contact with the small amount of air left in
the tube. At first, this change was presumed to be simply the rising of a pigment
of lesser gravity. DBut it was noticed that the layer of yellow was of no deeper
tint in its lessened bulk than when diffused. The fluid below it was left as

' Fresh venom, potrefied from long standing, appears to lose at least a portion of it8 virnlenee,
But this iz a point which is open to further observation.
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clear and tintless as water; but when re-exposed to the air once more became
yellow throughout, within one or two hours.

The yellow pigment of Cobra poison, when the dry poison was dissolved in water,
does not rise in the tube or disappear, but remains unaltered. It is desirable to
repeat these observations with fresh Cobra venom,

The cause of the disappearance and reappearance of the ecoloring matter of
venom we have not been able to explain to our satisfaction, and it is one of the
questions left open for inquiry.

The Specific Gravities of Venoms.—The specific gravity of the venoms of our
own serpents is as follows: —

Crotalas horridas . : ; 2 : = - . 1054
Crotalos atrox : ; . 5 ; . : . LT
Crotalus adamantens " y : - - d . L6l
Ancigtrodon piscivorns . ; i F : - . L.032

The specific gravity of Cobra venom is given by Wall at 1.058,
As to that of the Indian viper we can find no statement.
The losses of venom on drying were as follows : —

C. adam. ; : ; ; - ; « 25,15 per cent.
0. atrox . : : . : ¥ . R
Ancis, piscivorus ' p , . . T4
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CHAFPTER II.
THE CHEMISTRY OF VENOMS.

THE presence of alkaloids in venom, and especially of the ptomaines, has been
suspected, and these bodies have been repeatedly sofight for in vain. Gautier is
the only chemist we recall who asserts that he found a ptomaine in a venom
(Cobra). He does not state his processes, and we have been utterly unable to
substantiate his statements, Lest we should in some way have erred in the con-
duct of this part of our labor, we asked Prof. Wolcott Gibbs to examine Crotalus
venom with a view to detection of such a body. As regards this search he makes
the following statement :—

“ My investigation of rattlesnake venom had for its special object the comparison
of the venom with the higher alkaloids. As the quantity of material at my com-
mand was small, I was obliged to content myself with the application of the ordi-
nary tests used for the detection of alkaloids, as, for example, phospho-tungstates
and phospho-molybdates, iodide of mereury and potassium, ete. ete.  In many cases
precipitates were obtained, but these were in no case distinetly erystalline.  They
resembled, on the contrary, the precipitate formed by sodic phospho-tungstate in
solutions of albuminates in acetic acid. It seems, therefore, very improbable that
the venom contains an alkaloid in the sense in which that term is commonly
employed by chemists. On the other hand, it may still be fasie in character, even
if it be classed with albuminoids, since these are known to combine with platinous
evanide and with salieylic and other acids, exhibiting the properties of weak bases
az well as of weak acids.”

Venoms are of acid reaction, but when neutralized we have not observed any
precipitate in specimens of these poisons. :

When venom is taken from the Crotalus or Ancistrodon there is often observed
in the clear poison some insoluble whitish, granular matter, which soon settles to
the bottom,

The fasoluble Precipifute.—This insoluble matter, which we term the insoluble
precipitate, can be collected for examination by allowing the venom to stand in
hermetically sealed vertical tubes, as previously described. The precipitate soon
scttles to the bottom, the clear venom is then carefully drawn off, and the preeipi-
tate is repeatedly washed with distilled water and collected ; the washing process
is repeated until there is no trace of proteid reaction in the wash-water, or, in other
worils, until all of the soluble portion of the venom has been completely washed
from the precipitate.

When examined under the microscope this precipitate consists of irregular

2 April, 1886,
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masses of granular matter with epithelial eells and salivary corpuscles, and a few
flat crystals resembling cholesterin.

I'he precipitate gives no proteid reactions with the usual proteid color tests, is
insoluble in neutral saline solutions, and in weak or strong acids or alkalies. Boil-
ing seems to render the mixture clearer.

When injected into pigeons this precipitate does not appear to possess any toxic
properties,

The (Globulins,—1f, after the separation of the above insoluble preecipitate, the
venom be mixed with water and placed in a dialyser over running water it will be
found that within a few hours a whitish precipitate will oceur within the dialyser,
and should dialysis be continued sufficiently long the precipitate will have become
deposited in abundance. 1f<the precipitate thus formed be colleeted on a filter it
will be found that all of the coagulable proteids have been thrown down, since the
filtrate now yields no coagulum by brief boiling, although it gives a proteid reaction.

The precipitate 1s now washed from the filter and subjected to repeated wash-
ings and decantations with distilled water, until the wash-water gives no proteid
reaction. This purified precipitate is found to give reactions peculiar to the
glodlins ; it is insoluble in distilled water, soluble in dilute neutral saline solu-
tions, soluble in dilute acids and alkalies, becomes turbid at about 60° C,, and is
fully congulated at a point a little above 70° C.

The filtrate still contains some proteid in solution, since we find, by the usual
color and chemieal tests, a proteid reaction, although it is observed that no coagu-
lation occurs by momentary boiling, The filtrate is not precipitated by strong or weak
mineral acids, by solutions of ferric chloride or cupric sulphate, it is precipitated but
not coagulated by absolute aleohol, and if placed in a dialyser it will be found to be
readily dialysalble. These reactions it will be observed place the proteid which
remains in solution in the filtrate among the peplones.  But we shall revert to this
hereafter.

It will thus be clear that we have separated in venom representatives of two
distinet classes of proteids, one of which is insoluble in distilled water and coagu-
lated in solution by beiling, and another which is soluble in distilled water and
non-coagulable by brief boiling; the former belonging to the globuling and the
other to the peplones,

The substance, however, which we find belonging to the globulins is a complex
body in its composition, since, by appropriate processes, it ean be resolved into three
distinct principles, each of which is a globulin, but each having some properties
different from its fellows. Iu order to distinguish these principles we have named
them teater-venom-globulin, copper-venom-globulin, and dialysis-venom-globulin, the
names indicating the principal feature of the processes by which they are isolated
from each other. As there are some differences in the reactions of similar prin-
ciples in different species of venoms, we shall at first speak only of the venom of the
Crotalus adamanteus.

Water-venom-globulin.—We have already stated that when a solution of the
fresh or dried venom in distilled water is allowed to stand for some time, especially
if the quantity of water be comparatively large, a whitish precipitate occurs which
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settles to the bottom of the glass, leaving in the course of a few hours a per-
fectly clear supernatant liquid. If sufficient water has been added at first, the
addition of more distilled water to the supernatant liquid will not cause any
further precipitate.

The precipitate is now collected and repeatedly washed with distilled water and
decanted until the wash-water yields no proteid reaction.

The following gives the results of some of the many reactions upon the addition
of the various reagents used —'

Decided reactions with the usual proteid tests,

Botling—eanses eoagulation.

Sodie chloride (0 75 per cent. j—slightly soluble,

SIS 5 }—soluble, forming a torbid solution; the solution is not precipi-
tated by earbonie acid’ nor by the addition of ether.
—hoiling the solution causez congulation.
—the solution iz precipitated by saturation with sodie chloride.

Carbonie acid'—soluble.

Sodie carbonate—very soluble; solution not precipitated by earbonie acid.

Hydrochlorie acid (0 4 per cent. )—very soluble.

Metaphosphoric acid—insoluble.

Ovthophosphoric acid—dissolves

Sedie metaphogphale—insoluble,

Sadie orthophosphate—very solable,

Potazsic sulphate—very soluble.

Caleie chloride—vyery soluble.

Aeetic acid (5 per cent, }—very soluble,

Aeetic acid (glacial)—very soluble.

Coaguelaiion occurs at abont 64-73° C.

Since this body is precipitated by saturation with sodic chloride, and disselves
with difficulty in a 0.75 per cent. solution of sodic chloride, it seems more akin
to myosin than other of the globulins.

The Copper-venom-globulin.— After the separation of the water-venom-globulin
the filtrate gives well-marked proteid reactions and decided coagulation by boiling.
If now a few drops of cupric sulphate (10 per cent.) be cautiously added a second
precipitate will occur, and which can be separated as in the previous instance. In
adding the cuprie sulphate great caution must be exercised lest too much be added
with the result of a complete or partial re-solution of the precipitate.

The precipitate is sometimes comparatively slight at first, increasing upon stand-
ing, and complete within about twenty-four hours. The clear filtrate should give
no precipitate after the addition of a small amount of the copper solution and after
standing twenty-four hours longer.

! Tn all of these reactions with the globuling, unlezz otherwize apparent, about 1 e e of the
suslmndnd globulin in distilled water was placed in o small test-tube, and from one te two drops of
gtandari laboratory solutions of reagents were allowed to run down the inside of the tube.

We have made a large number of tests with various reagents, and from this number have selected
only such as will serve us some purposge in distinguizhing these diferent bodies.

* Where carbonie acid is vsed in these tests we have reference to the super-saturated carbonic
acid water (zoda water) of commerce,
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The precipitate thus obtained is washed as in the preparation of the water-
venom-globulin, and when thus purified it does not give any color reaction with the
ammonia or the ferrocyanide and acetic-neid tests for copper, and therefore cannot
be regarded as a salt of this metal.

The copper-venom-globulin gives the following reactions: —

Drecided reactions with the usoal proteid tests.
Sodic chloride (0 75 per wnt.}_insuluhlc,
{lo = }—insoluble,
—the addition of erystals of sodic chloride seems to dissolve it
elightly ; this solution iz eleared somewhat by boiling; ihe
same effect by boiling the suspended mixiure; the clearing

is mo doubt the result of the formation of coaguln,
Carbonic acid—insolable.

Sedie earbonate—very goluble, forming a beautiful clear solution ; boiling has no effect; the solu-
tion iz precipitated by carbonic acid.

Hydrochloric acid (0.4 per cent. )}—execedingly zoluble.

Metaphosphorie acid—insoluble ; boiling no effect.

Orthophosphorie acid—very soluble, forming an absolutely clear solution; boiling has no decided
effect.

Badic melaphosphate—insoluble ; boiling no effect,

Sodie orthophosphate—soluble in o mueh larger amount than is necessary in dissolving the wafer-
venom-glebulin ;. boiling has no c¢fect, unless to clear the
solution soeme.

Pulassic sulphate—insoluble ; boiling no effeet.

Caleie elilaride—less zoluble than weler-cenom-globulin,

Avelic acid {5 per cent. }—very soluble.

Acetie acid (glacial)—very soluble.

The Dialysis-venom-ylobulin.—"The filtrate, after the separation of the water-
venom-globulin and copper-venom-globulin, still gives a decided amount of coagula
by boiling, and also all of the characteristic color reactions for proteids. 1f the
filtrate be now subjected to dialysis, best by means of a large dialyser placed over
running water, in the course of twenty-four hours a considerable amount of pre-
cipitate will be deposited within the dialyser, and which may be collected on a
filter, and repeatedly washed as in the preparation of the preceding globulins.

If dialysis is carried on for a sufficient length of time the whole of this principle
will be precipitated, since the filtrate from the globulin will give no coagula by
boiling, nor any precipitate by strong nitric acid. A proteid still remains in solu-
tion, however, which has been already alluded to as being a peptone. This body
being less dialysable than the salts which hold the globulins in solution, still remains
in part within the dialyser, even when the salts are so fully withdrawn as to entirely
precipitate the globulins,

The dialysis-venome-globulin gives the following reactions:—

Diecided reactions with the usual proteid tests.

Sodic chloride (0.75 per cent. )J—insolulile,

(o0 = J—=slightly soluble.
(crystals}—more soluble, forming a very clondy solution ; bLoiling clears the
solution some; the snme degree of clearing does not oceur in
the mixture without the sodic chloride.

= the addition of earbonie acid to the solution with ervstals causes
a beautiful clear solotion, which is made clondy by boiling.
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Carbonic acid—soluble; eloudiness by boiling.

Sodic carlonale—very soluble ; boiling no effect.

Hydrochloric acid (0.4 per cont.}—very golubile,

Metaphosphoric acid—rendered of a yellowish tint; not appreciably dissolved ; boiling no appre-
cinble effeet.

Orihophosphorie acid—yery goluble; boiling no elfect.

sodie melaphosphale—yery soluble, forming a very clear solution ; boiling no effeet.

Sodie orthophosphale—slightly soluble; dissolving slowly in excess, forming a slighily turbid
solution ; Leiling clears absolutely.

Polassie sulphale—insoluble ; bailing no decided effect.

Caleie ehiforide—soluble by the addition of a comparatively larger amount; Dboiling canses
conzulation.

Acetic acid (5 per cent. )—very soluble.

Aeetic acid (glacial)—very soluble.

The Venom Peptone.— After the separation of the dialysis-globulin the filtrate, as
before stated, gives no coagula by brief boiling, but by testing with the usual proteid
tests very decided reactions are obtained. 1t is further found that if the above
filtrate is placed in a fresh dialyser, that the prineiple giving the proteid reactions
will readily pass through the membrane, ‘The fact that this substanee will dialyse
readily, and that it is not immediately coagulated at the temperature of boiling
water, and not precipitated by cupric sulphate and ferrie chloride, nor by neutrali-
zation, renders it certain that it belongs to a peculiar class of bodies which are
known as peptones, and which are ordinarily the result of peptic or tryptic
digestion. 'This peptone may also be prepared by briefly boiling the solution of
venom, which coagulates the other albuminous principles, and leaves this in solu-
tion; but the coagula caused by boiling the solution of Crotalus are so extremely
fine, that it is impossible to filter the mixture clear, even by repeated filtration
throngh many thicknesses (7) of the best filter paper; furthermore, continned boil-
ing caunses a breaking down of the peptone with the apparent formation of fine
coagula (see Cobra peptone, p. 17). We, however, prepared the peptone by
dialysis, and obtained the following reactions :—

No immediate coagulation at a temperature of 1007 C,

Full reactions with the proteid color tests.

No precipitale with weak or strong nitric acid.

Ferrie chloride—no precipitate.

Cuprie sulphafe—no precipitote.

Mercurie chloride—decided precipitate.

Absolule aleshol—precipitate ; precipitate rediszolved by the addition of water.

Meveuric nitrate—decided precipitate.

Polassic hydrale—precipitate by saturation; precipitate redizssolved by the addition of nitric acid,
forming a decidedly yellowish solution, which becomes decolorized by furiher
addition of acid.

Potagsic ferrocyanide tn presence of weak acetie acid—un precipitate.

To revert now to the globulins and their distinctive features, it seems clear that
these principles must exist in the venom as distinct bodies, and are not simply
representatives of a single globulin which have arisen through our manipulations.
The first distingnishing feature between them is represented in the process of
isolation, but if we place the reactions of the different globulins in parallel columns,
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we find that, while they have very close resemblances, as they naturally should since
they are so intimately related, they are very readily distinguished from each other.
The properties of all globulins are so readily affected by even the simplest manipu-
lations that it is likely that mere precipitation may affect them in regard to their
solubility, while drying may completely destroy this property. Having these facts
in mind, it seems almost a necessity that the processes through which we put these
globulins, in order to get them isolated in a pure state, has more or less modified
their chemical, and possibly their physiological properties.

The tests made with these globulins were all made at different times, the one
globulin was examined one day, and another on another day, so that the reactions
given are not absolutely accurate as a matter of comparison, but only relative, since
the standard of solubility, which was of course an arbitrary one, was simply carried

in the mind throughout the examinations. We believe, however, that they are

practically correct.

— -

Reagent.

Water-venom-globulin.

Copper-venom-globalin,

THalyzis-vouom-ghstal by,

Soddic ehloride (10 p. e.)
Carlonic acid

Sodie carbonale
Hydrochlorie acid (0.4 p. )
Melaphosphorie acid
(hethophospharic acid
Sodic mefaphosphate
Haodie ﬂrmnf.-ﬁ ophale
Potazsic sulphate

Calcic chloride

Avefie acid (5 per cent.)
Avetie acid (glacind)

_—

Holuble
Balulile
{ Very soluble; not

Lprecipitated by €O,

Yery soluble
Ingolalile

Soluble
Tnzoluble
Very solulile
Very soluble
Yery soluble
Very soluble
YVery soluble

Insolable
Ingoluble
Very soluble; pre-}
cipitated by '{Jl'.l, \
Vory soluble

Inzolulile

Very soluble
Ingoluble
Lesa solubile
Tnsoluble
Liza golulile
Soluble
Eolublo

Blightly soluble;
Soluble.

Yery goluble.

Very soluble.

{ Insoluble; rendered
Lol a yellowish tint,
Very soluble.
Yery soluble,

Still less soluble,
Insoluble,
Liess soluble,
Very solubile,
Very goluble.

The venom of the Moccasin (Ancistrodon piscivorus) was subjected to an analysis
similar to that of the Crotalus, the isolated proteids giving the following reactions:—

Werter-venom-globulin,

Dreeided reactions with the nsnal proteid color tests.

Botling—clears the mixtore without the apparent formation of any coagula.

Sodic chloride (0.75 per cent. )—insoluble.

(o )—somewhat soluble, solution not absolutely clear ; boiling clears
absolutely without the formation of coagula
(erysfals)—somewhat goluble; solution not precipitated by carbonie acid,

Carbonic acid—inzolnlle,

Sodie carbonate—soluble, forming slightly torbid solution; boiling clears the solution without
giving coagola; the addition of erystals of godie chloride to
the hot boiled solution canses o precipitate, this preeipitate
being eoagulated by boiling.

Hydrochlorie acid (0.4 per cent. }—somewhat soluble.

(5. J—soluble.

Metaphosphorie acid—insoluhble.

Crrfhinphozphoric acid—soluble,

Sodic mefaphosphate—slightly soluble; solution rendered clearer by boiling.

Sodic orthophosphate—soluble; solution renderedd abzolately elear by boiling.
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Potassic sulphale—eoluble ; solution rendered abzolotely elear by boiling.
Calcic chipride—soluble ; solution rendered clearer by boiling.

Acelie acid (5 per cent.}—insoluble.

Acetie acid (glacial}—insoluble ¥

Copper-venom-globulin,

Boiling—clears somewhat; no congnla,
Sodice chloride (0.75 per cent. )—insoluble,

(i - J—insolulile.
(crystals)—insoluble; boiling partially elears without the formation of any
coagula,

Carbontc acid—somewhat soluble; boiling clears absolutely,

Sodic carbonale—very soluble; boiling no effect.

Hydrochlorie acid (0.4 per cent, )—very soluble.

Metaphosphoric acid—inzoluble ; boiling appears to clear slightly.

rthophosphorie acid—yery soluble.

Sodic melaphosplale—insoluble; boiling clears somewhat,

Sodic orthophosphate—somewhat soluble ; boiling clears beantifully.

Potassic sulphate—insoluble ; beiling clears slightly.

Culeie chiloride—slowly dissolved; mnot so soluble as waterglobuling beiling gives a slight
clondiness,

Aeetic aeid (5 per eent. j—soluble.

Acetre acid {glacial)—soluble.

Dialysis-venom-globulin.

Boiling—rclears almost absolotely without the apparent formation of coagula; boiled selution
precipitated by saturation with crystals of sodic chloride.
Hodic ehloride (0.75 per cent, j—insoluble,

(10 L] J)—somewhat soluble; dissolves slowly, forming o slightly turbid
golution; boiling seems to clear some without the formation
of coagula,

Carbonic acid—very goluble ; slight turbidity by boiling.

Sodic carbonale—very soluble; boiling no effect.

Hydrochloric acid (0.4 per eent.}—very soluble.

Metaphosphoric acid—slightly soluble ; yellowish tint; boiling elears slightly with the formation
of coagula.

Orthophosphorie acid—very soluble ; boiling no effect.

Bodie metaphosphate—insoluble.

Bodie orthophosphale—soluble ; bailing no effect.

Potassic sulphole—somewhat soluble.

Calcic ehloride—very soluble, form a beautiful clear solution; beiling causes slight turbidity.

Acelic acid (5 per eent. )—soluble

Avelic acid (glacial)—soluble

Moccasin Pepione,

1. Readily dialysable.
2. Not immediately coagulated at a temperature of 100° C., but gradually congulated by pro-
longed Loiling (see Cobra peptone, p. 17).
Reaction with the xantho-proteie test (nitric acid and ammonia)
Reaction with Millon's reagent {mercuric nitrate)
No precipilntc with weak or strong nitric acid.
No precipitate with CO,
No precipitate with ferric chloride.
No preeipitate with cupric sulphate,

R R
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9. Precipitated by mercurie chloride

10, Precipitated by absolute aleohol,

11, Gives o faint reddish tinge with o strong solution of polassium hydrate, and a trace of copric
sulphate

12. Not precipitated by strong acetie acid (glacial).

15. Preeipitated by very dilute acetie acid ; precipitate being redissolved by further addition of acid.

14 Full reaction with Adamkiewicz's test for proteids.

15. Precipitated by adding a large quantity of sodium chloride, the precipitate being redissolved
on the addition of a large quantity of glacial acetic acid.

16, Precipitated by mercuric nitrate,

17. Precipitated by absolute aleohol ; precipitate being apparently redissolved on the addition of
witer,

18. Precipitated by saturation with potassinm hydrate ; precipitate being redizsolved by the adidi-
tion of nitrie aeid, with the formation of o decidedly yellow solution {xantho-proteie) which becomes
decolorized by addition of acid.

19. Precipitated by potassium ferrocyanide in the presence of weak acetic acid.

Venom-peptone by dialysis gives identical reactions.

For convenience of comparison we append here in parallel columns the principal
reactions of the Moceasin globuling, remembering in this connection the difference
in the properties manifest in their methods of preparation.

Heagent. Water-venom-globuling | Copper-venom-globiilin. | Malysis-venom-globulin,
8l :I e

Builing : Lhr.::'au];lumsl sl Clears some Clears some,
Soddic chloride (10 per cent. ) Homew hat soluble Insoluble Somewhat soluble.
Clarbonic acid Insoluble Somewhat solulile Very soluble.
Sadie carbonmle Zolahle Very soluble Yery soluble,
Hydrochloric acid (0.4 p. o) Homewhat solulile Very solubile Very solubile,
Metaphosphoric acid Inzalulile Insolulile Blightly solubile.
Orthophosphoric acid Soluble Yery soluble Yery soluble.
Sodie metaphosphate Homewhat soluble Tnrolulile Tigalulile,
Bodie erthophosphale Bolulile Lass goluble Ealuble.
Potassie sulphale Soluble Insoluble Blightly soluble
Caleic chloride Soluble Inzoluble Very soluble.
Aeetic acid (5 per cent.) Inzolubile Boluble Soluble,
Acelie avid (strong) Insoluble Bolubile Soluble.

For reactions of the peptones of the various venoms see p. 19.

Cobra Venom.—We have been able to isolate in Cobra venom only two proteids,
and these correspond in their characters to the two types of proteids found in
the venoms of the Crotalus and Ancistrodon, In other words, we have isolated a
globulin and a peptone-like principle.  The globulin we are able to precipitate
completely by the addition of a proper amount of distilled water, after which the
solution gives no coagulum by boiling. There is then left in solution a proteid,
which evidently belongs to the peptones, although giving some extraordinary
reactions,

The venom-globulin thus isolated and purified, as in the preparation of the
globulins previously mentioned, possesses the peculiar properties of the globulin
family, and, in accordance with our nomenclature, since it is entirely precipitated
by the addition of distilled water, is a water-venom-globulin.
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The following are some of the reactions given by this substance (the waler-vencmn-
glofulin suspended in distilled water):—

Potling—eongulates,
Sodie chlordde (0.75 per cont. )—insoluble.
(1o ca J—snluble; hoiling gives slight turbidity,

—sodic chlovide solution apparently unalfected by earbonie acid.

Carbonie acid’—insolohle,

Bodie carbonale—soluble, slightly turhid soletion; beiling makes perfectly clear,

Hydrochioric acid (0.4 per cent.)—soluble,

Metophosphorie acid—insoluble ; boiling no appreciable effect,

Urthophosphoric acid—yery soluble; boiling makes solution abzolutely clear

Sodic metaphosphale—insolubile; boiling no approciable effect.

Sodie erthophosphaf—somewhat soluble; boiling renders perfectly clear.

Potassic sulphate—somewhat soluble.

Calcte chloride—soloble ; opalescence of solution inereased by boiling,

Aeetic acid (5 per cent.)—solnble.

Aeetic acid (glacial)—soluble,

Cobra-venom-peptone.—The venom-peptone from Cobra may be prepared by
boiling, thus coagulating the globulin, or by dialysis. Great difficulty is expe-
rienced in the former process, since the eoagula are so fine that it is impossible,
save in rare instanees, to obtain a clear filtrate, and as to these we have no explana-
tion to offer for the exception. The peptone prepared by boiling or by dialysis
gives identical reactions.

Before detailing the reactions of this body it may be well to notice a peculiar
property exhibited by all venom-peptones which gives them a very distinguishing
feature. After boiling the venom for a few minutes and then filtering, the filtrate
will again give further coagula by continued boiling, and so the process of boiling
and filtering, and reboiling the filtrate may go on repeatedly, yet the clear filtrate
will in every instance give fresh coagula. Indeed the boiling process may be con-
tinued for an hour or more, and yet at the end of that time the filtrate will still
yield coagula. However, after the venom solution has once been boiled, coagula-
tion does not recommence in the filtrate until it has been boiled for a few moments.
These most interesting facts suggest that the coagula formed after the first boiling
are due to a gradual decomposition of what is in some sense a non-coagulable pro-
teid, since coagulable proteids all coagulate at once and completely when a definite
temperature is reached ; the coagula which follow repeated or prolonged boiling
appear to be due to such a decomposition of proteids as violent chemical or physi-
cal action could alone account for.

It seems to us perfectly clear that the body which is thus gradually broken up
by prolonged beiling is a pepfone. Our principal reasons for this belief are that
the body so coagulated is very readily dialysable, is not precipitated by ferric
chloride, or cupric sulphate, and in the case of the Cobra is not precipitated by abso-
lute aleohol, or mereuvic chloride, is not coagulated below the boiling point, and in
fact not until boiling has gone on for a few moments. The following reactions
seem to be sufficiently characteristic.

These results we obtained from a solution of the Cobra-venom-peptone obtained

3 April, 18848,
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by dialysing venom for forty-cight hours. The dialysate was perfectly elear and
neutral in reaction ; —

Boiling—no resalt until after a few moments, when it beeomes cloudy, the clondiness increasing

as boiling continues ; strong nitric acid dissolves the precipitate,

Color veaclions for profeids—the xantho-proteie, Millon and Biurel reactions are all oblained,

Ferrie ehioride—no effect,

Cupric sulphafe—no efleet.

Merewrie chloride—no r'rg:i"q:q .

Mercuric nilvate—decided precipitate,

Abzalute aleohol—no precipitate,

Potazsic ferrocyanide 4= weak acelie acid—precipitate.

Nilrie acid (sfrong)—no precipitate.

Hydrochlorie acid {strong)—no precipitato.

Avetie acid (lrong)—no precipitate,

Sedic ehloride (saturation)—precipitate; acetic acid, large quantity, dissolves.

Fotassic hydrate fo safuralion—precipitate,

Tannie acid—idecided precipitate,

Basie acelate of lead—devided precipitate.

Severnl very remarkable facts are the-coagulation by prolonged boiling and the
non-preeipitation by mercurie ehiloride and absolute aleohol.  Sinee this peptone
is precipitated by weak acetic acid in the presence of potassic ferrocyanide it has
a slight resemblance to Meissner's A peptone, although materially differing, as
some of the above reactions show, from any other deseribed body of this class,

As a matter of some interest, it is desirable to know if similar globulins in
different venoms are identical in their chemical nature, or whether they give any
reactions which may distinguish them. We have accordingly, as in previous cases,
placed the reactions of the corresponding globulins side by side.

1. Water-venom-gloludin.

Heagent. Crotalus horridus. Apcistrodon placivoris, Colirn,
1 |

Roiling | Coagulates Apparenily dissolves Congulates,
Seddic chloride (10 per cent.) Holulle omewhat soluble Holuble,
Carbonic acid Soluble © Insoluble Tnsoluble,
Sadic carbonale Eoluble Holuble HEolubile,
Hydrochiorie acid (0.4 p.e.) Soluble Bomewhat soluble Saluble,
Metaphosphoric acid Inzoluble Insaluble Tnsolnble,
Chihaphosphoric acid Solulble Soluble Solulile,
Rodie mefaphosphate Inzalubic Eomewhat soluble Inzoluble,
Sadie orthophosphate Very soluble Solulile Somewhat soluble,
Potassic sulphale Very soluble Sluble Homewhat soluble,
Caleie chiloride Yery soluble Saluble Soluble.
Aeette acid (5 per cent. ) Holuble Inzalulile Soluble,
Aeetic acid (strong) Solulile Inzoluble Solable,
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IL. Copper-venom-globulin,

— — e p— - — S

[ |
Reagent. Crotalus horridus. | Auncistrodon piscivorus.

Boiling Congulates Apparently dissolves.
Sodic chioride (10 per cent. ) Insolubile Tuzolulile.
Carbonie acid Tnzolubile Somewhat goluble,
Sodic carbonate Very soluble Very soluble.
Fydrochloric acid (0.4 p. o) Yery soluble Very soluble.
Metaphosphorie acid ; Insoluble Insoluble.
Orthophosphoric aeid Very zoluble Very soluble,
Sodic mefaphosphate Inzoluble Inzoluble,
Sodie arthophosphate Solubla Soluble,
Pofassic sulphale Inzoluble Ingoluble.

- Clalete eliloride Boluble Inaoinlile,
Acetic acid (5 per cont.) Solubla Soluble.
Acetie acid (glacial) Soluble Solulbile,

1. Dialysis-venom-globulin,

Heagent. Crotalus ndamantens. Ancistrodon plseivorus.
Hoiling Coagulation No coagnlation ¥
Soudic chiorede (10 per cent.) Somewhat seluble Somewhat soluble,
Cavbonic acid Boluble Very soluble,
Sendic carbonaty Very zoluble Very soluble,
Ihpdrochloric acid (0.4 p. c.) Very soluble Very soluble.
Metaphosphoric acid Inzolubile Slightly soluble.
Orthophosphoric acid Very soluble Very soluble,
Sodie melapfiosphala Yery soluble Insaluble.
Sodie orthophosphate Solulle Soluble.
Polassic sulphale Insoluble Blightly solulile.
Calete chiloride Zolohle Very soluble,
Acetic acid (5 per eent.) Holuble Soluble.
Acetic actd (glacial) Soluble Solable,

. S

It will be noticed by a careful comparison that the corresponding prineciples in
different venoms differ quite as much from each other as the globulins in any one
variety of venom.

Venom Peptones.—We have not been able to deteet any chemical differences
in the venom peptones of the Crotalus and Anecistrodon. Cobra venom peptone
is distinguished from that of the Crotalus and Ancistrodon by its non-precipita-
bility by mereuric chloride and absolute aleohol.

Daboia Venom.—We have had a small quantity (a few grains) of Daboia venom
at our disposal, but too little to attempt any detailed chemical investigations, In
two examinations, however, with very small quantities, we separated two bodies
corresponding to those in Cobra, that is a water-venom-globulin and a peptone.  'The
former exists in exceedingly small quantity while the latter dialyses with appa-
rently much more difficulty than that of the Cobra,

The Proportions of Proteid Constituents in Different Venoms.—An examination
of good sp-cuimﬂaﬁ of the dried venoms of the Cvotalus adamantens, Ancistrodon
piseivorus, and Cobra gives us the following proportions of the globulins and

peptones :—
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Crotalus adamantens—
Lo gram dricd venom = water-venom-globulin - 0.0495
copper- venom-globulin - 0.0375
dialysis-venom-globulin 0. 0360

0. 1230 = glohuling,
08770 = peplone’ (estimated. )

Aneistrodon piscivoris—
. 3364 gram dried venom = waler-venom-globolin -~ 0. 0064
copper-venom-globulin - (L0152
dialysis-venom-globolin 0.0047

0.0263 = globulins.
03101 = peptone’ (estimated ).
Aceording to this cstimate there would be in 0.5 gram 0.0391 globulins,
0, 4605 peptone.”

Cobira—
0.2 gram dried venom = water-venom-globulin - 0.0035
peptone’ 01065 (estimated).
According to this estimate there would be in 0.5 gram 0.0087 globulin,
04912 peplone.’

From these analyses it will be observed that the dried venom of the Crofalus
adwmantens contains 24.6 per cent, of globulins, the Ancistrodon 7.8 per cent.,
and the Cobra 1.75 per cent. The globulins in the Crotalus venom appear to be
in almost equal proportions, while in the Ancistrodon the copper-venom-globulin is
about five times greater than the water-venom-globulin and about four times more
than the dialysis-venom-globulin—the two latter being nearly in the same propor-
tion—therefore constituting more than half of the entire weight of globulins.

These differences in the proportions of the various globulins in any specimen of
venom and the differences in the proportions of globulins and peptones in different
venoms are of immense importance in affording an explanation of the physiological
peculiarities exhibited in poisoning by different species of snakes. It will be
observed that the proportion of globulins in Crotalus is over three times the
quantity in the Ancistrodon, and nearly fifteen times that in the Cobra.

! Including the salts, which are fn very small guantity.



EFFECTSE OF VARIOUS AGENTS ON VENOM, o1

CHAPTER I11.
EFFECTS OF VARIOUS AGENTS ON VENOM..

Ejfects of Various Agents on Venom.—The influence of acids, alkalies, and salts
on venoms has been studied by several observers, with results which vary remark-
ably; so that for this and for other reasons there is still room for research of this
nature. The questions thus brought up have a twofold interest, the one chemical
and the other toxic. Numerous bodies precipitate or dissolve venoms; but among
those which most plainly alter these poisons, only a few so change them as to
lessen or destroy their poisonous efficiency. Unfortunately, that which alters the
poison as such, is always equally destructive to the tissues of the body, and no
agent as yet employed can be shown to have the power to enter the blood, and
there affect the venom withent doing harm to other albuminous substances. So
far, we have learned only that amidst the agents which precipitate venom, there
are some which weaken or annihilate its toxic force. They ean be thrown into
the fang tracks, and where they are made to mingle with the venom will destroy it
as impartially as they do the innocent tissues in which it lies.

It may not be out of place to remark that we have made no dirvect study of
agents as antidotes. Too much yet remains to be known of these poisons before
we can hope to find a means of antagonizing them physiologically. Our local or
chemical antidotes are sufficiently effective.

Effect af Desiceation of Venom.—Allowed to dry at ordinary temperatures, the
venoms retain their poisonous activity almost unaltered. When again water is
added they act as usual, except that, owing perhaps to imperfections in redissolu-
tion, they do not produce as much local effect within as short a time as do the
fresh fluid venoms, Neither, it may be added, is the general toxic influence quite
as rapid when venom has been once desiceated.

The Effects of Various Agents on the Toxicity of Venoms, Age.—Some fresh venom
of the Crotalus horridus was dissolved in an equal quantity of pure glycerine and
the vial corked and sealed in 1863, In November, 1882, the contents of the vial
were examined. The solution was perfectly clear, and had at the bottom a small
mass of what appeared to be a fungous growth. Some of the venom was now
injected into various animals to test its toxicity. The following experiment attests
its power :—

Experiment.—Tigeon. Injected, at 5:12 . M., into the muscles of the thigh
about six drops of the above glycerin solution,

G:14. Animal decidedly weakened,
5:23. There is considerable blockening of the tissues about the point of injection, the paris
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being much swaollen, the leg stiff, the muscles at the point of injection are paralyeed, and
sensibility of the leg destroved,  The pigeon lies on its side unable to stand, is excecdingly
prostrated, and breathes laborionsly,  Observation now ceased until 8 A, M. following morn-
ing, when the unimal was found dead and in general rigor mortis, exceptivg the muscles at
point of injection.

Aufopsy. —The tissues were dork, congested. and soffused with serom for an arca of one
and a hall inehes from point of injection.  The vizeera of the thoracic and abdominal cavitics
appeared slightly congested ; the heart was arrested in systole and contained dark clotz; the
blooal |:~1.'q-r_l|.'1.\-l||-r-_~ was dark and clotted.  Microscopically the mosenlar Gbres did not appear
to be greatly disorganized, although in some of the fibres no transverse strie or nuelei could
be discovered.

The Effects of Dy Heat. Erperiment.—0.03 gram of dried (Crotalus adam-
anfews) venom was subjected in a dry oven to a gradually rising temperature to
83.5° C., and maintained at this point for half an hour. The venom, after cooling,
was dissolved in 1 c. e. of distilled water.

2:567. Injected the above into the thigh of o pigeen.
4:49, Violent couvulsions and death.  Loeal effects deeidedly marked,

Experiment.—Repeated the above, but subjecting the venom to a temperature
of 100 C. for ten minutes.
8:42. Injected into the thigh of a pigeon.
f:000. No decided symptoms.  On the following morning the animal was dead.  The logal
effects wire marked,
Experiment.—Repeated the above, but subjecting the venom to a temperature
of 1107 C. for thirty minutes.

4:46. Injected into the thigh of a pigeon.
5:25. Convulsions,
5:45. Died. The local effects were morked.

From these results it seems clear that heating the dry venom to a degree above
boiling point does not apparently alter its poisonous activity. The delay in
the occurrence of death in the second experiment suggests that the venom was
altered, but in the third experiment in which the temperature was even higher,
and this degree of heat maintained for a much longer time, death occurred even
sooner than in the first experiment, showing that the differences must have been
dependent upon conditions in the animals.

The Effects of Moist Heat.  Erperiment.—003 gram dried venom (Crofalus
adamantens) was dissolved in 1 e. c. distilled water, and gradually heated until a
flocculent precipitate oceurred.

This was injected into the thigh of a pigeon in the evening.  The next morning the animal
wis fonnd dead.

Experiment.—0.03 gram dried venom (Crofalus adamantens) was dissolved in
1 ¢. e. distilled water and subjected to a gradually rising temperature to 50° C.

3:49. Injected the above into the breast museles of a pigeon.

8:51. Very weak, pupils apparently eontracted, trembling; breathing laborious.

4:00. Dead. At the point of injection the tissues were deeidedly congested and purplish
and suffused with blood.  The bood generally was fuid, bot some soft elots were found in the
ahdominal vessels.
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Ezperiment—Subjected a similar amount of venom in solution to a rising

temperature to 63° C,

4:00. Injected into the breast muscles of a pigeon.

4:05. Head depressed.

4:10. Very weak, falls on the zide. :

5:02, Dead. The loeal effect iz not so0 marked as in the previous experiment.  The injee-
tion was merely subeutaneons.  The viscera did not appear congested or abnormal; the heart
was arrested in syztole; blood everywhere fluid and dark ; no ceehymoses in the peritoneum;
musgcles appear darker than normal.

Erperiment.—Repeated the above, but increasing temperature to 74° C.

4:13. Injected into the breast muoscles of a pigeon.

4:19. Weak, falls on side.

H:05. Dead.  Blood clotied; loeal efect the same as in previous experiment.

Lirperiment.—Results the same as in the last experiment, excepting that the local
effects were more marked. This animal lived a half hour longer than the last,
which will probably account for the difference.

Experiment.—The same, but subjecting the solution to 76.5° C.

4:04. Injected into the breast muscles of a pigeon,

4:27. Unable to stand,

G:00. Nearly dead.

Following morning. Extremely fechle, too weak to stand; there is a muco-sangainolent
discharge from the bowels.

Becond day. Very feeble.

Third day. Recovering.

Experiment.—The same, but subjecting the solution to 79.5° C.

4:00. Injected into the breast muscles of o pigeon.

§:60. No symptoms,

Following morning animal well.

Experiment.—The same, but subjecting the solution to 81° C.

4:31. Inmjected into the breast museles of o pigeon.

4:45. Apparently a little stupid.

6:50. No further effect.

Following morning. Animal well.

Sccond morning. Animal well.

Experiment.—DBoiled a similar amount of solution for two minutes.

8:26. Injected into the breast moscles of o pigeon.
4:30. No effect.
Following morning. No effect.

The above very interesting series of experiments clearly shows that the effect
of heat on a solution of vemom is very positive, that the toxicity of venom is
decidedly affected, and that the greater the increase of temperature between
certain limits the greater is the destruction of the poisonous power of the venom.
It will be observed in the second experiment, which is the first in which any
positive temperature was observed, that the animal died in about fen minufes after
injection; in the third experiment in about ene lour; in the fourth and fifth
experiments in about threefouwrths of an hour, and an howr and threequarters
respectively; in the sixth experiment in about fwo fours; the animal was nearly
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dead, but finally recovered in the seventh experiment and in the subsequent ones
there were no poisonous symptoms, 1t will thus be observed that there is a gradual
impairment of the toxicity of the venom increasing with the increase of tempera-
ture, and that when we reach 76.5° C. we have almost reached the temperature at
which toxicity seems to be completely destroyed. We say seems completely
destroyed, beeause we have found that the solution is still toxic even when boiled,
although there is not sufficient active poisonous matter left after boiling in the
small amount of venom we used in this group of observations to cause decidedly
poisonous effects in pigeons,

The results of boiling solutions of Moccasin and Cobra venoms are quite different
from the above, as the following experiments clearly show:—

Experiment—Dissolved 0.015 gram dried Moccasin in 1 ¢ e distilled water,
and gradually heated to 78° C.

J:40. Injected into the breast of a pigeon,

3:50. Roecking,

4:45, Nearly gone; some local effect.

Following morning the aninal was demd. The loeal effect (darkening) was marked, but
not comparable to that cansed by the unboiled venom,

Exzperiment,—DBoiled 0.015 gram dried Moccasin ( piscivoris) dissolved in 1 c. e,
distilled water for one minute.

3:28, Injected the above into the breast moscles of a pigeon.
#:35. Too weak to stand.
4:15. Dead. There are no local effects,

FExperiment.—Dissolved about 14 minims of fresh Moceasin venom in about 1
c. ¢, distilled water, then boiled in a test-tube, filtered and injected ene-half into
the breast muscles of a pigeon at 4:30,

4:66. Yery slight lecal offect ; darkening and swelling ; the animal is weak and has respi-
ratory disturbance.

Injected the other half,

5:00, Roeking; irregular breathing ; somewhat stupefied.

5:20. Eyes closed; stupefied ; breathing irregalar.,

Following morning. There was a large, light-colored, axdematons swelling (see Plate No. 1)
within, which was a cavity abont an inch in dinmeter, foll of brokensdown tissue, having o
grayish muddy, gangrenons appearance, and a potrefactive odor, while the surrounding
muscular tissues were normal in appeasrance.

It will be observed in this series of experiments with the Moeeasin venom that
there is also a very decided alteration in the poisonous properties of the venom.
But here we find that although the amount of venom used was only one-half the
quantity employed in the Crotalus series, boiling does not destroy its ability to
kill. It will also be noticed here, as in the case of the Crotalus, that a sufficient
degree of heat has an obvious effect on the power of the venom to produce the
peculiar lesions at the point of injection.

The effect of heat upon solutions of Cobra venom is not so marked.

Erperiment.—0.03 gram dried Cobra venom was dissolved in 1 e e, distilled
water and subjected to a temperature gradually rising to 74° C.

4:10. Injeeted into the breast muscles of a pigeon.

4:16. Unabile to stand.

4:20, Dead.
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Experiment.—The same, excepting that the temperature was raised to 79.5° C,
4:12. Injected as above.
4:21. Unable to stand.
#:25. Dead.

Experiment.—The same, solution being brought to boiling point in a test-tube.

4:45. Injected into the brenst moscles of o pigeon,
e, Tnable to stand.
5:03. Convulsions followed by death.

Experiment.—0.015 gram dried venom dissolved in 1 c. e. distilled water and
boiled in a test-tube for about two minutes,

3:51. Injected into the breast muscles of o pigeon.
4:15. Unable to stand.
4:22. Dead. No local effects,

From these experiments it appears that the toxicity of venom is not impaired by
brief heating as high as 79.5° C,, the time of death being in these experiments
about the same as with the unheated solution. In the last two experiments in
which the solution was boiled, the time of death is delayed, especially so in the last
c:{pm'ir-nel'lt, but here it must be observed that but one-half the dose was used.!

In one experiment made on the venom of the Copperhead (Ancistiodon contor-
triz) the effect seemed to be in degree between that of the Crot  ws and Ancistrodon
PESCITOrs.

Experiment.—0.03 gram dried venom was dissolved in 1 c. ¢. distilled water and
boiled in a test-tube for two minutes,

5:00. Injected into the breast moscles of o pigeon.

5:10. Unable to stand.

5:20. Incodrdination.

G:00. Very weak.

Following morning. Dead. There were very slight local effects; the blood waz elotted in
goft black clots; heart arrested in gystole, aurieles full of elotz.  The interfor of the thoracie
cavity had a mucky brownish appearanee ; the viscera did not appear congested, and there
wera no eechymoses,

A similar dose of the unheated copperhead venom kills promptly with decided
local effects. It will thus be apparent that boiling decidedly alters its toxic power.

The effect of boiling on the venom of the Crotalophorus is as decided as on that
of the Crotalus.

Experiment.—Two drops of the fresh venom of the Crotalophorus was dissolved
in 1 e. e. distilled water and boiled for a moment.

4:58. Injected into the breast muscles of a pigeon.

6:15. In good condition; mo symptoms up to this time, exeepting o little tendency to
droap.

Following evening. Animal normal.

The venom of the Coral snake (Elaps fulvius) is affected to a less degree.

' Yery prolonged boiling, as has been shown by Fayrer and by Ward, lessens greatly, and at
lagt destroys toxieity in cobra venom. The efficient cobra peptone is, as we bave seen, converbed
into a coagulable albuminoid, whick is then incapable of destroying life.

4 April, 1886,
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Experiment.—Boiled 0.015 gram dried Coral venom dissolved in 1 c. . distilled
wiler,
Time of injection ¥
H:45. Vory weak.
fi:00, Nearly dead.
G:10. Deml.  No loeal effects.  Blood coagulates perfectly.

A smaller amount of venom unboiled kills in from 10-15 minutes with decided
local effects,

From the experiments with the venom of the Crotalus adamanteus detailed above
it appears as though the toxicity of the venom was completely destroyed by boiling,
but Weir Mitchell found some years ago that boiling did not destroy the poison-
ousness of the venom of the Crofalus durizsis, and further work of our own led us
to believe that the want of toxicity of our boiled solutions was only apparent, and
that there was accordingly a poisonous principle still present, but not in deadly
quantities. We therefore made some further obzervations, using larger amounts of
venom.

Erperiment.—Dissolved three drops of fresh Crotalus adamanteus venom in 1.5
c. ¢. distilled water and boiled.

4:40, Injected into the breast moscles of a pigeon.

6:10. No positive effects.

Following morning. Dead, no characteristic local effects,

Experiment.—Dissolved 0.12 gram venom (Crofalus adamanteus) in 2 ¢, ¢. dis-
tilled water and boiled for two or three minutes.

4:40. Injected the above into two pigeons, giving each half,

Dieath within fourteen hours in both pigeons.  There was some slight local effect, Lut
nothing comparable to what is observed in the unbeated venom.  There were no extrovasa-
tions, and the Llood was elotted. The gtench from putrefaction at the points of injection
wiz very great, and the muoscles aroumd them presented a ||u||.'-E;ru._'|.'i5||. color as llll.ll]Ell they
bl been boiled.

A like resnlt was obtained in the case of another pigeon experimented on in the
game way.

From the above series of experiments it is perfectly clear that heating the dis-
solved venom beyond a definite point, varying no doubt in different venoms, lessens
its toxic power. Boiling for some minutes does not destroy the poisonous capacity
of the venoms, but simply impairs this quality to a varying degree, depending upon
peculiarities in the toxic constituents, as we shall hereafter have reason to observe,

Fayrer and Wall, as already noted, found that profonged boiling of solutions of
Cobra venom completely destroyed the poisonous activity of that secretion. We
accordingly made some similar experiments with solutions of the venom of the
Crotalus adamantens with analogous results,

Exzperiment.—0.03 gram of the dried venom of the Crotalus adamaideus was
dissolved in a little distilled water and boiled for ten minutes in a water bath
After being allowed to cool it was injected into the breast of a pigeon.

56, Injection practised,
07, Weak.
00, Convulsions.

B Bg e i

37, Simee lost observation bas been lying on ils side, very weak.
43, Dread

[ L)
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In a subsequent experiment the solution of venom was boiled for forty minutes.
Three minutes after the injection the pigeon vomited; no other toxic symptoms
were observed,  In another experiment, in which the venom was boiled for one
hour, no symptoms oceurred but vomiting.  Both of these pigeons were watched
for three days, but in neither of them did any poisonous symptoms ensue.

The Effects of Aleokol.—When alcohol is added to fresh venom or to an aqueous
solution of venom a copious white precipitate oceurs.  The following experiments
were made to determine if the active principles were entirely precipitated by the
alcohol, and if the precipitate was poisonous.

FExperiment.—Four drops of the venom of the Crotalus adamantens were placed
in 1 e. e. absolute aleohol. The precipitate was filtered and washed with an addi-
tional amount of aleohol, the filtrate then being evaporated spontaneously to 1 c. .

The precipitate was placed in 1 e. e, distilled water and injected into the breast
muscles of a pigeon at 5:11.

5:17. Too weak to stand.
5:21. Dead. There was very little local efeet.

The filtrate was injected into another pigeon, as above, at 5:22,
5:26. Vomits; no further effects,

From this experiment it is obvious that the presence of aleohol does not destroy
toxicity. Further observations were made to learn the effect of a more prolonged
action, and if the precipitate was soluble in water.

Experiment.—0.06 gram of dried Crofalus adamanteus was dissolved in 3 minims
of distilled water and this was added to 3 c. ¢. absolute alcohol (Squbb’s) causing a
dense precipitate. The mixture was allowed to stand for three days, It was then
filtered, the precipitate being several times washed with the filtrate and finally with
fresh absolute alcohol.

The precipitate was finally washed from the filter by distilled water, allowed to
dry, then digested in distilled water for twenty-four hours, and, after being filtered,
was washed with distilled water. The filtrate was cloudy, and on being allowed to
stand for one and a half hours cleared somewhat, there being an upper layer of
clear fluid and some sediment,

One-fourth of the filtrate was now injected into the breast muscles of a pigeon
at 4.43.

4:54. Unable to stand.

H:10. Dead. There is excecdingly little local effect. The tissoes at point of injection
are suffused with blood.

H:45. Blood still fluid.

To one-fourth of the filtrate one minum of acetic acid was added, which cansed
the mixture to become clear.
4:41. Injected into o pigeon as above.
4:52. Rocking.
4:54. Down.
5:58. Dead. There 15 absolutely no local effect and there iz no suffusion of blood in ihe
tissues as in the previous experiment.
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To one-fourth of the filtrate a few erystals of sodic chloride were added, which
rendered the solution clear,
4:4%. Injeeted az before.
4:55. Rocking,
4:5%. Down
5:57. Dead. The local effect 45 infenge; great blackening and infiltration of fuid blood.

It will have been seen that even after subjection for three days to the action of
absolute alcohol the venom has not lost its toxicity. It further appears that the
addition of acetie acid or sodic chloride, while rendering the undissolved material
soluble delays the time of death, and that the local effeets of the poison are
destroyed by the acid and intensified by the sodic ehloride. The action of the
acid is probably due either to a powerful local constricting action on the tissnes or
else to a modification of the properties of the poison. We can give no reason
for the cause in the delay of death after the addition of the sodic chloride. As the
animal in this observation lived longer than in the first, the increased local effect
may be in this way partially accounted for.

The filtrate becomes very turbid by boiling, and gives a decided precipitate with
nitric acid, thus proving that the water has actually dissolved some of the precipi-
tate, and consequently that the toxicity of the filtrate cannot depend merely upon
the undissolved particles of precipitate carried through the filter.,

It is interesting to learn whether aleohol dissolves any poisonous element of the
venom, In one of the above experiments the only effect following the injection
of the aleohol filtrate was vomiting, but the objection may be made that the alcohol
was in sufficient quantity to act as a physiological antidote to any poisonous ele-
ment of the venom which it might have contained. We therefore made a further
test of this matter by using Cobra venom, which is more powerful than that of the
Crotalus, and nsing it in larger quantities,

Ezperiment.—Dissolved 0.1 gram Cobra venom in two drops of distilled water,
and digested in 2.5 e. c. absolute alcohol for about ten days. “The mixture was
then filtered, and the filtrate evaporated spontancously to § of a e.e. This was
injected into a pigeon without any effect.

The following observations with Cobra venom are of great value as throwing
light upon the different results obtained by various investigators in studying the
action of alcohol on venom. In this series of experiments varying proportions of
water were used to dissolve the venom.

Erperiment.—Dissolved 0.02 gram dry Cobra venom in three drops of distilled
water, then added 1 c. ¢. absolute aleohol and filtered.

(1.) 4:37. Injected into the breast of a pigeon the above jfillrale—no symptoms,
(1L} 4:41. Injected the precipifate in a little water.
4:50. Dead.

Experiment.—Dissolved 0.03 gram Cobra in fen drops of distilled water and
added 1 c. e. absolute alcohol and filtered.

(1) 5:00. Injected the filfrale as above,
H:30. Sick
5:53. Unable to stand; extremely feeble.
9:00, Dead.
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(IL} 5:05. Injected the precipilate with water.,
H:07E. Dead.

In the first series the results are the same as in previous experiments, but in the
second series, where a much larger quantity of water was used, the filtrate caused
deuth in fifty-five minutes, thus proving that if sufficient water be present, enough
of the poison is carried with the filtrate to cause death, notwithstanding the larger
amount of alcohol present and its attributed antidotal action,

The Action of Absolute Alcohol wpon the Dried Venom.—If dried venom be
placed in absolute alcohol and the mixture allowed to stand for some time, even
for months, it will be found that the venom undergoes no change in its poisonons
activity, nor does it appear that the alechol dissolves out any of the poisonons
prineiples, since it is found to be innocuous after injection, and does not give any
reaction for proteids.

The Effect af the Caustic Allalies on the Toxicity of Venoms. Caustic Potash.—
When ecaustic potash is added to a solution of venom the latter becomes perfectly
clear. If the quantity of salt added to the solution is below a definite limit no
decided alteration in the capacity to kill is noticed, but as this quantity increases
obvious results are observed, first a diminution in the activity of the poison, and
at last a complete loss of toxicity.

Experiment.—Dissolved 0.03 gram dried Crotalus adamanfens venom in 1 e, c.
of distilled water in which was previously dissolved (L0037 gram potassic hydrate,

8:45. Injected into the breast of a pigeon,
4:48. Weak.
5:00. Unable to walk; 6:00 ditto.

G:30. Dead, Heart arrested in systole ; no ecchymoses ; well-marked local effect ; blood
fluid ot the end of sixteen hours

Experiment.—The same as above, using 0.0075 gram potassic hydrate,

3:43. Injected.

5:00. Weak,

G:00. Wenker; slight Jocal effect.

Following morning. Animal living, bnt weak ; the local offect is well marked.
Experiment—The same, using 0.015 gram potassic hydrate,

3:47. Injected.

T:00. No symptoms up to this time.

T:30. Bickish.

Following morning. Sickish; some slight loeal effect at point of injection.
Erperiment.—The same, using 0.03 gram potassic hydrate.

3:50. Injected.
T:00. No symptoms up to this time.
Following morning. No symptoms; no local effeets.

This experiment was repeated in two other pigeons with a like result,

The last series of experiments prove clearly that the addition of potassic hydrate
to a solution of venom, if in sufficient quantity, produces a decided effeet on the
activity of venom, and that if added to the venom of the Crotalus adamanteus in
a quantity equal to the weight of the dried poison the lethal action is entirely
destroyed. In one experiment made with the venom of the Crofalus horridus the
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same holds good, but our experiments with Cobra venom show that a larger pro-
portional quantity is needed to destroy its power.

Erperiment.—Dissolved 0.015 gram Cobra venom in 0.5 e. c. distilled water,
then added an equal amount of potassic hydrate,

4:05, Injected into the breast muscles of a pigeon.
4:22. Unable to stand.

4:32. Convulsions

4:37. Dead.

This experiment was repeated with a similar result.

A larger proportion of the potassic hydrate was used in the following observa-
tions ;—

Experiment.—The same as above, using 0.03 gram (double the amount) of
potassic hydrate,

4:51. Injected into the breast of a pigeon.
No effects.

Repeated this experiment with a similar result.

In one instance, however, we found that 0.06 gram potassic hydrate did not
effectually counteract the poisonous activity of 0.015 gram dried Cobra,

It has been suggested that the non-poisonous action of venom treated with
potassic hydrate and injected hypodermically, as in the above experiments, depends
upon an effect of the potassic salt on the tissues, causing a considerable delay
in the absorption of the poison, and this suggestion seems strengthened by the
result in a rabbit of an infravenous injection of 0,015 gram Crotalus venom
with 0.06 gram potassic hydrate in 1 c. e distilled water. -The animal became
very sick soon after the injection, which was given in the evening, and remained in
this condition at the end of an hour, when the observation ceased. The following
morning it was found dead, with post-mortem appearances of the effects of venom.
Also, in another animal, which was given intravenously 0.015 gram of venom with
a similar amount of potassic hydrate, death occurred as promptly as with pure
venom: in fact rather earlier,

In another set of experiments on pigeons, we carefully neutralized the potassic
hydrate before injecting. We used in all of this series sulphuric acid as the
neutralizing principle, so that a harmless potassic sulphate was formed. The
results of this group of experiments also go to show that the potassic hydrate
prevents the absorption of the venom,

Experiment.—Dissolved 0.015 gram dried venom of the Crotalus adamanteus
in 1 ¢ e, distilled water and added 0.015 gram potassic hydrate, then carefully
neutralized with acetie acid.

This was injected into the breast of a pigeon, causing death in sixteen minutes.

Ezxperiment.—1hissolved 0.03 gram dried Crofalus adamantens venom in 1 e, e,
distilled water and added 0.015 gram potassic hydrate, and then neutralized as above.

4:1%. Injected as above

4:50. Weak; breathing rapid.

6:20, Much weaker.

Following morning. Dead. Decided local effect; Bood fluid and dark.
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Erperiment.—The same, only using 0.0075 potassic hydrate,
4:53. Injected as before.
5:00. Weak ; breathing deep,
&:10. Dying.
5:18. Dead. Slight local effect ; blood fAuid and dark.

The records of the above experiments, which are in accord with Wall’s, show
that the results after the addition of the potassic hydrate are not the same as in the
series where the alkali was not neutralized, thus proving that the effect of the
action of the added alkali does not remain after the latter is neutralized.

In previous observations we found that solutions of venom were more or less
impaired by boiling, and that this was particolarly marked with the venom of
the Crofalus adamanteus, 0.015 gram being rendered completely innocuous to
pigeons. It was afterwards found that no coagula were formed by heating solu-
tions of venom to which had been added some potassic hydrate, as in the above
experiments, This led us to study the results of heating solutions of venom to
which the potassic hydrate was added to learn if heat was eapable of destroying
or impairing toxicity without the eccurrence of coagulation as a necessary event.

Experiment.—Dissolved 0.015 gram of the venom of the Crofalus adamanteus
in 1 e. c. distilled water and added 0.015 gram potassic hydrate, and subjected the
solution, as in previous experiments, to a gradually increasing temperature up to
74° C. It was then injected into a pigeon. At the end of twenty-four hours there
was no effect,

In this experiment the temperature to which the solution of venom was sub-
mitted was below the point at which serious impairment of the poisonons power
of the venom oceurs, yet the amount of potassic hydrate was sufficient to destroy
its action. Other experiments were made in which the quantity of potassic
hydrate was not sufficient to effect this end. We found in previous experiments
that 0.0037 gram potassic hydrate was not sufficient to destroy the toxicity of 0.03
aram of Crotalus adamanteus venom, although the time of the occurrence of death
was considerably delayed.

We used similar amounts of venom and alkali in the three following experi-
ments, using 0.5 e. c. distilled water for the solutions.

Experiment.—Dissolved 0.09 gram of Crofalus adamanieus venom in 1.5 ¢ c.
distilled water and added 0.011 gram of potassic hydrate. This solution was
divided into three parts. One of which was heated to 76.5° C,, one to 79.5° C,,
and the other to 83.5° C. Each of which was injected into the breast of a pigeon.
and without any evil consequence following within twelve hours,

These results indieate that heat impairs the poisonous activity of venom under
the above conditions, even though coagulation does not oceur. In previous expe-
riments recorded it was found that at a temperature of 79.5° 0,03 gram of Crotalus
adamantens venom was rendered non-toxic. The explanation of the further
impairment of the action of the poison by heating its solutions having potassic
hydrate dissolved in them lies probably in the fact that the potassic hydrate is placed
by heat under condition of greater activity. The non-coagulability of solutions
of venom to which potassic hydrate was added is no doubt due to the alteration
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of the coagulable proteids into alkali-albumins, and as a moderate degree of
heat increases the rapidity of this change, it is possible that the smaller amount
of alkali is as effective under these conditions as the larger amounts under ordinary
conditions, It is not at all improbable that the prolonged action of potassium
hiydrate on solutions of venom may convert all of the globulins into alkali-albumins
and thus destroy their poisonous activity.

Soclie Hydrate.—The effect of sodic hydrate on solutions of the venoms of the
Crotalus adamanteus and horridus appears to be the same as that of the potassic
salt. In one experiment with the Crofalus adamanfeus, nsing equal guantities
(0.03 gram) of the dried venom and alkali, no poisonous effects followed its injec-
tion; and in another experiment in which 0.015 gram of venom and 0.007 gram
solliec hydrate were used the animal was rendered somewhat sick, but fully recovered,

In one experiment with the venom of the Crofalus horridus, using equal gquan-
tities (0,015 gram) of the venom and sodie hydrate, no poisonous symptoms followed.

The effect on solutions of dry Cobra venom, as in the case of the potassic salt,
is not so marked.

Lxperiment.—Dissolved 0.015 gram dry Cobra venom in 0.5 e. ¢. distilled water
and added 0,015 gram sodie hydrate,

4:08. Injected into the breast of o pigeon.
4:15. Unable to stand.
4:27. Dead.

In two other experiments, using double the quantity of sodic hydrate, one animal
died in one hour, and the other in a little less than three hours.  Double amounts
therefore decidedly impair toxicity, In another experiment, in which four times
the quantity of sodic hydrate was used (0.015 gram dried venom -+ 0L06 gram
NaH0), no poisonous symptoms followed.!

The Effects of Ammonia.—The dry venom of the Crotalus adamanteus, which
was the only one used, forms with aqua ammonia a turbid solution, such as is
formed with water. 'The effect on the toxicity of the venom exerted by the
ammonia is not so marked as with the potassic or sodic hydrates,

Ezperiment.—Dissolved 0.03 gram dried venom in fwo minims aqua ammonia
(207) with 1 e. . distilled water.

5:29, Injected into the breast moseles of o pigeon,
5:87. Unable to walk,

5:46. Convolsions; death. The local lesions are decidedly Jessencd by the alkali.
¢ Experiment.—The same, using six minims aqua ammonia,

4:14. Injected as above. >

6:00. No marked symptoms wp to this time, exeepting droopiness. The local elfcet s
slightly more marked than in No. 1.

Following morning the animal waz dead,
In three other experiments in which eight minims of agna ammonia were used
two of the animals were found dead the following morning and one recovered. In

! Bee Bhortt.  Wall, op. eit., p. 183, On the effects of alkalies and of permanganates, see Vineent
Richards, F.R.C.8,. Ed, ete., op. cit.
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another experiment in which the alkali was nentralized by sulphuric acid, death
did not oceur for fouwr hours,

In the first experiment, in which a very small amount of ammonia was used,
death occurred in less than twenty minutes; in the next, in which three times the
quantity of ammonia was used, death did not ensue for some hours, while in the
next three a more positive effect was no doubt apparent in the fact that one of the
pigeons recovered. In the last experiment death did not eccur for over four hours,
even after neutralization of the alkali, indicating, as in the ease of the potassic
hydrate, that some permanent effect had been exerted on the venom by the
ammonia.

Potassinm Cuarbonate.—Two experiments made with the venom of the Cirotalus
adamantens render it probable that the potassic carbonate does not exert any
decided effect.

Eeperiment.— Dissolved 0,015 gram venom in 1 ¢, ¢, distilled water and added
0.015 gram potassic carbonate,

4:16. Injected into the breast of a pigeon,

4:22, Down.
4:25, Dead. No appreeiable local cffect.

Fzperiment.—Dissolved 0.03 gram venom in 1 e. c. distilled water and added
0.12 gram potassic carbonate.
5:25. Injected into the breast muscles of a pigeon.

f:456. Down; observation now ceased,
Following morning found dead ; slight local effect.

Nitric Aeid.—The powerful destructive action exerted by this acid on albumi-
noids suggests at once that it would in all likelihood completely destroy the poison-
ous properties of venom, yet it has been asserted that such is not the case. In the
latter instance the result was no doubt due to the insufficiency of acid used, as we
have clearly determined in our experiments.

Ezperiment.—Dissolved 0.03 gram Crofalus adamanfeus venom in 0.5 e, e. dis-
tilled water and added 2} minims C, P. nitric acid, which caused a considerable
precipitate.

3:32. Injected the above into the breast of a pigeon.
8:23. Convulsions, followed by death.

From this result it seemed probable that not enough acid had been added to
throw down all of the precipitable proteids. In another experiment the acid was
added to a solution of venom and the mixture filtered., ‘The filtrate was now
tested with nitric acid and a further precipitate occurred. This process was
repeated until no further precipitate followed. The filtrate was set aside, and the
precipitate on the filter washed with dilute nitric acid and then with water.

Experiment.—5:05 injected into the breast of a pigeon the above jfiltrate, which
measured 3 c. ¢, and contained 1 ¢, e. nitric acid.

6:05. No symptoms exeept slight droopiness.

Following morning no effects from venowm,
§  April, 1886,
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Experiment.—5:55 injected the precipitate in 1 . c. dilute nitric acid with which
it had been in contact for two hours,

G:05, Mo Evinploms.
Follewing morning animal in good condition.

It will thus be observed that the acid has completely destroyed the toxicity of
venom. We made still another experiment in which the venom was rubbed up
in & mortar and the acid added to it, and then diluted with water.

Experiment.—0.03 gram dried Crotalus venom was rubbed in a mortar until
powdered, and 4 gtt. C, P. nitric acid added. This formed a pasty mass of an
orange-yellow color. With 1 c. e. distilled water it formed a cloudy, orange-
yellow solution.

The above was injected into the flank of a half-grown rabbit, without any symp-
toms of venom poisoning following within twelve hours.

A similar experiment was made with a pigeon with a like result. The acid,
however, having been neutralized with sodic carbonate before injeetion.

Muriatic Acid—This acid does not seem to exert so strong an effect.  Only one
experiment was made,

Exrperiment.—0.015 gram dried Crotalus venom was rubbed in a mortar, and to
it was added 4 gtt. C. P, muriatic acid forming a clear solution. With 1 e. c.
distilled water it made a turbid solution.

8:44. Injected the above into the breast muoscles of a pigeon.
5:00. Very sick.

5:50. Nearly dead,

Following morning dead ; no loeal lesions from venom.

Here the amount of venom used was only one-half of that employed in the nitrie
acid experiment, ‘The quantity of acid was the same, but in this experiment a
pigeon was used.

As in the series with nitrie acid, an experiment was also made in which the
dried venom was powdered in a mortar and a few drops of the pure acid used.
About 1 e e, of distilled water was added, and the mixture neutralized with
sodic carbonate. It was then injected into the breast of a pigeon with the result
of death in twenty-six minutes,

Sulphurie Acid —Repeated the above, using instead of the muriatie acid 5 att,
sulphuric acid, The venom and acid formed a clear syrupy solution which became
milky by the addition of the water.

3:58. Injected as above.
S, Sickish,
Following morning dead; no local symptoms of venom poisoning.’

Dr. Mitchell had observed that if the acid was afterwards neutralized the
action of the venom was not affected. - "The delay of death in this experiment
seems to be due to the action of the non-neutralized acid. We, however, made
an experiment by powdering the dried venom (0.015 gram) in a mortar, adding a few
drops of the pure acid, diluting then with about 1 e. ¢, distilled water, and neutral-
izing with sodic carbonate. This was injected into the breast of a pigeon.
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For some time after the injection the bird was weak, and continued in a feeble
condition until eighteen hours after the injection, when death ensued.

It seems quite remarkable that such a powerful acid as sulphuric does not com-
pletely destroy the poisonons properties of the venom, and it is even more curious
that pure muriatic acid seems to be without effect.

Acetic Aeid.  Expeviment.—Dissolved 0.02 dried venom ( Crotalus adamanteus)
in 0.1 c. c. distilled water and added 3 minims of glacial acetic acid.

4:30. Injected into ithe breast of a pigeon.
4:37. Incodrdination.
4:41. Dead.

Death occurred in this experiment in such a short time that it was thought that
the acid itself might have contributed to this end. We therefore made another
experiment in which the acid was neutralized.

Ezperiment.—Prepared the venom as before, only neutralizing the solution with
sodie carbonate,

4:35. Injected into the breast of a pigeon.
H:10. Pigeon upable to stand.
5:15. Dead.

The result of this experiment indicates that the presence of the free acid aids
the toxic action of venom,

Hydrobromic Acid. Experiment.—Powdered 0.015 gram dried Crotalus ada-
manfews venom in a mortar and added 5 gtt. hydrobromic acid (sp. gr. 1.274), after
five minutes added 0.5 e. c. distilled water. The venom and acid formed a slightly
reddish-colored solution, which became milky when diluted with water.

4:25. Injected into the breast museles of a pigeon.
4:45. Bickish,
4:55. Unable to stand. (Final result not noted, but death most certainly followed.)

We repeated the above experiment, using 10 gtt. of acid mixed with an equal
parct of water, before dissolving the venom in it.

2:49, Injected as above.
3:07. Rocking.
8:30. Dead; local effects of the venom apparent.

Notwithstanding we used double the amount of acid in this experiment, it does
not appear as though the activity of the venom was made to differ much from that
noted in the previous experiment. Since the previous dilution of the acid before
mixing with the venom might have affected its action a third experiment was
made in which the same quantity of acid was added, without dilution, to the
powdered venom,

Experiment.—Powdered 0.015 gram dried venom and added 10 gtt. hydro-
bromic acid, then 1 c. c. distilled water.

4:20. Injected the above into the breast muscles of a pigeon.
5:00. No apparent effect.

5:10. Siekish.

6:00. Sickish.

Following evening. Well.
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This last experiment was repeated with the modification of leaving the acid in
contact with the venom for one-half hour before the addition of the water, It was
then Eujrr'Iﬂl as above without any obvious effects lb"ﬂ“‘illg.

The destructive action of the acid on the venom of the Crotalus horridus seems
to be the same if we can judge from the single experiment which follows.

Experiment.—Powdered 0.015 gram dried venom and added 10 gtt. hydro-
bromic acid, which formed a muddy solution with a reddish color.

5:18, Injected into the breast of a pigeon without any obyvions effects within twenly-four
hours.

The effect on the activity of Cobra venom, using similar quantities of venom and
acid is very different.

Experiment.—Repeated the above, only substituting Cobra venom,

4:48. Injected into the breast moscles of a pigeon.

H:18, Bick; breathing difficult.

H5:30, Breathing more difficult; convulsive movements; ineodrdination.
5:35. Dend.

Tannic Acid,—The action of tannic acid upon albuminoeids is so decided that we
might confidently expect, since we find the poisonons elements in venoms to be
proteids, that the activity of venom would be greatly diminished or entirely
destroyed by it. In one experiment made with the venom of the Crotalus ade-
mantens we found comparatively little effect,

Erperiment.—Dissolved 0,03 gram dried venom in a little distilled water and
added 1.5 c. c. saturated solution of tannic acid.

3:835. Imjected into the breast museles of a pigeon.
4:00, Droopy.
4:45. The same. Following morning dead.

It will be obzerved that there is a great delay in the action of the venom, possi-
bly due to the powerful local constrictive action of the tannie acid on the tissues,
and possibly, also, to a direct action of the acid on the venom itself. As death
may have resulted from the tannic acid we made a control experiment in which
1.5 ¢. ¢, saturated solution was injected into the breast of a pigeon. The animal
did not exhibit any signs of active poisoning, but it died at the end of the fourth
day.

Alum.—~We made but two experiments with alum, one with the venom of the
Crotalus horridus and one with Cobra.

Experiment.—Dissolved 0.015 gram dried venom in 0.5 c. e. distilled water and
added 3 gtt. saturated solution of alum (18° C.), but no precipitate occurred ; we
then gradually added powdered alum nearly to saturation, which eaused preeipita-
tion. The precipitate was filtered off, and the clear filtrate tested by the further
addition of alum to see if any more precipitation would ocecur, with a negative
result. The precipitate and filtrate were now mixed together and injected into the
breast of a pigeon without any poisonous result occurring within forty-eight hours,

In another experiment in which 0.06 gram of dried Crotalus venom was used,
the animal died in forty-five minutes,
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Alum added to saturation does not precipitate the peptone, although it precipi-
tates all of the coagulable proteids.

The following is the experiment with Cobra venom:—

Ezperiment.—Dissolved 0,015 gram dried venom in 0.5 ¢, ¢. distilled water and
added alum to saturation (16° C.).

4:82. Injected into the breast museles of a pigeon.
4:50. Down,
4:52. Dead.

This last experiment is of interest in proving that even so powerful an astringent
as alum is not sufficiently strong to prevent the prompt absorption of the poison.
Death followed in twenty minutes.

C'hlorine Water.—"This reagent does not seem to exert any influence.

Experiment.—Dissolved 0,015 gram Crotalus adumantens venom in 0.5 ¢, ¢. dis-
tilled water and added 0.5 c. ¢. fresh chlorine water.

4:28. Injected into the breast muscles of a pigeon.
4:52. Down.
5:10. Dead.

Bromine—The action of bromine in bromohydric acid solution is very marked,

Experiment.—Powdered 0.015 gram dried Crofalus adamantens venom in a
mortar and added 2 gtt. of bromine in 4 or 5 gtt. bromohydric acid, then added
0.5 e. . aleohol.

5:05. Injected into the breast of o pigeon,
5:30, No effect.
Twenty-four hours. No effect.

This experiment was repeated once with Crotalus venom and onee with Cobra,
using water as the diluent instead of aleohol. In both experiments we found a
similar result, thus proving that the activity of the venom 15 completely destroyed
by this reagent.

Iodine.  Experiment.—Dissolved 0.015 gram dried venom of Crofalus ada-
manteus in 0.33 c. e. distilled water, then added 0.5 c. c. tr. lodine which formed a
dense brown precipitate.

5:07. Injected into the breast of a pigeon.
No poisonous effects within twenty-four hours.

If, however, the amount of iodine be much smaller the venom is still potent, as
is shown by the following experiment.
Ezperiment.—Dissolved the venom as above, then added 1 drop tr. iodine and
afterwards 1 c. ¢. distilled water,
4:56. Injected into the breast of a pigeon.
5:05. Weak
5:15. Dying.
Todine 4+ Potassic Todide.  Feperiment. —Dissolved 0.015 gram dried venom of
Crotalus adamanteus in 0.5 e c. distilled water, then added a saturated solution of
equal purts of tr. iodine and potassic iodide,

4:41, Imjected ihe above into the flank of a small rabbit (half grown}.
The animal died in about eighteen hours.
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The delay in the occurrence of death in this experiment was considerable, and
that this was due to the action of the iodine on the venom is rendered probable
by the results of the preceding experiments with iodine and by the following
experiment with the potassic iodide. ‘

Potnssic Todide.~This salt does not seem to exert any influence upon the activity
of venom, :

Experiment.—Dissolved 0.015 gram dried venom of the Crotalus adamanteus in
1 c. c. saturated solution of potassic iodine.

4:81. Injected into the breast of a pigeon.
4:40. Down,
4:45. Dead.

Potassic Bichromate, Frperiment.—Dissolved 0.03 gram dried Crotalus ada-

manteus venom in 1 ¢ ¢, distilled water and added 0.01 gram potassic bichromate.
4:14. Injected into the breast of a pigeon.
4:20, Down
4:25. Convulsions followed by death.

Experiment.—Dissolved 0.004 gram dried venom in 0.5 ¢, c. distilled water and
added 0.03 gram potassic bichromate dissolved in 0.33 distilled water, which pro-
duced a dense congulum,

3:88. Injected into the breast muscles of a pigeon.
4:05. Dend.

Potassic Permanganate.  Experiment.—Dissolved 0,03 gram dried Crofalus
adamanteus venom in 0.5 e. c. distilled water and added 0.06 gram permanganate
in 0.5 c. c. distilled water. This formed a very cloudy solution.

5:27. Injected into the breast of a pigeon. Death occurred within forty-eight hours.

FEzperiment—The same, using 0.015 gram of the permanganate. At the end
of the second day no poisonous effects from the venom. The parts where the injec-
tion was made look as though they would slough.

Ezxperiment.—The same, using 0,005 gram of the permanganate. The solution
formed is a dark wine color.

4:37. Injected into the breast of a pigeon without effect.

Erperiment—The same, using 0.0038 gram of permanganate.
4:26. Injected as above.
4:42. Down.
4:45. Dead.

Experiment.—The same, using 0.0025 gram of permanganate.

8:57. Injected as above.
4:06, Down.
4:10. Dead.

In another experiment, the mixture was injected into the femoral vein of a
rabbit, using 0.005 gram permanganate. The animal lived, and at the end of the
second day was apparently unaffected.

In one observation made with the venom of the Crofalus horridus 0.015 gram
of venom was dissolved in 0.5 e. e. distilled water, to which was afterwards added
0.008 gram of the permanganate. After standing for twenty-four hours the
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mixture was very thick and tarry, and would not flow from the inverted test-tube,
It scems from this that the full extent of the action of the permanganate on the
venom is not exerted for some hours.

The permanganate is efficient in destroying the activity of Cobra venom.

Experiment.—Dissolved 0.015 gram dried Cobra venom in (.5 c. e. distilled water
and added 0.015 gram permanganate,

4:35. Injected into the breamst muscles of a pigeon. No sympioms of venom poiscning
within twenty-four hours.

Peroxide of Hydrogen.—Notwithstanding the powerful nature of the peroxide
of hydrogen as an oxidizer, it does not scem to affect to any great extent the
poisonous aetivity of venom. Only one experiment was made.

Experiment,—Added 3 dvops of fresh venom of the Crofalus adamanteus to 3
c. ¢. fresh solution of peroxide of hydrogen, specially prepared by Prof. Leeds, of
Hoboken.

5:05. Injected into the breast muscles of a pigeon,
5:15. Unalle to stand ; decided local effects appearing,
6:05. Dead, with all the usual plenomena of venom poisoning.

The quantity of peroxide of hydrogen used in this experiment was so large that
the test was a satisfactory one,

Argentic Nitrate.—Notwithstanding the powerful action of nitrate of silver on
albuminoids it does not seem to possess great power to disturb the toxicity of
Yenom.

FEzperiment.—Dissolved 0.015 gram of dried venom of Crotalus adamantens in
3 c. c. distilled water, to which was afterwards added 0.015 gram nitrate of silver,
forming a decidedly milky solution.

4:40. Injected into the breast of a pigeon.
4:50. Down; deep breathing, gasping.
4:53. Dead.

As there was a possibility of the quantity of salt being insufficient for the amount
of venom, another experiment was made in which double the weight of nitrate
was used, The mixture was injected into the breast of a pigeon. At the end of
three days no symptoms of venom poisoning had occurred.

Meyeurie Chloride.—When mereuric chloride is added to a solution of Crotalus
or Moccasin venom a dense precipitate occurs, consisting of all the proteids in
solution, In order to learn if the precipitated proteids still retained any toxic
power we dissolved 0.03 gram of dried venom of the Crotalus adamantens in 1
. ¢. distilled water and then added 0.03 gram mercuric chloride. The precipitate
was collected on a filter and repeatedly washed with distilled water. During this
washing the precipitate seemed to diminish a little in quantity, and was no doubt
partially dissolved.

8:30. The precipitate in 1 e e. distilled water was injected into the breast of a pigeon,

6:00. No symptoms up to this time,
Twenty-four hours—ihe animal showed no signs of venom poisoning.

Ferrous Sulphate—Three experiments were made with the sulphate of iron
with results materially different; the difference no doubt depending upon the mode
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of administration. In all the same quantities of venom and salt were used, but in
one the solution was injected simply beneath the skin and in the others directly
into the musecles of the breast. In the former the animal did not die until after
the lapse of nearly thirty-six hours, while one of the others died remarkably soon
—within four minutes after the injection, and the third in twenty-eight minutes.

Ezperiment.—Dissolved 0.03 gram dried venom of the Crofalus adamantens in
1 e. e. distilled water and then added 0.03 gram ferrous sulphate. The addition
of the iron salt renders the solution clear,

3:40. Injected beneath the shin of the thigh of a pigeon.

G:00. No apparent effects,

Twenty-four hours—no effects.  Thirty-six honrs—dead, Slight local effects of venom,
but the destructive action of the iron salt on the tizsnes is much more prominent.

Ezxperiment.—The same as above,

3:82. Injected info the breast muscles of a pigeon.
5:86. Convolsions; death. No local lesions.

In another experiment the bird died in twenty-eight minutes after injection.

It must be concluded from this that the ferrous sulphate does not destroy the
activity of the venom.

Dialyzed fron.—When dialyzed iron is added to a solution of venom all of the
proteid matter is precipitated, and the filtrate is found to give no reaction for
proteids with the xanthoproteic or pieric-acid tests. The precipitate is brown, and
so gelatinons that if the solutions are somewhat concentrated it does not flow.
The precipitate does not dissolve in distilled water, yet it must be very soluble in
the tissues since the toxie effects of the venom rapidly appear after its injection.
We made two experiments, both with Moccasin venom, one with the dried and the
other with fresh venom,

Experiment.—Dissolved 0.015 gram dried Moceasin venom in 0.5 c. e. distilled
water and added 3 gtt. dialyzed iron. This caused a considerable amount of
brownish gelatinous precipitate which thickened the mixture appreciably. Now
added 1 e e. distilled water.

3:20. Injected into the breast muscles of a pigeon,
3:25, Down,
Z:45. Dead.

Ezperiment.—Took two drops of fresh Mocecasin venom and added first 5 gtt.
dialyzed iron, and then 1 ec. c. distilled water. The iron and venom made a very
thick brownish mixture,

5:18. Injected into the breast moscles of a pigeon,
5:30. Dead.

One experiment was made in this connection to see if dialyzed iron exerted
any poisonous effect, we injected thirty drops into the breast muscles of a pigeon,
without toxic result.

Ferrie Chloride.—We have used the chloride of iron in two forms; the officinal
tincture, U. 8. P, and the officinal liguor. Both these solutions greatly affect the
poisonous activity of venom, the latter, indeed, if used in sufficient quantity,
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wholly prevents the occurrence of any of the symptoms of venom poisoning. The
tincture does not appear to be nearly as efficient.

Ezxperiment.—Dissolved 0.015 gram dried venom of the Crofalus adamanteus in
0.5 e. . distilled water and added 10 gtt. ¢r. chloride of iron. As the iron was
added the solution cleared, but in a few moments became milky, and finally thick
with whitish precipitate.

4:22. Injected into the breast of a pigeon,
S:00. No symptoms.

H:45. No symptoms.

Following morning—dead. No loeal effect,

In two similar experiments, in which double the quantity of the tincture of iron
was used, the result was much the same, the time of death being notably delayed.

The following experiments were made with the liguor :—

Experiment.— Dissolved 0,015 gram dried venom of Crofalus adamantens in 0.5
c. c. distilled water and added 4 gtt. liguor ferri chloridi. A heavy precipitate
fell.

4:45. Injectied into the breast of a pigeon.
S:00. Very guiet.
G:00. No symptoms, and none of venom poisoning within two days.
A similar experiment was made with identical results,
In one experiment with the venom of the Crofalus horridus, in which only two
. drops of the liquor were nsed, the animal showed no evidences of poisoning; and
in four experiments made with the dried venom of the Moceasin, in which 0.015
gram of dried venom was unsed and eight, four, two, and one drop of the liquor
were used, three animals gave no symptoms of venom poisoning, and one died on
the third day—the animal receiving the injection containing but one drop of the
iron, This was the only pigeon of the four which gave any signs of poisoning.
In three-fourths of an hour the bind was shaky, and at the end of three hours
decidedly feeble, remaining pretty much in this condition until death.

About the point of injection the iron produced considerable hardening of the
tissues,

The effect on Cobra venom is-not marked, although in one experiment there
was an appreciable delay in the cecurrence of death; but in the other, in which
the quantity of iron was larger, death oceurred with remarkable rapidity.

Ezperiment,—Dissolved 0.015 gram dried Cobra venom in 0.5 c. e distilled
water and added 2 drops figuor fervi chlor. A slight precipitate occurred in the
solution after a few moments.

3:47. Injected into the breast moscles of o pigeon.
4:15. Convulsions.
4:27. Daad.

Experiment.—Dissolved (.015 gram dried Cobra venom in 1 c. c. distilled water
and added 5 gtt. sol. perchloride of iron.

This was inj::ctcrl into the breast of a pigeon, with the result of death in twenty
seconds,

The reason why ferric chloride is inefficient in destroying the toxicity of Cobra
venom no doubt lies in the fact of its main poisonous substance being a peptone,

i April, 1886,
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and, like that element in all the venoms, unaffected by the iron, while the principal
toxic cffeets of the Crotalus and Ancistrodon venoms is due to the globulins which
are precipitated and chemically altered by the iron salt.

Filtration through Vavious Substances—Filtration through alumine or wood
chareonl does not affect the poisonous activity of the venom, but by filtration
through animal charcoal all of the poisonous material in venom is left behind and
the filtrate is accordingly innocuous,

Lrperiment,—Dissolved 0.03 gram dried Moccasin venom in 2 ¢, e, distilled
water and filtered four times through animal charcoal. The filtrate gives no
proieid reaction,

4:20, Injected 1.5 e, e of the Gltrate into the breast of a pigeon. At the end of twenty-
four bours no symptoms of venom poisoning had oceurred, but there was some wdema ot the
paint of injection.

Repeated the above experiment, using 0.045 gram of Moceasin venom, and with
similar results,

Suwalke Bile—~Among the eurious substances which have been extolled as anti-
dotes for venom poisoning is snake bile. We made but one experiment, which
speaks volumes,

Experiment.—Mixed 1} minims of fresh venom from a dead Crotalus adam-
andews with 1 . e, of bile from the same animal.

4:47.  Injected into the breast of a pigeon,
4:47). Tucoirdination,

4:50. Gosping respiration.

4:55. Convaolsive movemenis.

4:56. Dead,

Dhiggestion.—DBy digestion in strong artificial gastric juice made from the pig's
stomach the toxic power of venom (Crotalus) is completely destroyed.

Experiment.—Three drops of the glyeerine solution of venom { Crotalus horridus)
(186:2) were digested for sixteen hours in about 1 ¢, e. fresh artificial gastrie juice
from the pig's stomach.

8:30 a. M. Injected into the breast museles of a pigeon. Up to the end of forty-eight
hours no poisonons symptoms ensoed.

This experiment was repeated with an identieal result, We also made two
experiments in which the digestive process was not carried on for such a length
of time, in both only four hours, and with similar results. In one we used six
drops of the glycerine solution of venom as above—just double the dose—and in
the other 0.015 gram of the dried Crotalus ademantens venom.

The results of digestion in artificial pancreatic juice are similar. We made but
one experiment, and that with the venom of the Crotalus adamanteus.

Experiment.—Digested 0.03 gram dried venom in 1 e c. freshly prepared pan-
creatic juice from the pig for twenty-four honrs,

A:44. Injected into the breast muscles of a pigeon.
b:45. Slightly droopy.
Following morning, no effects apparcnt.
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Résumé,—The above experiments, with others too numerous for detail, have
enabled us to confirm Lacerda’s and Vincent Richard’s views as to the power of
permanganate of potassium to destroy venoms. As a local antidote it is for all
snake poisons the best.

It is also clear from what we have seen that fervic chloride is a very efficient
local destroyer of the venom of our own snakes, which owe their vigor to venom-
globulin, but has little value as a loeal antidote to the peptone which gives power
to the poison of the Cobra. The chloride needs to be locally used in full doses,
whenee it is that the strong liquor ferri chloridi (U, 8. P.) is more cfficient than
the tincture.

That bromine may prove valuable as a local means of relief seems to be plain
from our experiments, and is in fact one of their most interesting results. It was
used, as we have seen, either as hydrobromie or bromohydric acid. Probably any
solution of bromine would answer, and—as was shown by its free local use to control
gangrene during our civil war—there need be no fear in using it with freedom.

It has long been known in India that the strong alkalies destroy venom, and
this we are able to confirm. DBrainerd long ago taught that iodine has destructive
vitlue as regards Crotalus venom, and this also seems to us to be true.

In fact many agents more or less alter venoms if allowed to remain long in eon-
tact with them, and usually act with increased vigor as the temperature is raised
above that of the air; but it is chemically singular that brief exposure of venoms
to strong acids should so little affect the toxicity of the poisons in question.
Fxeept where otherwisd distinetly stated, the chemicals used by us have been
added to the poison immediately before injecting it. Enough has been here
proved to make it now worth while to study still more carefully the value of
bromine and ferric chloride as local poison destroyers. One agent may be at hand
or available when others are not, and the more numerous are the means we possess
as local antidotes the better is the chance of escape or relief for persons bitten.
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CHAPTER 1V.

THE EFFECTS OF VENOM WHEN APPLIED TO MUCOUS OR
SEROUS BURFACES.

The Fifects of Venom when applied to Mueous Surfaces—The question of the
absorption of venom by mucous surfaces is one of great interest, and the verdict
of all observers in connection with the venom of the Crotalide is that uninjured
mucous surfaces, except in the lungs, cannot absorb venom, at least in suflicient
quantities to produce death. In experiments with the venom of the Cobra other
investigntors have gotten results which are directly contrary, but in our own
researches a large proportion of the animals survived.

In seven experiments made on pigeons, in which a solution of Cobra venom was
placed in the eraw by means of an @sophageal tube, six showed no evidences of
poisoning and one died. 1In these experiments the asophageal tube, which was a
small catheter, was oiled and passed with great care into the crop, the solution of
venom was then poured through the tube by means of a funnel, and afterwards
washed down with a little water.

Experiment.—Dissolved 0,025 gram dried Cobra (Naja trip.) in about 1 ¢ c.
distilled water, and placed it in the crop of a pigeon by means of an wsophageal
tube, Up to four days the animal showed no signs of poisoning.

Five other experiments, like the above, gave identical results. In one experi-
ment the animal died within twelve hours,

Experiment.—Dissolved 0.013 gram dried Cobra (Naja frip.) in about 1 c. c.
distilled water and gave to a pigeon, as above, at £:00 r. m. A little while after
the dose the pigeon appeared sickish and remained in much the same condition
for about two hours, when observation temporarily ceased. At 8:30 the following
morning the bird was dead. The heart was found in systole and contained dark
clots. The blood was everywhere coagulated. No apparent lesions were present
in any part of the body, and a most careful examination of the mouth, gullet, and
crop revealed no abrasions or other raw surface. The crop contained a little eracked
corn and a small amount of yellowish fluid.

In another pigeon, etherized, an opening was made through the skin into the
craw, and its contents washed out, The pigeon was kept on its back and the
ciges of the wound were held up by retractors. A solution of venom was placed
in the cul-de-sae on the left side and the animal watched. In a half hour the
bird had convulsive seizures, and at the end of forty minutes was dead. At that
time there secmed to be about the same quantity of venom solution in the crop as
‘before. Tt was, however, somewhat glutinous and darker in color, The mucous
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membrane preserved its natural tint. On the side in which was the poison the
mucous membrane was wrinkled and raised in points like the surface of a mul-
berry. By stretching the mucous membrane this roughness disappeared. After
death it increased somewhat. There was no wdema,

- Erperiment.—0.01 gram of dricd Cobra dissolved in a little water was given to
a frog by an wsophageal tube as in the case of the pigeons. The frog presented
no toxic symptoms for two hours, After twelve hours it was dead.

Awtopsy.—All the tissues had a eyanotie appearance and the animal was perfectly
flaceid. The heart was still irritable as well as the intestines,  The stomach eon-
tained a viseid mass of muens, which was not bloody, and which was expelled from
the stomach by the normal eontractility when the organ was eut, A most careful
examination of the mouth, gullet, and mucous membrane of the stomach did not
reveal any abrasions or other raw surface. ‘The liver scemed pale and decidedly
friable,

In Dr, Mitchell’s former experiments made in the opened crop, fatal results did
not occur with use of fresh or dry venom of Crotali; but a single needle pricked
throngh the mucous surface covered by the poison, sufficed to let in death,

It scems possible that minute ulcers or abrasions, guite invisible to the eye,
might, in like manner, enable the venom in some cases to pass the burrier of the
intestinal mucouns lining. The deaths from ingested Cobra venom related by
Fayrer took place in mammals, and we ourselves found in like experiments with
rabbits, that, although death was rare after swallowing Cobra venom, it was less so
than in pigeons; but our Cobra experiments are not strictly comparable with those
done in India with fresh poison,

Certainly Cobra venom is much more apt to kill when swallowed than is Cro-
talus poison. In the rattlesnake it is the globulins which are in largest amount,
and which are not dialysable, but in Cobra the fatal peptone is the material which,
both as to vigor and amount, represents the poisoning capacity, and is as we know
dialysable. It is only astonishing, therefore, that it does not kill in every ease in
which it is swallowed; but, as we have seen, the gastric juices in so far as they
have time to act are destructive of venoms, and hence their protective agency has
also to be considered.

The Activity of Venom when applied to Serous Surfuces.—One of the most
remarkable and interesting of the physiological effects produced by the venom of
the Crotalus is the occurrence of ecchymoses, especially in the serous tissnes. The
character of these ecchymoses is fully treated in another part of the work, so that
we need here only detail some of our observations in connection with the direet
effect of the application of venom to the serous tissues.

A rabbit was etherized and kept in this condition during the whole of the
experiment.  The abdominal cavity was opened and a knuckle of intestine
exposed. On the peritonenm were placed a few small particles of the dried
venom of the Crofalus adamantews. In two or three minutes some extravasations
appeared immediately about the point of the application of the venom: a few
moments later these extravasations were diffused over a considerable arvea and had
run into each other to such an extent as to form a patch of bleeding surface. So
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rapidly do these hemorrhages spread that they ecan literally be seen to grow under
the eve.  Another portion of the intestine was exposed, and upon the peritoneum
was placed a very small portion of the glyeerine solution of venom (prepared in
1562), which has already been referred to. Ten minutes after the application
small points of extravasation appeared, and in three minutes more had inereased
so much in number and spread so rapidly as to form a continuous area of bleeding
surfuce, Four drops of the glycerine solution of venom in a little water were
boiled and earefully evaporated to a thick paste and then applied to a fresh surface
of the peritoneum. After one hour no ecchymoses appeared.

In another experiment 0,03 gram of the dried Moceasin venom was boiled and
injected into the peritoneal cavity of a pigeon. The animal died in forty-two
minutes, when we found large ecchymoses scattered over all the abdominal viscera,
In later experiments we have fully determined that the venom peptone may cause
ecchyinoses, but that this power exists in an insignificant degree as compared with
that of the globulins.

In another experiment, not irrelevant here, we injected one drop of the fresh
venom from the Crotalus adamanfens into one of the mesenteric arteries of an
ctherized rabbit. In a few seconds eechymotic patches appeared on the large
intestine followed by a few on the small intestine, and in another moment the
antmal was dead. .

In an experiment on an alligator, elsewhere quoted, the activity with which
venom may be absorbed by serous membranes is well illustrated. In a frog
death oceurred within two hours after the injection of two drops of the fresh
venom of the Crofalus adamanteus into the peritoneal cavity.

In one experiment made upon an etherized rabbit in which 1 drop of fresh Moe-
casin venom was dissolved in 1.5 e c. of distilled water and injected into the
peritoneal cavity the animal died in one and a quarter hours, In an autopsy one
hour after death, it was found that there was no rigor mortis; the whole of the
inside of the peritoneal cavity was stained, and in places was literally dripping
with blood ; the mesentery contained a large amount of blood resembling a free
clot. On the surface of the intestines the effusion of blood was of a brilliant red
color as though from the arterioles; the whole interior of the abdominal cavity
was stained ; the heart was arrested in systole. :

In still another experiment in which the solution of venom was boiled the results
were strikingly different.  We dissolved 0.03 gram of dried Moccasin venom (repre-
senting a much greater dose than was given in the previous experiment) and after
hoiling it for & moment filtered it. The filtrate was injected into the peritoneal
cavity of a rabbit. ‘The animal was killed after the lapse of one hour and the
peritoneal cavity examined, There were absolutely no alterations to be seen in
the viscera, excepting one minute spot where there appeared a little reddening.

The length of time during which the venom used was boiled was not distinctly
stated in the notes of some of our observations. The omission was of moment.

At the time these experiments were made, we did not fully know that while in
all venoms—Dbrief boiling throws down the globulins at once—much longer boiling
by degrees precipitates, and at last makes innocent the peptones. Apparently it
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is the globulins which mest rapidly alter blood and vessels, and by a mechanism
hereinafter to be described canse ecchymoses.  Yet are the peptones not without
this toxie eapacity, as is seen in some of the above observations. Clearly, however,
boiling impairs the activity of Crotaline peptones, as it does that of like constitu-
ents of Cobra poison. It will have been seen that none of these direct experiments
on serous tissues were made with pure or boiled Cobra venom. 1t is desirable that
this should be done, and especially with fresh venom. In another portion of this
paper there are some relative studies of the power of dried Cobra and Rattlesnake
venoms to cause local hemorrhages from the peritoneum. In the former work of
Dr. Mitchell, and in that of Fayrer and Brunton, are sufficient studies of the ab-
sorbing power of rectal and pulmonary surfaces and of the eye.
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CHAPTEEK V.
THE EFFECTS OF VENOM ON THE NERVOUS SYSTEM.

Excerric as regards the marked action on the respiratory centres we cannot
consider venom as essentially or solely a nerve poison. In animals which do not
immediately die from the effeets of this poison, the first signs of nerve poisoning
are drowsiness, incoordination, followed by loss of voluntary motion, by convul-
sions, or failure of reflex activity and by death.

Beflew Action.—In six experiments on frogs with the Crotalus, made in connee-
tion with a direct study of the effect on reflex action, in none of them was there
found a slow, gradual diminution of reflex activity, but invariably a sudden loss of this
function. The time of the occurrence of the loss of reflex activity varies very
greatly,  In four experiments on pithed frogs, each of the frogs was given (.013
gram of the dried Crotalus adamantens venom in 10 minims of distilled water,
by means of injection into the posterior lymph sac. In one experiment no
alteration in reflex aetivity oceurred after one and three-quarter hours, although it
seems probable that the venom was not by any means completely absorbed since
the lymph sae seemed bulged with fluid which had accumulated.  In another
experiment no alteration oceurred in one and a half hours, In a third reflex action
wiis stiddenly abolished in one hour, and in a fourth in forty-five minutes, without
there being in any case gradual diminution of reflex activity preceding the com
plete loss,

Two experiments were made on pithed frogs to determine if the loss of reflex
activity was due to an action of the venom upon the nerves or upon the spinal
cord, and for this purpose we ligated all of the bloodvessels in the right hind leg
of each animal, and thus prevented the access of the venom to these parts. ‘I
cach of these frogs was given 0.015 gram of the dried venom of the Crofalus
adamantens dissolved in 5 minims of distilled water, and injected into the posterior
lymph sac. Reflex activity suddenly ceased in both of the frogs in one and a half
hours. No reflex action was elicited by irritation of the nerves of either leg,
although the motor fibres of the nerves were very excitable,. 'We also found that
direct excitation of the spinal cord in the dorsal region produced movements in
the posterior extremities, but none in the anterior extremities, thus showing that
impulses could travel down the cord through the motor apparatus but not upwards
through the sensory portions. ‘These observations make it elear that the loss of
reflex activity is, no donbt, dependent to a great extent at least upon an action of
the venom npon the sensory portions of the cord, although it is not clear that the
sensory nerve fibres may not also be seriously affected.
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Sensory and Motor Nerves—In order to more directly test the action of venom
upon the motor and sensory fibres we exposed the sciatic nerve along the whole
extent of the thigh of pithed frogs, and placed in the middle of the exposed trunk
a little (Crotalus) venom (concentrated by spontancous evaporation). Comparative
observations were now made from time to time by exciting the mixed nerve trunk
above and below the point of application of the venom by means of electrodes
connected with a Du Bois-Reymond induction coil, using minimurm strengths of
current. After about fifteen minutes, irritation of the foot of the leg with the
peisoned nerve did not give as good reflexes as irrvitation of the other leg.  After
five hours, irritation of the trunk of the nerve below the poisoned part did not
give reflexes, but above the part did give reflexes, showing that the sensory fibres
were functionally destroyed by the local application of the poison. When the
trunk was irritated above the poisoned part marked contraction of the muscles of
the limb oceurred, showing that the motor fibres and muscles were still intact.
After the lapse of six hours the motor nerves would no longer respond to stimulus,
althongh the muscles were still irritable,

From these observations it seems obvious that both the sensory and motor nerves
are afieeted by the poison, and that the sensory nerves are far more susceptible
than the motor nerves, and that the depression of the sensory nerves may be con-
nected with the depression of reflex activity; but it seems more than likely that
the loss of reflex activity is essentially of spinal origin, sinee there is not a slow,
eradual diminution of reflex activity but a sudden paralysis—a characteristic which
may be considered almost exclusively spinal,
 The Spinal Cord.—We have already stated that the motor columns of the cornd
remain irritable after complete paralysis of the sensory columns, We have
supplemented these observations by some experiments showing the direct action
of venom upon the exposed spinal cord, which prove that the motor columns them-
selves ultimately suceumb to the poison. In two experiments made upon large
frogs, in which was laid bare the spinal cord in the dorsal region and in which
the animals were left to fully recover from the shock, a concentrated solution of
the dried venom of the Crofalis adwmantens was placed on a small portion of the
cord. Before the application of the venom the cord responded actively to slight
mechanical irvritation; after the application of the venom there oceurred a gradual
impairment in irritability for the first fifteen minutes; this impairment increased,
go that at the end of two hours the cord would not respond to moderate eleetrical
stimulus. The diminution of function continued until at the end of seven hours
the strongest current induced no response, although the motor nerve trunks
responded actively.

Voluntary Mofion.—Usunally the earliest signs of nerve poisoning with venom
are a disturbance of éodrdination and loss of voluntary motion.  In frogs we found
that as long as voluntary motion lasted the reflexes were active, but that with a loss
of volition reflexes were at once decidedly diminished and suddenly disappeared.  In
frogs in which the abdominal aorta was ligated so as to prevent the poison from
[l.ﬂ-li"ﬂtillg the nerves of the posterior extremities, the results were similar,

In a number of observations made upon mammals the above conclusions were

7 April, 1854,
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borne out.  'We have also found that the orbital reflexes are completely gone before
death, and that before their loss voluntary motion disappears. Moreover, if the
spinal cord is irritated immediately after the cessation of the orbital reflexes it will
bee found that irritation will give rise to movements in the posterior extremitics
only, and that after the cord will no longer respond to irritation the motor nerves
are still exeitable, After the motor nerves cease to respond the muscles remain
irritable.

These resnlts all go to establish the conclusion that the respiratory centre is the
most villnerable point of the nervous system, that the eoordinating and volitional
centres are then prominently affected, that the sensory part of the spinal cord and
the sensory nerves are next attacked, and that the motor parts of the cord, and
the motor nerves are the last to succumb,
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CHAFPTER VI

THE GLOBULINS AND PEPTONES COMPARED AS REGARDS LOCAL
POISONOUS ACTIVITY.

It seems needful at this place to consider the relative loeal toxic capacity of
globulins and peptones, the two substances found in varying quantities in all venoms
as yet examined,

In order to do this effectively it will be needful at the risk of anticipating a part
of what belongs strictly speaking to the pathological section, to speak briefly of
the maeroscopical lesions brought about at the seat of injection by these potent
substances.

What takes place intensely where the injection needle enters, but represents in
a violent and coarser manner lesions to be found soon or late throughout the
body, and this especially applies to entive venom and to the globulins. These
studies of local changes are not without definite explanatory value, It has long
since been shown that the cobra and the rattlesnake are distinetive poisoners, and
now our latest work seems to explain just why this is so, and enables us to see
already that what might efficiently aid one bitten by the Indian serpent, would be
by no means sure to succor the victim of our own less fatal snake.

Venom Feplones.  Local Action.—The albuminous elements of venoms arve, as
already shown, two in number, and belong by virtue of their reactions respectively to
the classes, peptone and globulin.  Henee, as we now see with elearness, it is easy to
separate them by boiling, which if bricf, destroys the globulin as a poison and leaves
the peptone unaltered. When after boiling we inject the fluid and coagula, we
still poison, if the dose be large, for the venom peptone is toxically unchanged. 'The
wound shows, however, hardly any of the singular appearances which characterize
lesions due to fresh or unboiled venom. Boiling leaves the poison less active
locally. If confinued it also affects more or less the general toxicity, but this
influence is most marked in the Crotaline venoms, because in them the peptone is
least in amount and is also the least deadly of the two constituent poisons.

Venom Peptone.— When venom peptone in full dose is injected into the breast of
a pigeon, if the animal dies within an hour or two, there is scarcely any appreci-
able local effect, as will be clearly secen by examining the results of experiments
recorded in the chapter on the influence of various agents on the poisonous activity
of venom, If the dose be smaller, so that life is prolonged, the first local effect
observed is a considerable mdematous swelling without any dark discoloration.
After the lapse of about eighteen hours there is apt to be some discoloration, and
generally a discharge of muddy putrescent serum. I the animal be killed after a
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day it will be found that the muscles on the injected side about the region of the
adema are pale and bloodless, having the appearance of half-cooked chicken meat.
In animals which lived longer there was sometimes found considerable congestion,
marked by greenish streaks, and giving off horrible putrefactive odors. In others
beneath the wdematous swelling lay a eavity about an inch in diameter, which
was full of broken-down tissue, having a muddy, gangrenous appearance, and
decidedly putrescent, while the surrounding muscular tissues were not apparently
altered in appearance, In none of these experiments were ecchymoses found in
the intestines, and in all of them the blood was coagulable.

In the following experiment Crotalus peptone obtained by dialysis was at 2:37
injected into the breast of a pigeon; $:15 weak ; 3:50 rocking slightly, no local
discoloration, some slight edematons swelling; 4:00 more unsteady on its feet;
45 there was considerable watery effusion in the subeutancous cellular tissue on
the side of the injection. The following afternoon there was a large swelling
over the site of the wound. It was an inch or more above the healthy skin,
and was apparently purely wdematous in character, there being no dark discolora-
tion nor appearances of congestion. The superficial local effect was in every way
unlike that produced by the globulins. The following afternoon (after 48 hours)
the pigeon died. The swelling was unaltered as to size, and but very little
discolored. The tissues around it were slightly darkened, the coloration fading
away gradually at about one-half inch from the border, and there was a well-defined
pale streak of tissue between the swelling and the surrounding tissue like a line of
demarcation.  Upon entting into the tumor serum dropped from the incision, and
the subcutaneous cellular tissue was found greatly infiltrated.  “The swelling seemed
to be almost entirely eedematous and the serum had a putrefactive odor.  The mus-
cular tissues were greatly congested and somewhat*blackened, and in places as green
as though infiltrated with bile. This green appearance conld be seen distinctly
through the skin on the surface of the superficial muscles, extending over the
entire side of the breast. The odor emanating from the eut muscles was also putre-
factive. In the intermuscular tissues there was some greenish gelatinous matter,
Beneath the swelling was a streak of muscular tissue about ene-fourth of an inch
thick, which was very pale, like half-stewed meat, contrasting strongly with the
other parts of the museles.

All of these observations on slow poisoning were made with peptone derived
from the venoms of the Crofalus adamanteus or the Moccasin,

Judging from the fact that the venom peptone does not give rise to any darken-
ing of the muscular tissues within a short time after injection, and indeed, as it
scems probable, not until putrefaction has set in, it is likely that the darkening
and congestion which ultimately occur are to be regarded as mere secondary
effects, and due to putrefactive changes indueed by the poison.

The peptones, whether obtained by boiling or dialysis, seem to cause loeally an
enormous wdema, gradual breaking down of the tissues, and rapid production of
horrible putrefactive processes, with finally a more or less extensive slough. ‘They
possess little power to produce large hemorrhages, beeanse they do not so well as
venom globulin destroy the coagulability of the blood. Henece in peptone
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wounds there are only such local bleedings as are due to the leakage caused by
gangrenous processes, The ragged, sodden grayish look of the museles is very
remarkable, and once seen is too unfamiliar not to be remembered as a most
striking pathological appearance. For effects of peptone, see Plate 1.

Venom Globulins.  Local Influence.—When we inject unboiled venom, we are
using globulin as well as peptone, in amounts which differ with every serpent, If
we use the isolated globulins the contrast in the local phenomena as compared with
those caused by peptones is immense. The different globulins already described
were all examined in this connection.

As the globulins are insoluble in water free from salines, dialysis kept up long
enough, as from forty-eight to seventy-two hours, in a temperature so low as to
insure absence of putrefaction, will throw down the mass of the globulins in a
form which enables us to colleet and re-dissolve them. "Three drops of Moceasin
venom were mixed with 6 ¢ c. distilled water and dialysed by a current of pure
water for fifty-six hours. As the salts passed out a precipitate increased within
the dialyser. After having been washed with distilled water, it was thrown into
the breast of a pigeon. Death took place in twenty-four hours. This delay in a
fatal result was owing to the dose being small, and perhaps also to the fact that it
did not represent all the globulin of three drops of venom; after death there was
a tense black swelling at the site of the wound, and the tissues, for two inches
in every direction, were soaked with black absclutely fluid blood.

It is difficult to subject venom constituents to any processes like solution or dry-
ing without more or less altering their toxicity, Desiceation certainly affects whole
venom, and in a measure lessens the severity of its local symptoms. The same is
true of venom globulins. An equal dose of globulin dried and redissolved takes
longer to kill, than if not previously dried ; also if the dried venom be given in
unusual dose, the loeal effects are slighter than those seen with pure venom or
fresh globulin in smaller dose, but killing within the same time. A long survival
of course enables the local phenomena to develop and might mislead as to the fact
of drying having an enfeebling influence.  Desiceation greatly lessens the solubility
of venom, and of its albuminous constituents, and in consequence they fail to
permeate the tissues and to enter the blood at the rate which characterizes fresh
ViEIome,

In the experiment which follows, death was long delayed, and owing to this the
local results were strongly marked.

A quantity of globulin obtained by dialysis, representing two grains of the venom
of the Crotulus adamanteus, was allowed to dry. It was then placed in a little
distilled water, and after a few minutes a small amount of common salt was added,
which cansed the venom and water to form a milky solution.

‘This was injected into the breast muscles of a pigeon at 3:25; 3:40 some darken-
ing and swelling of the side of injection; 4:25 unable to stand; 6:00 convulsions,
followed by death.

Autapsy.—The local effect of the venom was remarkable ; beneath the skin in the
arcolar tissue, over the wonnded side and over halt the breast of the opposite side,
was a mass of bloody gelatinous effusion, and the muscles beneath on the mjected
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side were swollen and darkened and enormously infiltrated with blood. See Plate
11., Fig. 1.

These experiments, which have been supplemented by many others, give a some-
what definite idea of the marked difference in the local effects of the globulins as
a group in comparison with those produced by the boiled solution of venom, or
n other words by the venom peptone,

Experiment.—The water-venom-globulin from 0.03 gram of dried venom of the
Crofalus adamantens, dissolved in a little water by means of a few crystals of salt,
was injected into the breast muscles of a pigeon at 3:55. At 530 the animal was
dead.  The region of injection was terribly swollen, blackened, and suffused
with liquid blood. (The amount of globulin injected was about 0,003 gram.)

In a rabbit to which had been given some of the waler-venom-globulin intra-
venously, enormous extravasations were found when the abdominal cavity was
opened,

In another experiment with the water-venom-globulin obtained from the venom
of the Moceasin, the amimal lived for some time, and very characteristic effects of
slow poisoning from venom globulin were observed.

Experiment—One c. ¢, of distilled water containing 0.001 gram of waler-
venom-globulin from the Moceasin was thrown into the breast muscles of a
pigeon at 3:26. At 6:00 the local darkening and swelling of the tissues at the
region of injection were noticeable.  After twenty-four hours the animal was in a
generally fair condition ; the side was considerably darkened, and on the breast was a
large swelling, which appeared to be due to a bloody effusion into the subeutancous
tissne,  After forty-cight hours there was a discharge of red serum with a putre-
factive odor. The whole of the side was darkened and greenish, and had the
appearance of commencing gangrene,

Capper-venom-glodndin.—Some of the copper-venom-globulin from the venom of
the Crotalus adamentens was injected with a little water into the breast muscles of
a pigeon at 4::35. At 5:00 it was weak, but no local effects were apparent. On
the following morning it was dead. The local effects were intense; there was
considerable swelling, blackening, and diffusion of fluid blood, The heart was
arrested midway between systole and diastole, and contained fluid blood of a dark
color.

Dialysis-venom-glolulin.—Some of the dialysis-venom-globulin from the venom
of the Cratalus adamantens was injected into the breast museles of a pigeon at 5:03,
At 5:18 was sickish; 5:19 unsteady, side somewhat swollen and darkened; 5:30
local effect increased. Following moming—dead. Local effects intense—great
swelling, blackening, and diffusion of blood, which is incoagulable.

In another experiment, in which a larger quantity was used, the bird died in
twenty-five minutes, after the ocenrrence of stupor, incodrdination, deep laborious
breathing, and convulsions, There was no time for very decided local effects, but
the blood was tarry and incoagulable,

These experiments, which have been frequently repeated, render it elear that
the remarkable local effects produced by the venoms of the Crotalus and Moceasin,
and which are not observed after the venom is boiled, are due to the venom
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globulins, all of which bring about essentially the same local alterations. 'To
fully satisfy ourselves that these interesting local effects were dependent upon
the physiological activities of the globulins and not upon a possible contamination
by peptone, observations were made with the loided globulins. In none were
there the least evidences of the presence of any poisonous element,

Whevever globulins alone are used, we have these local bleedings, fluid blood,
and ecapillaries giving way soon after the poison reaches them, The system at
large soom or late repeats the coarser phenomena of the wound; and yielding
vessel walls, fluid blood, and countless hemorrhagic outflows exhibit the power of
the globulins. Peptone, or, which is much the same, briefly-boiled venom, causes
putrefactive changes swiftly, and shows but slight capacity to make fluid the blood,
or to corrode the capillaries. The wound is foul and cedematous, but not filled
with blood, whilst in its general effects the venom peptone fails again to exhibit
the capacity of the globulins to multiply hemorrhages, and to destroy the natural
ability of the blood by clotting tg check its own wasteful expenditure,

In proportion as the peptones predominate will we have then a lessening of
rapidly formed loeal lesions, and this is of conrse why Cobra venom does not give
us the same terrible loecal consequences which ensue in Daloie, Moseasin, and
(rotafus bites, where we have the potent combination of enough peptones and an
excess of globulins. For a comparison of the local effects of Cobra and Crotalus
poisoning, see Plate 1L, Figs. 2 and 3.



ol THE VENOMS OF CERTAIN THANATOPIHNIDE.E.

CHAPTER VII.

THE ACTION OF VENOMS AND THEIR ISOLATED GLOBULINS AND
PEPTONES UPON THE PULSE-RATE.

SEction [L—Pure VEXOM.

Tue experiments made in connection with the pulse-rate were performed npon
rabbits, and in every case, unless otherwise noted, the poison was dissolved in 1
c. c. of distilled water and injected intravenously, usually into the external jugular
veln,

In researches made with the isolated poisons doses were usually employed
which represented the amount of the individual poison contained in the commaonly
emploved doses of the pure dried venom, thus giving a fair idea of the part played
by the individual principles in the rvesults produced. In some experiments, how-
ever, much larger doses were used to learn more fully the poisonous character
of these substances.

In all of our observations we find that the results produced in animals, under
apparently the same conditions and by using the same doses, vary very greatly;
sometimes the pulse is quickened from the first and remains beyond the normal
until death ensues, sometimes there is a primary diminution followed by an
increase, at others there is a diminution which continues until death, ‘The pulse
is generally found to vary much in frequeney. These facts all suggest that the
action of the pure venom is of a complex nature; there being several factors con-
corned in the various alterations, and ri.:JIdur it not improbable that in some instances
cechymoses in the varions organs may account for exceptional variations,

Twenty experiments were made with pure venoms upon normal animals; six of
these were made with the venom of the Ceatalus adamantens ; in three the pulse-
rate was diminished and remained below normal, in two there was a primary
increase followed by a diminution, and in one of these the pulse-rate afterwards went
above the normal, while in another there was a primary diminution followed by an
increase.  Of two experiments made with the Chiotalus horridus, in one there was
an increase which continued until death, and in the other an increase followed by
a diminution below the normal, this diminution in turn being followed by a rise
above the normal, which eontinued until approaching death. In two experiments
with the Aneistrodon piscicorus, in one there was an increase and n the other a
decrease.  One experiment with the Ancisteodon eontortriz gave an increase, 1In
one experiment with the Crotalophorus miliaris there was a decrease followed by
an increase.  In one with the Daloie Russellii, which was not a perfectly satis-
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factory experiment, there was a decrease, and in six experiments with the Cobra
there was an inerease in all, the increase being followed in three by a permanent
decrease: in one the increase was followed by a diminution, and this in turn by an
inerease; in two experiments there was a permanent increase, excepting near death
when a decrease ensned.

It will thus be elear that even under apparently the same conditions we cannot
foretell what the alterations in the pulse-rate will be in any given experiment;
although the results of the six experiments with Cobra venom are so uniform in
regard to the primary increase as to indicate that with it at least we should always
expect to find more or less acceleration which may or may not continue above
normal, even up to the time of death.

We may also add here, that we cannot trace any relations in the alterations in
the pulse, arterial pressure, and respiration to each other, so that it seems as if
the changes must depend essentially upon actions peeuliar to each apparatus,
‘This holds good with the study of the pure venoms or their isolated poisons.

Action of the Pure Venoms vwpon the Pulse-rale in Novmal Animals.

Ezxperiment No. 1.

T : Pulsations REMARKS.
min. see. per minate,
Normal i 285 Injected 1 drop of fresh venom from the Crofalus adantanieus
20 285 into the thigh of a large rabbit,
4 235
1 00 285
1 20 285
1 40 2855
2 0 ¥ Clot in eannla.
R ][] 2EH
T Gl 255
2 00 285
9 00 270
1o 0 270
11 o 240
12 00 255
13 00 270
20 00 270
21 30 a7
23 00 270 At 1:00 the blood-pressure began falling and reached a
minimutn at 10:00, when it was onc-third less thao the
norimal.

Experiment No. 2.

Time: Pulentions REMARKS,
min. sec. per minute,
Normual A 240 Illjﬂ'lftl!d 3 lll‘ﬁl]l:i of the fresh venom of the Crofalus adanan-
20 240 tetis into the thigh of a large rabbit.
410 240
1 Do 195
1 20 T Auimal broke loose and tore the canula from the artery

-] April, 1858,
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J"_"J'I.It'r';“ll'”-f No. 2.

Normal

Experiment No. 4.

Normal
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Timae:
min. =,

—

BL BD BD

1]
20
a0
40
11

0

20
40
L1
20
40

Thne §
min. 8o,
b
10
20
40
4l
1
1 0D
1 20
1 40
g 10
4 00
T 00
8 00
8 10
B 20
B 40
5 40
-1
10 30
13 0o
13 30
13 50
14 00
16 0D
16 05
16 30

17

1]

Fulzations
por minute,
255
240
235
225
210
1
195
210
210
235
270
210

Pulsations
peer minute.
J300

310
330
340
a00
a50
270
a0
280
270

i
280
300

a1
130
170
240
292
320
320
250

J00
400
280

250

REMARES.

Injected intravenously 0.003 gram dried venom of the Cro-
talus adawanteus in 1 ¢ ¢ distilled water.

REMARKS.

Injected intravenously 0.003 gram dricd venom of the Cro-
tulits adamanteus dissolved in 1 ¢ e distilled water,

Struggles accompanied by remarkably slow heart beats sud
cousiderable inercase of arierial pressure.

Injected 0003 gram dried venom dissolved in 1 e e distilled
water,

Repeated the injeetion.

Dead  Heart in complete diastole ; blood incoagulable, ecchy-
woscs in pericardiom and peritoncuiu,
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Experiment No. 5.

MNormal

FExperiment No. 6.

Normal

Experiment No. 1.

Narmal

Experiment No. 8.

Normal

Time:
min, s,
10
20
30
40
00
20
41k
ik
ik
Ul

[ ]

Time :
min. see,

5
20
30
40
i
a0
30
30
30
(111}
([11]
a0

e

O30 =F &M

i

Time :
min, s,
]
20
20
40
1 00

Time :

miln., sce.

10
a0
44
]
1]
i
1 40

Fulrations
per minuwlte,

235
270
120
180
285
285
285
28D
2HD
¥

Pulsations
per minuta,
423
315
214
285
200
254
203
240
240
225
195
195

Fulrations
por minate.
Hi0
2060
fLE
54
120

Puleations
Ly LN TN
S0
195

[H1]
o
130
220

260

REMARES.

Injected intravenously 0.015 gram dried venom of the Cro-
inlus adamantens dizssolved in 1 e, e, distilled water.

}- Struggles,

Ton fechle to connt,
Iriaud.

REMARKS,

Injected introvenonsly 0,015 gram dricd venom of the Cro-
talus adamantens dizsolved in 1 e, c. distilled water,

Dead.

REMARKA,

Injected intravenously 0,02 grom dried venom of the Crofalis
adamaalenz dissolved in 1 e e, distilled water,
Blood pressure inereased, probably due to asphyxia.

Dhemd.

REMARES,

Injected into the right caralid artery 0.015 gram dried venom
af the Crofalus adamaniews dissolved in 1 e e distilled
wialer.

Tread.
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Experiment No, 9.

Normal

Erxperiment No. 10,

Narmal

Erperiment No, 11,

Normal

THE
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Time ;

R I R

-y

1

[ s o
10
20
30
S
i
1
20
a0
40
40
4l
40
10
i

Time :

- 3 G0 = oy Wh LS B

L1 =N

]
1]

EEZEEZEESEcEE

Timi ;

e Q0 BD B e e e

all
10
30

L

Pulsstions

jof miiite.

225
285
240
240
240
240
240
2400
240
240
260
2%
330
ahn

Fuleations
P minate.

270

370
A0
50
225
240
2E0
280
330

L

Pulsations
per minute,

216
228
Do
245
252
240
284
280
BE0
280

REMARKS.

Injected intravenonsly 0,015 gram dried venom of the Cro-
falus horridue digsolved in 1 e, oo distilled water,

Convalsions.
Dead.

REMARKS,

Injected intravenously 0.015 gram dried venom of the Cro-
falus horridus dissolved in 1 e e distilled water,

Animal broke loose and was replaced—record before ihis
lime valueless.

Respirations eense,

REMARES,

Injected intravenonsly O.004 gram dried venom of the Aneis-
frodon pigctvorus dizgzolved in 1 o, e distilled water,
Caonvulzions,

Tnjected o similar dose.

Killed by pithing.
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Erperiment No. 12,

Normal

FErperiment No. 13,

Novmal

Time :
min. g,

EM &N N 2N 00 B B0 e e

- ]

oD N el =l =T =T

Lo
20
&0

LT
1]

(il
a0
LLLL
LLLL
a0
b
44
{153
15
25
45
25
ah
45
HH]
05
15
26

Time :
min. Bec.

P = T S QT ¥

10
30
(111]
0
(i1
30
30
a0
a0
&0
ol
Al
(1]

Pulsations
per minute,
Sl
S00
240
240
270
265
265

Tk
275
{111
BT
S0
BT
a60

200
145
130
T2
10y
115
120
132

Fulsatbons
per minate.

320
320
370
340
40
330
330
360
350
330
250
F60
300
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EEMARKS.

Injected intravenouzly 0.004 gram dried venom of the dneis
drodon piscivorus dissolved in 1 e. e. distilled water,

Injeeted as in the foreroing,

1

j Convaolsive movements

Animal died in o few minntes.

REMARES,

Injected intravenously 0.003 gram dried venom of the Aneis-
frodon contortrie dissolved in 1 e, e, distilled water,

Injeeted az in the foregoing.
Struggles.

Injection repeated
Death.
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Experunent No. 14.

Normal

Experiment No. 15.

Normal

Exporiment No. 16.

Normal

Experiment No. 17.

Normal

THE VENOMS OF CERTAIN THANATOPHIDEE.

Timee :

min, med.

an oa bh B O e

= =

20
20
40
ol
{11
L]
Lib
41k
il
20
20
20
20

Time &
i, see,

1]

an
1 00
1 20
3 20
5 20

Time:
min, sec.
1 00
3 0
8 00
10 o0
15
17 o0
19 0

Time =
mim. s,
20
a0
40
1 00
1 20
1 40
4 40
T 40
A 40
2 10
15 00

Fuleations

ot minEke,

250
a8h
128
133
240
285
285
290
a00
300
250
275
300
315

Pulsations
por i,

240
240
230
260
250
250
260

Dulsations

per minute

205
205
208
205
126
115
105

Pulsations
prer minuie,
260
270
250
250
250
250
230
240
250

190

REMARKS,

Injected intravenously 0.003 gram dried venom of the Crofa-
lophorus miliaris dissolved in 1 c. ¢. distilled water.

Etruggles.

Injected 0,006 gram.

REMARKS.

Injected intravenously 0.003 gram dried Cobra venom ilig-
solved in 1 ¢ e distilled water.

REMARES.

Injected intravenonsly 0.003 gram dried Cobra venom dis-
golveil in 1 e e distilled water with o few erystals of sadic
ehloride.

Dead.

KEMARKS.

Injected intravenously 0.0056 gram dried Cobra venom dis-
solved in 1 e e distilled water with a few eryslals of sodie
ehloride.

Clat in canula.
Dread.
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Ezxperiment No. 18,

Time : Pulsations REMARKS,
min. see.  per minute,
Naormal L A L] Imjected intravenouwsly 0.015 gram dried Cobra veoom dis-

1o 310 solved in 1 ¢ c. distilled water,
20 a20
alk 310
40 260

1 00 G10

1 30 i

o AW 440

2 10 a0

6 20 150

6 50 150

T 30 165

£ 20 sk Tread,

Lxperiment No. 19,

T Fulsatlons REMARES,
min, sec.  per minaic,
Normal A 20 Injeeted inteavenously 0,005 gram dried venom of the Daboia

10 200 Hngsellie dizsolved in 0.5 c. e distilled water.
15 280
20 250
a0 250
40 R Tetanic convulsions,

2 00 L Dead.

LErperiment No. 20,

Time: Pulsations REMARKS.
min. e, Per minute,
Normm o 216 Injeeted intravenounsly 0003 gram dried venom of the Cobra
[ et diszolved in 1 e, o distilled water,
13 P
20 252
40 252
1 00 2064
1 30 288
2 00 260
4 00 264
9 00 231
13 00 108
14 00 48 Respiration censed; artificial respiration used.
20 126

Actions of Pure Venoms on the Pulse-rate in Animals with Cwt Prewmogastvic
Nerves.—After section of the pneumogastric nerves we invariably found an inerease
which was, as a rule, very slight. Seven experiments in all were made on animals
thus operated upon: one with the venom of the Crofalus adamantens ; one with
the Crotalus horridus ; one with the Ancistrodon piscivorus; one with the Adneis-
trodon contortriz, and three with the Cobra.
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If:.rl'.i'('.l"i.i.lﬂ'ﬂlf No. 21.

Normal

Experiment No, 22,

Normal

Erperiment No. 23.

N ormal

Theme ¢

o BE e -

5]

o =¥

a

L s

10
an
L]
b1
([]1]
a0
40
i
30
ai

T =

[STIETR

WL e b G e s =

Thme:
min, sec.
20
S0
40
i
1 O
1 20
8 o
5 50
L]
& Du
10 0
12 00
14 00
19
17 10
1% 20
19 30
13 40
19 50
20 W

B,

20
it
20
au
)
20
2l
i

P uilmat b

pur minute,
295
11
Al
400
205
a0
S5
2400
285

Pulsations
per miimnte.

215

a0
385
dan
320
340
G40
350

Pulsations
per minute.

240
aun

200
S0
S0
240
225
210
270
200
25
270
270
285
240
255
255
255
240
2440
240

REMARKS.

Pneumogastrie nerves cut.  Injected  inteavenously 0,003
gram dricd venom of the Crofalus edemanlens dissolved
in 1 e e distilled waler.

Injected a similar dose,
Dhead.,
REMARER,

Prneumogastric nerves cot.  Injected intravenously 0.015
gram dried venom of the Crolalus horridus dissolved io
1 e e distilled waler.

Violent struggles.

REMARKS.

Poeumogastric werves cut.  Iojected intravenously 0,003
gram dried venom of the Ancistrodon precivorus dissolveld
in 1 e e distilled water.

Struggles,

Struggles.

Convulsions.

Tujected a similar dose,



Fulratlons
per minute.

240

200

[ra T E R T R
& ot B L Bh =T =2
R T R T R R
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HEMARKS.
Injected a similar dose.
Dread.
REMARKS.

Erperiment No. 24,

Normal

Ezperiment No. 23,

Normal

T :
min, see.,
20 20
21 X0
£3 20
25 20
3 20
33 20
38 20
144 20
44 40
45 10

Tiime:
mikn, 86
1]
20
Al
40
1 On
1 &0
4 20
]
T b
T 10
T 20
T 40
5 00
g 00
11 540
11 40
12 Do
12 30
13 0
13 30
19 0d
19 20
19 40
20 20
] )
22 a0

Timie 2
min, sce,
1
30
1 00
3 30
6 30
10 30
14 30
16 S0

Mauy, 18506,

Fulsations
per minate,

0y
a0
a1
310
a1
310
310
10
ali
F20
00
S0
310
315
ann
205
290
200
2940
200
285
270
270
e i)
285
285

Fulsations
pr minute.

220
]
330
30
B4
330
320
295

gl

Puenmogastric nerves cut.  Injected intravenonsly 0.003
gram dried venom of the Ancistrodon conloririe dissolved
in 1 ¢ ¢ distilled water.

Tnjocted o similar dose.
‘Birngzles.

Injected a similur dose.

REMARES.

Pnenmogastric nerves eut.  Injected intravenously 0,003
gram dried Cobra venom dissolved in 1 e e distilled water
with a few crystals of sodic chloride and filtered,

Clot formed in canula.
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,f':.rlm ritient .“-. 206,

Time : Iulsations REMARKS,
min, sce. per malmute.
Normal il 320  Poeumogastric nerves ent.  Injected intravenously 0.006
1y 316 gram dried Cobra venow prepared as in the foregoing
30 $30 exporiment.
1 30
1 &0 a0
35 385
0o 0 d340
9 30 320
11 30 330
I8 30 e Convualsions ; asphyxin; death in 2} minutes,

ﬁ';r]nr:.-'hm:m No, 21,

Time: Pulsations REMARES.
min. ®Boc, fer minutbe,
Normal s 290 Pneumogastric nerves cont. Injected  intravenously 0,003
] P gram dried Cobra venom dissolved in 1 e e distilled water.
10
20 306
1 00 200
2 00 L HI]
i 00 354
1 iy "ot in connla,
15 T Iread of asphyxia.

The Actions of Pure Venows om Animals in which Seetions of the Puewmogastric
Nevves andd aof the Upper Cervical Portion of the Spinal Cord had been moade—
After isolation of the heart from the nerve eentres by making section of the
preumogastric nerves and spinal cord in the middle or upper cervieal region, and
maintaining the animal alive by means of artificial respiration, we find that the
pulsations of the heart are almost invariably slightly diminished in frequency
upon use of venom. Seven experiments were made: three with the venom of the
Credalus adamanteus » one with the Crofalus horridus : one with the Anecistrodon
piscivorus ; one with the Ancistrodon confortriz, and one with Cobra,  In one expe-
riment with the Crotalus adamanteus in which two doses were given, there ceeurred
a diminution after the first dose, while there was a marked increase after the second,
In the experiment with the Crofalus horridus there was but little alteration,

Erperiment No, 28,

Time:  Pulsations REMARKS,
milin. see, per minote.
Normal e 240 Pocumogastric nerves and cord cut.  Injected intravenously
10 235 0,003 pram dricd venom of the Crofelus edemanteus dis-
20 agd galved in 1 e e distilled waler,
] 1) 225
40 215
1 D alo
1 20 210
1 40 210
2 40 S Dead,
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Experiment No. 29,

Time Pulsatbons REMARES.
ik, s, per minute,
Normal St 185 Puoeumogastric nerves and cord cut.  Injected intravenonsly

10 185 0.003 gram dried venom of the Crofalus ademaniens dis-
20 185 golved in 1 e e, distilled water.
a0 150

1 a0 L&

1 20 180

3 30 150

3 50 180

& 50 160

7 5O e Dreadd,

Feeperiment No, 30,

Time: Pulsations REMARKS,
min. &ec. per minate,
Normal . 240 Pneomogastric nerves and cord eut,  Injected intravenously

10 230 0.003 gram dried venom of the Crofalus adamantens dis-
20 230 golved in 1 e e distilled water.
b1 230
40 195

1 00 200

1 20 205

1 40 2110

2 0o 230

2 30 205

3 00 250

[l a0 ? Injected a similar doze.

G 0h 265

& 15 ey

G 35 20

T 05 2RO

T 35 260

8 05 260

15 05 e Dhead.

FExperiment No. 31,

Time : Fulsations REMARKS.
min. see. per minute,

Normal o 285 Pnenmogastric nerves and cord cat.  Injected intravenously
10 230 0.015 gram dricd venom of the Cratalus horridus dis-
a0 240 golved in 1 e, e distilled water.

40 240
1 0a 235
2 Do 240
4 DO 240
G 00 230
5 00 220
12 00 e Dhead.
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Ezxperiment No, 32,

Time : Pulsations REMARKS.
. e, per minute,
Normal sy 220 Pnenmogastric nerves and cord cut.  Injected intravenously
20 a1 0.003 gram dried venom of 1he Ancistrodon pazcivorus
dissolved in 1 e e. distilled waler.
a0 200 Btruggles.
40 200
1 DD 210
1 30 210
1 60 210
4 20 195
8 20 210
10 20 210
12 20 210
15 20 210
18 20 210
21 20 e Dead,

Experiment No. 33,
T 2 Pulsations REMARKS.
min. see.  per minote,

Normal 260 Pnenmogasiric nerves and cond eut.  Injected intravenously

1 855 0003 gram dreied venom of the Ancistroden confortrie
a0 250 digsolved in 1 e e distilled water.
40 243
1 O 243
1 30 245
2 O 240
4 00 &40
T 0 240
9 00 240
11 i 2440
13 00 240
15 00 240
17 0n 240
20 00 240
22 00 240 Injected O 006 gram.
28 15 !
23 30 § Dread.

Experiment No. 34

Time : Fuleations REMARES,
min. &b, por minute.

Normal P 230 Pnenmogastric nerves and cord ent,  Tnjected intravenonsly
10 25 0,003 gram dried Cobra venom dizsolved in 1 e, & digtilled
a0 215 waler. ;

1 00 210
a3 oo 215
& 00 215
L] 225
1 1 225
14 @0 225

19 (0 295 Killed by pithing.
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Summary and Conclusions of the Actions of Venowms on the Pulse-rate.—The
results of this series of experiments indicate that the primary tendency of venoms
is to canse an increase of the pulse-rate, that this tendency is greater after section
of the pneumogastric nerves, and that it rarely oceurs after conjoined section of
the pneumogastric nerves and the upper or middle cervical region of the spinal
cord,

From the inereased tendeney to acceleration of the pulse-rate in poisoning by
venom after section of the pnenmogastric nerves we infer that there is some direct
or indirect effect of the venom upon the pnenmogastric eentres by which an inhibi-
tory influence is exerted, and which tends to neutralize the action bringing about
acceleration.  Since hastent g of the pulse is a rare occurrence after comjoint
section of the pneumogas_ic nerves and the cervical spinal eord, we think that
the increase is due for the most part to some effect upon the aceelerator centres
in the medulla, whereby impulses are sent through (chiefly at least) those of the
accelerator fibres which pass by the cord. The increase of the pulse-rate which
may occur after division of the nerves distributed to the heart, by section of the
pnenmogastric nerves and cervieal spinal cord, must be dependent upon a direct
action of the venom npon the heart muscle or its contained ganglia,

The diminution in the heart beats must be doe to a divect cardiae aection, sinee
it occurs after isolation of the heart, as above, from any central nervous influence.

In these as in all other experiments which invelve intravenous use of venoms we
are liable to disturbing elements which do not trouble our explanations in dealing
with other poisons. At any moment, anywhere in nerve-tissue or muscles, we may
have abrupt and quite countless hemorrhages. How these may introduce con-
flicting symptoms and modify results has already been pointed out by one of us
many years ago.! They make absolute constaney of effects quite improbable.

Srerion I1.—Tae Actmions oF GLOBULING o THE Purse-RATE.

The Actions of the Venom Globulins on the Pulse-rate.—The actions of the venom
globulins upon the pulse-rate appear to differ somewhat in quality from what is
found in poisoning with pure venoms; there is a greater tendency to the primary
increase in the pulse than with pure venoms, while the action by which this is
brought about seems to differ.

Of cleven experiments in which the amounts used represented the proportion
of the respective globulins contained in the usnal doses of venom given, six were
made with the water-venom-globulin, two with the copper-venom-globulin, and three
with the dialysis-venom-globulin; all of these poisons, excepting in one experiment
with the water-venom-globulin of the Ancistrodon, were derived from the venom
of the Crotalus adamanteus,

The water-venom-globulin seems to be the most active, and the copper-venom-

! Researches on the Venom of the Rattlesnake. 8. Weir Mitchell, 15G1.
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globulin the least so. Of the six experiments with the former, in four there was
a primary inzrease in the pulse-rate followed by diminution, and in one case by a
subsequent increase; in the other two there was a diminution from the first, the
pulse regaining its normal frequency, or, as in one instance, rising above it

In both the experiments with copper-venoms=globulin there was a primary increase
followed by a diminution in one case, and in the other by a return of the rate to
about the normal.

In the three experiments with dialysis-venom-globulin, a primary increase occur-
red.  In two this was followed by a drop below normal, while in the other the
rate remained above the normal.

Ezperiment No. 35,

Time: Pulsatinns REMARKS.
min. =ec.  per minote.
Normal iy 200 Injected  intravenonzly 00012 gram waler-venom-gloebulin
10 F05 (= 0,015 gram dried VeI ) from the venom of the Croa-
20 410 falug adamanieus,
40 415
j 1) 200
1 0 270
8 00 270 -
i 00 270
T 0D 30
LU 11 280
12 00 200
15 oh {11
18 00 315
25 0l 320
35 i 330
45 330
55 00 330 Rilled.

Lrperiment No. 36.

Time: Pulsations REMARKS.
min, #ec.  per minute
Normal o 10 Injected intravenously the wafer-venam-globilin from 0.03
10 310 gram dried venom of the Crofalus adaomanteus.,
20 275
40 265
| 0
1 20 260
1 40 230
3 40 280 Clot in cannin.
T 40 310
9 40 310 Injected waler-venom-glebulin from 0.015 gram dried venom.
10 00 313
10 20 300
10 40 300
14 O 300
17 Db a00
200 00 a00

B0 00 300 Killed by pithing.
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Leperiment No, 37.

Normal

Erperiment No. 38,

Normal

Lirperiment No. 39.

Normal

T ;

min. see.

B e e ode e e

m=r

Time:
mil. soc.
10
20
Sl
Hib
1 00
1 3o
3 30
3 30
T 30
9 30
12 30
14 30
16 &0
1T S0
19 S0
21 30
26 00
25 00
80 00
30 15
35 00
37 00
39 00

10
20
20
5
10
Lk
0
45
40
pill]

Time

min, see.

e e e

30
il
a0
a0
a0
ihil
41
10

Pulsations
per minute.
420
a0
$50
204
SO0
S0
A
Al
10
Sl10
a1

Tuleations
per minute.

270
200
205
295
260
255
260
265
260
26
264
260
260
270
275
275
2610
260
240
260
240
260
260
2548

Pulsations
per minata,
280
250
230
2201
SR
260
1500
260

250

REMAKKS,

Injected intravencusly 0.0033 gram waber-venow-globulin
from the dried venom of the Crofalus adamantess dissolved
by the addition of a trace of sodic carbonate,

Injected double dose,

Injected double dose.
Killed by pithing.

REMARKS.

Injected intravenously the water-venom-globulin from one
minim of fresh venom of the Crofalus adamanteus.

Clot in canula,

Clot in canula,

Aunimal killed by pithing.

REMARKS,

Injected intravenously the water-venoni-globulin from 0.004
gram dried venom of the dncistrodon piecivores dissolved
in 1 e e distilled water by the addition of o few crystals of
sodic ehiloride. :

Injected a similar doze.
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}"..J"!.l'l"l'i-l'ﬂi nif No, 40,

Thme : Puleatlbons REMARES,
Mk, . per minabe,
Normal ¥ 212 Injected intravencusly the waler-venom-globulin from 0,015
{1} a gram dried venow of the Crofalvs adaniantens.
10 314
20 S i
bl 360
1 30 416
2 an J04
& 30 324
10 30 S04
1 3o 60 Hematuria.
19 30 BT
24 80 354
29 30 179
34 4o 372
412 30 78
47 30 378
52 &0 i
51 40 dndl
67 30 316
T 40 alG
EO 30 120
85 dhare Dead; eechymoses in intesiines ; blood Auid,

Erpeviment No. 41,

Thme : Pulsations REMARKS,
min, see. e minute.
Normal Ad oo a8 Injected intravenously 00012 gram copper-venom-globulin
10 245 from the dricd venomw of the Crofelus adamanfeus,
i 00
a0 a5
5l 250
2 5D 270
4 50 270
G 5o 260
8 5o L]
10 50 255
11 50 260
7 20 Qa0
15 20 280 Injected o similar dose,
18 I 300
18 40 20
18 50 245
1% 00 280
20 op 235
28 00 255

271 0a 200
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Ezperiment No, 42,

Normal

Ezperiment No. 43,

Normal

(L]

Time :
min. &ee.

26
20
26
26
27
2N
29
il

34
41
41

43
45
a2
it

10
30
i
{ih
L]
1]
U
Lhk
i
L
L1
00
1]
20
il
L1
L1
L1
ULl
1]
(hi
[
o
111
(i1}
1]

Tiene :
min. sec.
20
40
0
1 20
g 20
H 20
18 20
15 23
15 30
18 45
19 05
19 25
1% 5b
20 25
21 25
22 00
S0 00

May, 1886,

Maleations
per minute.

2
200
805
a10
210
a0
a0
S10
310
512
2E0
280
250
285
200
290
200
200
250
270
200
295
2010
285
85
205
205

Pulsations
per minute,
290

265
a1
305
295
275
274
250
290
280
270
270
270
138
215

REMARES,

Injected intravenously 0.00225 gram copper-venoni-globulin
from the dried venom of the Crofalu: adaomanfeues,

Clot in caniila.

Injected 0.0045 gram.

REMARKS.

Injected intravenonsly 0.0017 gram dialysis-venom-globulin
from the dried venom of the Crofalus adamanicns dissolved
in 1 e ¢ distilled water with o traee of godic carbonatbe,

Animal broke loose.

Tnjected 0.0084 pram diolysiz-venoni-globelin.

Strugeles

Dnd.
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f‘}lﬂ-f riment No, 44.

Tiime

ELT.

MNormal

1
11
12
14

ﬁb‘jﬂ':‘itﬂﬂd No. 45,

LLE v

S0
i
(hp
0
L
(L]
40
40
ELL
20
L
20
5l
ok
20

B0

ol
ol
i
20

Timae :

midin. s,

Normal

Si o1 W g e

=l =t

En e 1 RGBS e e
G & 0 WD K

The Actions aof the

10
20
&0
L]
1]
{1
L
i
a0
4
Al
a0

0

g
a0
40

Fulsations
o minube.
265
28l
200
270
270
Ey LY
2
280
b1
244
285
285
S0
00
bl
3
iy
S0
L
S0

Fuleations
peer milnunte.

250
250
J00
205
280
26
260
250

255

5
260
270
2l
260
270
204

REMARKE,

Injected intravenously dialysis-venom-globidin from the dried
vepom of the Crolalus adamanteus.

REMARKS,

Injected intravenonsly 00017 gram dielysis-venom-globulin
from the dried venom of the Crofalus adamanteus.

Clat formed in canula.
Tnjected 00034 gram,

Etruggles.

Venom Globuling on Awimals awith Cwd Prewmogastvic

Nerees,—In five experiments on animals with ent pneumogustric nerves—one with
the water-venom-globulin, two with eopper-venom-globulin, one with dialysis-venom-
globulin (all from the Crotalus adamantens), and one with the water-venom-globulin
of the Cobra—there was a tendency to a lowered pulsr.'-mtﬂ, Hhhnugh in one
experiment there was a primary increase, and in another a slight inerease above
the healthy number after repeated injections. The effects were generally less
than in normal animal,



THE ACTION OF VENOMS UPON THE PULSE-RATE,

Experiment No. 46,

Normal

Leperiment No, 47.

Normal

Lrperiment No. 48,

Normal

Experiment No. 49,

Normal

T :
min, seo.

10

20
1 oo
1 40
3 40
5 40

Time :
min, sec.
¥
15
25
45
1 15
2 0o
4 00
3 (M
15 o0
15 00
28 Do
23

Time :
min. see,
20
40
1 10
2 10
5 10
T 1D
9 10
23 10
23 40
24 15

Time :

midn. see.

i R~ R VY

20
4
5
ol

H1L
1]
5

Pulsations
Per minate,

205
220
230
210
10

il
180

Pulzations
por minuke,

324

32
318
24
300
04
210
2HH
S0
319

Pulsations
per minute,

B
a00
288

285

-

Pulsations
T mlnute.

B
ant
J00
300
J00
300
a0
Z00
S0

-l
T
e !

REMAKRES,

Pnenmogastrie nerves cul.  Injected intravencusly 0.0011
gram waler-venom-olobulin from the dried veoom of the
Crotalus ademaniens,

Clot in cannla,

REMARKS.

Pneamogestrie nerves cut.  Injected intravenonsly wafer-
venom-globulin from 0.955 gram dried Cobra venom dis-
galved in I e e, distilled water.

Animal broke loose from eanala.

REMARES.

Ponenmogastric nerves cut.  Injecied intravenonsly 000012
gram copper-venoni-glolufin from the deied venom of the
Crofalus adamanteus,

Injected 0.0024 gram,

i i i

Killed.

EEMARES,

Ppenmogastric nerves ent.  Injected intravenonzly 00012
gram copper-venom-globulin from the dried venom of the
Cralaluz adamanfews.
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T :

mifin,

13
|
16
16
16
16
17
19
21
23
25
268
2

Erperiment No, 50,

Time =

min, sec,
Normal .

1y
20
&0
5
1 &0
4 20
6 20
B 20
10 20
12 20
17 &0
18 2D
18 40
19 00
19 15
19 20
21 50
23 00
25 00
27 00
29 00
34 00
HE ]
a8 30
i1 00
47 DD
49 DD

il
hilb
]
L1
il
45
45
45
45
45
45
45
(1]

Polsatinmne

et il mwke.

L
SO0
L
ann
aon
L1

Puleations
P minute,
ala
305
J00
1]
310
B{111]
2l
00
205
285
300
200
a00
F10

420
aai
20
aln
a10
<10
310
a5
1L
290
240
217

REMARES,
Injected 0.0024 gram.
i i
Struggles,
Animal killed by pithing.
REMARES,

i"nfumﬂgﬂalri: nerves cut.  Imjected introvenously 0.0017
gram dialysiz-venom-globulin from the dried venom of {he
Crofalus adomoniews.

Stroggles.

Struggles.

Injeeted 00034 gram,

Btroggles ’
L}
Diead.

The Actions of Venom Globulins on the Pulse-vate in Animals with the Puewino-
gastric Nerves and Cervieal Spinal Cord ("wf.—In four experiments in which the
pnenmogastric nerves and spinal cord in the middle cervieal region were cut—one
was made with the wafer-renom-globulin, one with the copper-venom-globulin, and
two with dialysis-cenom-glolulin of the Crotalus adamantens: in one experiment
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there was a fall followed by a rise to the normal, and succeeded by a slight fall;
in a second the pulse-rate always remained below normal, while in the third there
was an almost inappreciable rise, this followed by a fall, and by an increase due to
a further injection of the poison. The last showed a slight fall, then a return to
the normal.

Experiment No, 51,

Time : Pulsations REMARES.
min. see.  per minute,
Normal . 250 Pneumogaztric nerves and cord cut.  Injected intravenonzly
1 250 0.0011 gram weler-venom-glolufin from the dried venom
30 215 of the Crotalus adamanteus,
1 00 241
1 10 240
2 10 245
3 10 245
F 10 245
7 10 245
9 10 a4h
11 10 250
15 10 250
17 40 245
1% 00 240
21 00 240
25 00 240
25 00 240
T 00 240 Killed.

Experiment No. 52,

Theme & Pulestions REMARES.
mim. &0, por minote.
Normal e 55 Poneomogastric nerves and cord eot.  Injected intravenously
10 255 00048 gram copper-venone-globulin tom the dricd venom
i) Qi ol the Crolalus adamontens,
40 250
1 oo 250
8 a0 240
5 40 225
9 80 225
11 30 210
13 30 2140
16 30 210
17 o0 204 Injected 0.004% gram,
17 30 210
18 00 210
20 0 210
24 00 195
26 00 180
25 00 180
a0 00 150
38 00 180

34 00 187 Killed.
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.f':.r_.ur riment No, 53,

Thamae : Froil sal loas HEMAHRKS,
ONEN, e = miniEbe.
Normal et 240 Poenmogastrie nerves and cord cut.  Injected intravenously
10 240 0001 gram dialysis-venom-globulin from the dried venom
il 245 of the Crolalus adamaniews.
1 a0 230
3 00 230
6 00 2320
B a0 220
10 30 230 Injected 00084 gram.
12 30 230 i = =
12 50 221 .
13 10 225
13 50 210
IE 50 210
15 n 2010
16 00 190
15 00 AP, Dead.

Erperimment No. 4.

Thime : Pulaations REMARKS,
min. sot.  per minute,

Naormal A 300 Poenmogastric nerves and cond ent,  Injeeted intravenoosly
10 2400 0. 0068 gram dialysisvenom-glolmlin from the dried venom
an 2010 of the Crotalus adamanieus,
g0 200
40 300 Tremors.
an LY

1 a0 300

1 10 S00

1 20 200 Clot formed in canula,
LT i Denil,

A review of the results of these experiments with the globulins on the pulse-rate
in normal animals indicates that water-venom-globulin is the most potent, and the
copper-venom-globulin the least so. With the former there oceurred in four of the
six experiments a primary increase followed by a fall, while in the other two there
wis a diminution from the first. In experiments with the copper-venom-globulin
and dialysis-venom-globulin there was always a primary increase, and in four out of
the five experiments this was followed by a decline.

After section of the pnenmogastric nerves a primary inerease (due probably to
some accidental canse) oceurred in one out of the five experiments, in two of
the other four there at first was no appreciable change, and then a diminu-
tion, while in the remaining two there was a lessening of the rate from the
time of injection. These results suggest that the increase of the pulse-rate, which
oceurred in animals with intact vigi, was in some degree at least dependent upon
an influence exerted through the pneumogastric centres and nerves. Tt will be
observed that we here have results which are directly opposed to what we have
seen with pure venom ; that is a lessened tendency to the primary inerease of the
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pulse after section of the pneumogastric nerves. If the increase in the pulse-rate
in normal animals is due for the most part to excitation of the accelerator centres,
whereby impulses are generated which pass chiefly through the accelerator fibres
running in the spinal cord, it would seem probable that the accelerator impulses
induced by the globulins take for the most part the course of the fibres through
the pneumogastric nerves, but are much feebler than the impulses which are gene-
rated by the pure venoms, and which take their path chiefly through the fibres in
the spinal cord.

After section of both the pneumogastric nerves and cervieal spinal cord, we
found in all of our experiments a diminution in the heart-beats; this must be due
to a direct action of the globulin upon the heart.

It therefore seems probable that the globulins cause a primary inerease of the
pulse by an excitation of the accelerator centres, whereby impulses are conveyed
principally by the accelerator fibres passing through the pneumogastric nerves;
and a diminution of the heart beats by a direct action on the heart.

Secrion 111 —Tne Actions ofF VENoM PeErroxes vrox ™THE Prrse-Rate

The Action of Venom Peplones on the Pulse-rate.—In seven experiments made
with peptone on normal animals—four with the peptone from the venom of the
Crotalus adamanteus ; one with that of the Ancistrodon piscivorus ; and two with
that of the Cobra—we find results which vary and which resemble closely those
obtained by the administration of pure venom. In three experiments there was a
primary inerease of pulse followed generally by a diminution; in three the pulse
remained below normal; while with Ancistrodon peptone there was a primary fall
of rate followed by a rise.

The differences in the results, as in previous experiments, do not seem to
depend at all upon the dose or the variety of venom from which the peptone was
obtained,

Eaxperiment No. 55,

Tims: : Pulzxtions BREMARES
min. Bec, per maimunte.
Wormal ok SRl Injected intravenonsly the peplone from 0.015 gram dricd

20 102 venom of the Crodalus adomanfens.
an 190
40 19k
1] 140

1 (0 I =i

3 00 1810
fhu a4l Struggles.

11 o pLE] Strugglea,  Droke loose,

49 00 S Dread,
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Experiment No, bb,

Time; Pulsations REMARKS,
ki, Bec. per minwle.
X ormal hy 235 Injected intravenonsly the peptone from 0.03 gram dried
1 24l venom of the Urolalue adamanteus.
a0 260
1 O 285
g 00 270
5 00 FLHI
a0 2510 Killed by pithing.

Erperiment No, 57,

Time: Pulsations REMARES,
min. see, per minute.
Normal =0 250 Injected intravencusly the peptone from 0.015 gram dricd
a0 250 venom of the Crofalus adomanteus.
1 o0 270
1 30 285
4 30 a7
10 30 %0 Lnjected double the amount.
10 50 270
11 10 270
11 30 270

Ezxperiment No. 58.

Time : Pulsatbons REMARES,
miln, e, peer minute.
Normal L 10 Injected intravenonsly the peplone from 0.015 gram dried

1 270 venom of the Crofalus adamanteus.
20 270
aa 270

1 on 280

1 a0 200

2 0 200

2 30 290

3 o0 260

5 00 200 Injected a similar quantity.

5 20 260

&40 260

(1] 240

6 30 255

T 00 250 Injected double the quantity.

T80 240

8 0b 260

Exrperiment No. 59,

Thme : Pulsations HEMARKS.
min. sec. peer o imate,
Normal i 300 Injected intravemously the peplone from 0.05 gram dried
1y 175 venom of the dncislrodon piscivorus, .
30 110
1 00 285
1 20 2091) :
1 40 300
2 00 310
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Experiment No, 60,

MNormal

Experiment No. 61,

Normal

Time :

2

B 0% o% oo EN ER BD

BOC,
20
40
40
&0
(11]]
20
20
40

Time :

mie.

1
1
3

fi
11
16
16
17
1=
15
149
11
149
1%
20
20

B,
10
20
30
10
00
i)
20
a0
)
20
50
50
20)
50
00
10
30
50
10
a0

T -

M. s,

1
10
10
11
11
13
12
12

May, 1884,

1ib
15
1]
5l
20
20
20
40
511
20
an
(1)}
i
40

Pulsations
per minute.
540
315
340
348
340
340
340

Pulsationg
por minuke.

225
220
220
220
250
2E0
230
204
lis
2E0
20
200
150
L
1350
140
110

58

35

a5

Pulsations
por minute,
2090
300
aln
2440
245
235

97
T2
J00
L
1k
- H]
120
1]

REMARKS.

Injected peptone from 0.01 gram venom.

Killed.

REEMARES,

Injected intravenously the pepdone from 0.005 gram dricd
Colra venom.

Biruggles,

Convolsive twitchings.

Blood is asphyxisied ; no respiration.

il

BEMARKS,

Injected intravenously the peptone from 0.06 gram dried
Cobra venom.

Tone eonvulsions.
Convulsive twitchings; asphyxiated blood ; respiration
censed,

Drend.,
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The Actions of Venom Peptones on Animals in which the Paewmogastric Nerves
houd been Cut—Four experiments were made with the peptone on animals the
pneumogastric nerves of which had been previously eut.  In three of the four there
was a primary increase in the pulse, while in the fourth there was a temporary
diminution followed by a rise above normal. These experiments are in accord with
those made with pure venom, and indicate a greater tendeney to primary pulse
frequency after section of the pneumogastric nerves,

One of the above experiments was made with the peptone from the Crotalus
adamanteus ; one with the Ancistrodon piscicorus ; and two with the Cobra.

Erperiment No. 62,

Time : Pulisa thons REMARKS,
min. see, per minate.

Normal 285 Preumogastric nerves eut.  Injected intravenonsly the pepdowue

L0 285 from 0,015 gram dried venom of the Crolalus adamanteus,
&0 285
4l 1] Struggles.
H1 ] S
1 BT
1 20 a00
1 4o Bl
d G0 3156
a0 380 Btruggles.
13 30 345
20 40 825
25 30 415
a0 30 316
ah 00 a15
40 00 315
45 00 270
a0 00 255
G2 00 285 Killed. |

Ezperiment No. 63,

Time : Pulsations REMARES.
min. e, peer minute.
Normal A 295 Poenmogastrie nerves cut.  Injected intravenounsly the peplone

a0 215 from 0.015 gram dried vevom of the Ancistrodon prsei-
10 31a VOrus,
5l 314

1 ) AL

1 20 315

1 40 320

2 00 aal

2 30 310

1 40 102

2 & 150

3 00 2440

4 20 i Dend,
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Experiment No, 64,

Time: Pulsations REMARKES.
min, 6o, per minuate,
Normal e 250 Pnenmogastric nerves cat.  Infected intravenously the peplone
1y 2355 from 0,005 gram dricd Colira venom.
20 240
40 230
1 230
1 30 2850
3 30 830
5 30 230
T 20 280
9 30 220
100 00 a1
21 20 225 Twitchings,
25 a0 230 .
26 30 235 Killed.

Erperiment No. 65,

Time: Pulsations REMARKS.
min.  see prer aminuwte.
Normal s 264 Prnenmogastric norves cat.  Injected intravenoosly the peptone
10 265 from 0006 gram dried Cobra venom,
20 250
40 260
1 o0 260
3 00 270
5 00 270
16 00 275
it 00 s Dead.

The Actions of Venom DPeptones uwpon the Pulse-rate of Animals affer Seetion
of the Puewmogasivic Nerves and Cervical Spinal Cord —Six experiments made
on animals in which the heart was eut off from central nervous influence by section
of the pneumogastric nerves and section of the spinal cord in the middle cervieal
region gave uniform results, Three were made with peptone from the venom
of the Crotalus adumantews ; two with the peptone from the Aueistrodon piscivorus,
and one with that of the Colire.  In all of these experiments there was a diminn-
tion of the pulse-rate, and usually this was well marked. ‘These results are also
in accord with what was found in experiments with pure venom.

FExperiment No. G6.

Time FPuleations REMARKE,
min. &be. per ininnte.
Normal o 201 Prnonmogastric nerves and eord cot.  ITnjected intravenonsly
1k 155 the pepfone from 0,015 gram dried venom of the Crofalus
20 195 adamanteus,
41k 195
1 00 154
00 160
13 00 1495

& o0 200
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T Fulsations REMARKS
ik, s P=r gl
17 00 150 Injected peplone from 0,08 gram dried venom.
17 30 PR
19 30 187
21 30 (M1
23 30 150
25 30 150
3 30 165
34 30 ae Dhend.

E:rltw viment No, G7,

Time : Pislsations REMARKS.
min. e, por minule.
Normal i 262 Pneumogastric nerves and cord eut.  Injected intravenonsly
] oy the peptone from 0.015 gram dried venom of the Crolalus
15 276 adamanieus,
20 i
A 264
1 264
a0 246
2 00 2084

Expeviment No, G5,

Tima: PFuleatione REMARES,
min. see. per minute, ©
Normal Sy 324 Poenmogastrie nerves and cord ent.  Injected intravenonsly
1] s the pepione from .05 gram dried Cobra venom.
Il 300
Al al8
1 40 a6
5 40 272
10 40 276
15 40 11
ol } Injected & similar dose,
18 0 o
16 15 B
16 25 300
17 00 28
18 0 0
L s Diead.

In the above series of experiments with venom peptones we find results which
agree with those in which the pure venoms were used. 'We conclude, therefore,
that the peptones cause a primary increase and a secondary diminution of the
pulse-rate, and that they oceasion primary hastening of the heart beat by excita-
tion of the accelerator centres in the medulla, and that the impulses are carried
through fibres passing chiefly by the spinal cord. This increase is more marked
after section of the pnenmogastric nerves, thus suggesting that this principle has
some direct or indirect effect upon the pneumogastric centres, tending to slow the
action of the heart and to neutralize the accelerator influence, Peptones cause
the diminution of the heart beat by a direct action on that organ.
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CHAPTER VIII.

THE ACTION OF VENOMS AND THEIR IEOLATED GLOBULINS AND
PEPTONES UPON THE ARTERIAL PRESEURE.

Secrion I.—Pure VExOM,

Tre experiments made on the blood pressure with venoms and their izolated
poisons were all made on rabbits. The manometer tube was connected with one
of the carotid arteries, and the injections were always made into the external
jugular vein unless otherwise noted.

Eighteen experiments were performed with the venoms of different species of
serpents, and in all of them there was a distinet lowering of the blood-pressure,
It fell immediately after the injection, and indeed sometimes before injection was
complete, and the fall was generally so marked as to indicate a most profound action
of the poison upon some part or parts of the circulatory apparatus., If the dose be
not immediately fatal the pressure gradually rises, but finally undergoes a more or
less steady decline to death, At other times the pressure sinks without subsequent
rise until death ensues.

The tendeney in Cobra poisoning is to a decided rise of pressure following the
primary fall. In five out of six experiments with this venom the primary fall was
followed by a rise which went above the normal.

Of the eighteen experiments, five were made with the venom of Crofalus m:’f:v
mantens, in two of which the poison was given hypodermatically; two with that of
the Crotalus horridus ; two with the venom of Aneistrodon piscivorus ; one each with
the poisons Ancistrodon contortriz, Crotalophorus miliarius, and Daboin Russellii ;
and six with the venom of the Cobra. In all cases ether was given freely to the
animal poisoned.

Action of the Pure Venoms upon the Avterial Pressure in Normal Animals,
7

Ezperiment No. 1,

Time : Fresanre REMARKS,
min. sec. m. m.
Normal ke 126 Injected inte the thigh of o large rabbit 1 deop of (rezh venom

20 126 from the Cridales adamaniens,
40 126

1 00 124

1 20 122

1 40 120

2 00 118 Clot formed in cannla.

L ] 114
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Time Pressuire REMARKS,
BEAE, MY L. .
T b =4
= =4
9 0D x4
16 0 ]
11 i #3
12 op E:
13 0o 22
20 on a2
21 30 af
23 0o i
25 0l o
26 e Btruggles followed by death.

Erperiment No, 2,

Tileme : Pressure REMARES,
miln, e, ni. M,
Normal N 144 Injected into the thigh of n rabbit 3 drops of fresh venom

2 144 from the Crololus adamantevs.
11l 13%

1 o 136

1 20 150

1 40 150

2 00 126 Btroggles.  Animal tore loose from the canuln

Experiment No. 3.

Time : Prevsure REMARKES,
min, s, Hi, .
Kormal Il 0 Injected intravenously 0,008 gram dried venom of the Cro-

10 58 talus adamanteus in 1 c. c. distilled water.
20 54
&0 fhill
40 i8
a0 68

1 a0 ii8

1 20 a8 -

1 40 62

2 00 58

2 20 it

2 40 44 Death.

Erperiment No. 4.

Time 1 Pressune REMARKS.
min. see. m. m.
Normal M 1o Injected intravenounsly 0.003 gram dried venom of the Cre-

5 76 talus adamanfens disgolved in 1 e e distilled waler.
10 T
20 4
30 G2
40 G

1 0 HEd

1 20 58

1 40 ok

2 10 bR |
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Timae :
min. Bec.
4 00
T 00
8 00
8 10
g 20
5 50
B 40
% ol
10 i
13 00
13 30
13 5
14 00
16 00
16 03
16 3
17 o

Erperiment No, 5.

Time:

ok, B0

Normal

B ] e

Experiment No. 6.

10
a0
20
40
Y]
2
40
55
1]
(M)
1]

Time:

Normal

=0 L D0 e e

=
=

B

em

20
4
410
At
i
1k
20
an
40
41
40
40
40
Ly

T"rl-:a:ur'c
Eib. i,
45
40
110
L]
T4
i3
6
i1
H1H
ii4
il
il
48
14

Pressure
Y, i,
124
L3

(i1
a6
=4
il
ai
45
44
33
33

Pressure
. .

104
84
I8
T4
b1
15
T0
id
(A}
11
h2
48
40
14
414
43
48

REMARKS.

Ei-lrllgglt'ﬁ.

Injection as before,

Ded.  Ieart in complete diastole.  Eechymoses in pericar-
dium and peritoneum.  Blood incoagolabie,
REMARKS.

Injected intravenonsly 0.01% gram dried venom of the Cro-
tafus adamamiens dissolved o 1 e. e distilled waler.
Btrugeles.

Pulse feelile,

[head,

REMARES,

Injected intravenously 0.015 gram dricd venom of the Cro-
falies horridus dissolved in 1 e, ¢, distilled water

Convulsions.
Dead.  Beme eechymoses ; blood fuid.
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.E.i‘.m rement No. 7.

Normal

ﬁ'.':r-.r.rﬁ'.r‘i:mwd No. B,

Normal

Erperiment No. 9.

Normal

THE VENOMS OF CERTAIN THANATOPHIDEE.

Tl

Ml s

B R

w -t

1i

L1]
20
30
e L1
(1]
]
k11
30
L
30
LI
i

Tinme =

min.

R e e e

B

a0
aa
E 1]
i
G
ol
10
30
Mk
(1]

T :
il g,

S o S BhODh D W G D R e e

=

10

L1
ik
an
35
45
05
15
25
45
(L]

Pressum
. M.
110
16
6
T8
T0
LH1
LR
12
ELL
46
32
265
a0
10

Pressure
. F,

13%

N4
T4
L1 |
T
(1]
g |
¥4
34

P'ressura
m. m.

134
108

L
b

70
70
12
T4
T
0
0
s
o6
T0
il
2
fifi
il
-';-\l

REMARKS.

Injected intravenously 0.015 gram dried venom of the Cro-
tadus horridus dissolved in 1 e e distilled water.

Animul broke loose from mouth-picce, amd wag Grmly beld
and refixed.

Dead,  Respiration failed before the heart,

KEMARKS.

Iujected intravenously 0.004 gram deied venom of the duces-
frodon piezciverus dissolved in 1 e e distilled waler.
Convulsions.

Injected as above,
Struggles.

Killed by pithing

REMARKS.

Injected intravenously 0004 gram dricd venom of the dneis-
trodon pusciverus dissolved in 0.5 ¢ e, distilled waler,

Injection repeated as before.

Convalsive movements.
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Time : Pressurs REMARES,
min, Eeo. ElL, I

T 15 54

T 85 T2

T &b 0

T 43 Gis

T 55 104

£ 05 120

B 15 100

8 25 1 Animal died in o few minntes.

Lrperiment No. 10.

Time : Pressure REMARES,
min. sec. m. m.
Normal noonx 96 Injected intravenously 0.003 grom dried venom of the Ancis-
10 T trodon contoririz dissolved in 1 c. e. distilled water,
bl 6
1 00 72
1 &0 T3
2 00 2
2 30 T
4 50 48
- 1] L] Injection repeated,
5 50 12 Struggles,
L 1] o
LR o
T ad 46 Imjection repeated.
10 00 B Deail.  Heart Qabby - blood ineoagulable ; no cechymoses.

Ezperiment No. 11.

Time : Fressume REMARKS,
min. see. (ET 1
Normal S 10 Injected intravenouzly 0,008 gram dried venom of the Orofa-

a0 122 lophorus miliorius dissolved in 1 e e distilled water,
30 1240
40 136
i 116

1 b 150

1 10 54

2 10 108

2 40 106 Injection repeated as before,

2 &b bl

3 20 L+

b 20 10

1 20 14

g 90 Ll Killed by pithing.

Experiment No. 12.

Time : Pressure REMARKA.
miin. s . M.
Normal AT 130 Injecied introvenously 0.008 gram dried Cobra venom dis.
10 110 solved in 1 c. e distilled water.
20 102
Al HIH
40 2]

12 June, 1886,
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Experiment No. 13,

Normal

Erperiment No, 14.

Normal

Erxperiment No. 15.

Normal

T

Wil =T

b B e e

5ib
L
L]
1)
an
40
{LL1]
20
S0

Thime :
min. see.

- R

i
40
L]
20
20
20

Thms: :

Tim
i,

B
L]
(]
i
(il
[l
o
L1
0

¢s
[ L=

20
1]
(11}
A
on
(1]
(HJ
]
]
]

Fressure
L. T,
T0
L3
i

Prossure
Ime

140
150
1410
134
134
Taiy
143

Pressure
i, i

132
122
120
130
Lis
1o

i

4=

Pressure
En, 1,
145
142
135
128
150
140
150y
143
138
158
135

BEMARKAS,

Clonvalsions

Dead. Heart in systole; blood clotted ; no mll}"tﬂm

REMARKS.

Injected intravenously 0,003 gram dried Cobra veonom dis-
golved in 1 ¢ c. distilled water.

Death from hemorrhage ; artery tom.

REMARKS.

Injected intravenously 0002 gram deied Cobra venom dis-
solved in 1 ¢, eodistilled water with a few erystals of sodie
chiloride.

Dend

REMARKS,

Injected intravenously 0,003 gram dried venom of the Cobra
diggolved in 1 e e distilled water,

LRespiration ceased ; artificial respiration used.
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Lrperiment No. 16.

Normal

Erperiment No. 117.

Normal

Ezperiment No. 18.

MNormnal

Timae:
min, =,

O md e e e

H]
13

20
a0
41
LI
20
40
40
40
40
10
11

Time :

min.

R R T S T Y

=i = 2

8

RO,
10
20
30
40
L[]
an
{111}
10
]
40
T
1y
20
11
30
2

Thme :

LTI

b = =

FDC.

10
11
5]
24
bl
40
Sl

— L — ]
=R —

Pressurs
Ml .

1200
105
a4
B
i
HZ
96
04
100
122
156

Pressure
im. m.

1]
gL
6ifi
A4
i
et ]
Hh
T8
T4
i
a6
92

s
i

L]
32
2

Pressure
m. m,

110
112
=i
B4
16
a0
fid
46
a6

REMAKRKS.

Injected intravenously 0,005 gram dried Cobra venom dis-
solved in 1 e o, distilled water with a little sodic chloride
and Gltered.

A eclot was probably beginning to form in the eanula, and no
dependence is 1o be placed upon the after recornd,

Strugples.  Clot in canula,

Dead.

REMARKS.

Injected intravenonsly 0.015 gram dried Cobra venom dis-
golved in 1 e, . distilled water.

Dead.

REMAKRKES,

Injected intravenously 0,005 gram dried venom of the Dhaboeie
Russellte diggolved in 0.5 ¢ ¢ digtilled water.
Pressure falling.

Violent meneral convulsions.

Dead.  Heart in diastole; no ecchvmoses; after tweniy-four
honrs the blood is still Aaid,

Artificial respiration was ueged in thizs experiment from the
heginning,
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This single experiment confirms the statements of Fayrer and of Wall in regard
to the convulsivant power of Daboia. The spasms are not due to defeet of oxygen,
as they arise early and oceur despite the use of artificial respiration.  Ancistrodon
venom seems to have the same [::I'illll:il}' to prt:rtltl-‘.:f: convulsions.

The Action r:,l‘- Prre Venoms on the Blood Pressure tgf Animals with Cul Prewmo-
gastric Nerves.— After section of the pneumogastric nerves, including the depressor
fibres, we find that the same alterations occur in the blood pressure as in normal
animals, Nine experiments were made altogether: two with the venom of the
Crotalus adamanteus ; one with the Crofalus horridus ; two with the Aneistrodon
jriscivorus ; one with the Ancistrodon contortric ; and three with the Cobra.

Ezperiment No. 19.

Tlime : Pressure HREMARKS.
min. e, . 1.
Normal hea T Injected intravenously 0.003 gram dried venom of the Cre-

10 T4 talus adomantens diszolved in 1 o e, distilled waicr,
30 GS

1 00 fis

1 30 16

2 00 it}

2 30 H1

5 30 “

T 00 “

8 4D 48 Injected the same as above.

8 40 42

L]} 45

5 10 44

9 20 44

o 30 44 Dheqd.,

Erperiment No. 20,

Time : Fressure REMARKS.
min. scee. L, 1,
Normal s 130 Injected intravenonsly 0,015 gram dried venom of the fro-

1] Tibin tabus adamaniens dissolved in 1 eeo distilled water,
20 a0
a0 G
40 16
ail 11

1 00 1

1 1 45

1 0 a2

1 a0 22 Dead.
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Experiment No, 21,

Time:
min. sec.

Normal

= T T

Erperiment No. 22,

" mow

1
20
40
00
20
41
i
20
a0
al
11}

T :
miln. sec.
Normal 3
]

10

20

30

40

1 i
1 20
1 40

Experiment No, 23,

Time :
min. s

Normal

g e e

110
12
14
19
(]
| H]
19
19
19

10
20
4
40
{1l
0
20
H1J
al
o
an
1]
i
fHy
1Ml
1
20
S0
40
Al

Pressure
EN. Mk,

144

146
124
124
e
B0
70
HTH
id
ol
14
12

Pressure
fi. m.,

90
76
HE
44
5
54
44
24

Pressure
m. m.

110
g4
fid
[}
T
T6
72
i
he
4
A6

100
T4
0
(i3
70
70
o2
0=
(1]
1]

REMAKKS,

Injected intravenounsly 0.015 gram dried venom of the Cro-
talug horridus dissolved in 1 e e distilled water.

Struggles.

Violent struggles,

Dead,

REMARES,

Injected intravenously 0.0035 gram dried venom of the Amcis-
frodon pisciverus dissolved in 1 e e distilled water,

Convulsions.

Tread.

REMARES,

Injected intravenouzly 0,003 gram dried venom of the dmers-
frodon piecivores dizzolved in 1 e e distilled watee,

Btrupgles.

Sirngeles.
Convulsions.

Injection repeated, nsing the same amount.
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Time Mressre REMARKS.

mun, e b, Ik,

0 0 T

g0 20 2

21 20 G0

28 B0 HTH

25 20 LH1L]

28 . 20 0

33 20 0

353 20 i

44 20 68 Third injection, same amoani
4 30 1]

44 40 48

44 50 44

45 00 ah

45 10 25 Dead,

Farperiment No. 24.

Time : Pressure REMARKS
mdi. e, . .
Normal bt 154 Injected intravenously 0.003 gram dricd venom of the Ancis-
10 114 trodon codorivee dissolved jo 1 e e distilled water.
20 Hi
S0 6
40 B3
1 ik 2 ]
1 50 B0
4 20 8
700 100 Injection repented,
T 05 138 Strnggles,
7 10 i1
T 20 LA
T 40 108
g 00 1]
% 30 88
9 00 =0
11 30 T8 Third injection.
11 40 6
12 o0 T0
12 30 [
13 00 L]
13 30 (]
19 0 73 Fourth injection.
19 20 it
13 40 11
20 20 44
21 50 40
22 50 a8 Dead. Teart in dinstole; blood remains Muid ; museles all

respond Lo cleetrical irritalion ; molor nerves react feebly,
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Experiment No, 25,

Tiine :

mibn. sce.

Normal

1
1
4

fi
10

14
16

Eeperiment No. 26.

10
30
Ll
b
al
Gl
40
30
4l

Thm :

min.

Novmal

O SR e I B =

Erperiment No. 27,

B,

]
S
1]
30
30
30
Al
4
40
30

Time :
min. see,

Normal

- Lo e

1
1

=

]
11
20
L0
aa

00

I"ressur
Fii. [,

148
146
136G
140
LD
150
130
146
152
156

Pressare
m. m.

134
136
126
114
11%
152
136
136
136
136
142

Pressur
1., 0.

130

130
115
118
115

(]

REMARKS.

Injected intravenously 0.003 gram dreied Cobra venom dis-
solved in 1 eoe distilled water with o few erystals of sodie
clilorvide and fltered,

Clot formed in capula.  Animal killed.

REMARES,

Injected intravenouszly 0.006 gram dried Cobra venom pre-
pared ag in the foregoing experiment,

Convulgive movements; asphyxia; respiration eeased in three
minules,

REMARES,

Injected intravenously 0,003 gram dried Cobro venom dis-
golved in 1 ¢ e distilled water,

Clot in canala.
Dend from asphyxin

The Action of Pure Venoms on the Blood Pressure of Awimals in which the
Cervical Spinad Cord had been Divided —Upon section of the spinal cord in the
upper cervical region, by which the influence of the vase-motor centres in the
medulla is practically destroyed, the primary fall of pressure from venom is gener-
ally very slight, and after this diminution there is a secondary rise which may go
above the normal.
was a tise of pressure for a moment at the time of injection; in one experiment
with Cyotalus lorridus, in which a somewhat larger dose was used than in the
others, there was a distinet rise of pressure a few seconds after injection, followed
by a fall; and in the experiment with the Cobra the pressure never went below

In one experiment with Crotalus adamantews venom there
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the normal, but in a few moments a rise occurred which continued to inerease for
half an hour, when the animal was killed. '

In this series we observed a marked difference from the preceding (unless the
dose had been immediately toxic), since the profound primary fall of pressure was
not observed, excepting in a very slight degree if at all; we fonnd, however, that
the ultimate fall of pressure still ocenrred, save in the case of the Cobra.

Eight experiments were made: two with Crofalus adamanteuws ; one with Cro-
falus horridus ; three with Ancistrodon piscivorus ; one with Ancistrodon contoririz,
and one with Cobra venom.

Experimend No. 28,

Thime ; Fressure REMARKS.
min. s, m, m,
Normal ' 62 Injected intravenously 0,003 gram dricd venom of the Cro-
i 0 falus adamantens dizsolved in 1 e e distilled water.
20 511
30 5
X A 5H
1 58
1 20 b
1 a0 48
1 40 40
2 00 44
2 230 40
2 40 38
b 20 36
G 50 a6
T 20 36
B. 00 s Dheal.

Leperviment No. 29.

Time : Fresaure EEMARKS.
min. see. . Im,
Normal S i Injected intravenounsly 0.006 gram dricd venom of the Cro-
& G0 falus adamaniens dissolved in 1 e e distilled water,

10 58
20 48
a0 i
40 62
1] 08

1 0o ik

1 20 48

2 30 10

& 40 G0

4 0 STH

5 30 410

g 00 A Dread,
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Experiment No. 30,

Time ; Fressure REMARKS,
min. sec, N, EN.
Normal b 30 Injected intravenonsly 0.0015 gram dried venom of the Cro-
20 30 talus harridus dissolved in 1 e ¢ distilled waler,
40 41
+ A0 42
1 20 it
4 20 206G
9 20 2
T 20 26
9 20 24
10 50 3
12 50 30
14 &0 25
i 50 an
17 05 26
1T 35 10 Conjunctival rellexes gone,
18 00 L Dread,
Ezperiment No. 31,
Time : Prossure REMARKS,
min. gee. . im.
Normal i o Injected intravenously 0.007 gram deied venom of the dncis-
1 1] frodon piscivorus dizssolved in 1 e e, distilled water,
20 16
a0 416
410 410
an a4
1 00 a0
2 00 23
1] 23
T 0 24
10 00 18 Dead.  The cord proved not to have been eompletely ent—a

few fibres of the posterior columns remaining undivided.

Erperiment No. 32,

Timme : Pressurs REMARKS.
min. see. 0. M,
Normal e, H Injected intravenounsly 0,003 gram dried venom of the dnces-

10 a4 drodon pisciverus dissolved in 1 e e distilled waler.
20 40
a0 32 Convulsions,
40 26
AU 16 Dead.

Experiment No, 33,

Time: Presaure REMAREKS,
o, S, . .
Normal o 1 46 Injected intravenously 0.003 gram dried venom of the dneis-

10 38 trodon prscreorus dissolved in 1 oeoeo distilled wator,
a0 40
4L 48
40 40
af 45

3 00 38

5 00 ab

O 1] L Thead.

13 June, 1854,
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Lxperiment No. 34.

Tim Pressune REMAHRES,
Einkin. e E- b
Normal - 52 Injected intravenously 0,003 gram dried venom of the dueis.
10 1 trodon condoririe dissolved in 1 e e distilled water,
20 46
1] il
1 oD ad
3 00 1
500 il
T oo |
9 00 i
11 On sl
13 o0 30
| U] 40
17w 1]
| B 1 &l
21 W a0
25 w0 a0
25 o 32
27 0D 32
20 00 HE
b6 00 i1
[ By 32
h 00 a0 Killed by pithing.

Lirperiment No, 35,

Time : Pressure REMARES,
min. see. H. 1. ’
Normal i 42 Injected intravenonsly 0,003 gram dried venam of the Colra
1 ih dissolved in 1 e e, distilled waler wilh o few crystals of
&0 44 godie chloride and Bltered.
1 a0 432
3 00 46
(1] 4=
LU 1] 46
12 00 A0
15 a0 50
18 30 62
2] 30 54
24 30 HiTH
27 30 a4 Iojected the same as the foregoing,
27 40 e
25 0b fi4
23 30 68
a0 30 R Clot formed in canula.  Killed animal |JJ" ]lil.hing,

The Action of Pure Venoms on the Blood Pressuve of Animals in which the
Previnogastrie, Depressor, awd Sympathetic Nerves and Spinal Cord have been
Serered —Since we found in the last series of experiments that after section of the
cord there did not occur such a decided primary fall of pressure, it seemed obvious
that the fall of pressure must be due, in major part at least, to a toxic depression
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of the vaso-motor centres A fall of pressure does, however, ultimately occur,
and, excepting in the case of the Cobra, inereases until death ensues

In seven other experiments, supplementary to the above, in which we made
section of the pneumogastric, depressor, and sympathetic nerves in the neck, and
section of the spinal cord in the middle or upper cervical region, thus cutting off
both the heart and capillaries from centric nervous influence, we obtained results
which were practically the same

Three of these experiments were made with the venom of the Crofalus adaman-
tens, one with that of the Crofalus horvidus ; one with the Awcistrodon priscivorus ;
one with the Awcistrodon contortvee, and one with the Cobra.

Lrperiment No 36

Tima Pressune : HEMAKRRS.
min | sec. m.m.
Normal ok [} Injected intravenously 0008 gram dried venom of the Cro-
10 il fefus adamanfens dissolved fn 1 ¢ e distilled water.
20 46
&0 afi
40 52
1 00 46
15tk 410
1 40 a6
2 0o a0
2 20 24 Dead.  Heart arrested in dinstole; blood incoagulable; a

few eeehymozez in peritoneum.
The section of the cord was not quile complete,

Experiment No. 37

Time: Pressure REMARKS.
mim, soe. m m.
Normal - 48 Injected intravenonsly 0003 gram dricd vepom of the Cep-
10 41 fafos adamaniens dizgolved in 1 e distilled water
20 48
30 46
1 0 18
1 20 46
I 20 41
3 50 38
H &b b
T 50 a0 Dend.  Heart arrested in diastole ; blood incoagulable; no

eechymoses in serons Lissnes

Farperiment No 38,

Thime 2 Pressare REMARES.
min. s, N FIh 3
Normal e 30 Injected intravenonsly 0003 gram dricd venom of the Cro-
5 38 fedins adlamanfeus dissolved in 1 e, e, distilled water,
1 28
20 28
30 1
41 3

1] 28



100 THE

Fxperiment No. 39,

Normal

Erperiment No. 40,

Normal

E'-.r;mrimm! No, 41,

Normal

VENOMS OF CERTAIN THANATOPHIDE &,

Time

i
au
i
30
all

Time :

min.

o T

—_

e,
10
20
i1l
40
0
20
40
LT
L]
L
(G
00

Time

min. s,

- e

i
E3
15
1=
21

20
Gl
40
ou
an
H1L
20
20
20
a0
an
20
20
20

Time :

min. wee.

10

a
40

Pressun:
m. .
an
]
a9
22

Pressure
m. m.

44
44
1)
&2
fill
i
44
44
b
Al
28
26
22

Pressure
6. i,

46
40
44
44
i
40
38
s
28
28
28
L]
28
L

Pressorme
m. m.
4
5
54
45

REMARES,

Diead,  Heart arrested  in dingtole; blosd  incosgulabile
ecechymoses well-marked in peritoncom and pericardinm ;
intestines congested ; 50 ¢, e serum in peritoneal eavity,
Bection of cord complete, except anterior columns.

REMARES,

Injected intravenously 0.015 gram dried venom of the Cro-
lalus horridus dissolved in 1 e e, distilled water.

Dead.

REMARKS,

Injected intravenonsly 0,005 gram dricd vonom of the Adwmeis-
frodon pascivoras dissolved o 1 e e distilled water,
Muscular movemenis

Dead.  Blood is incoagulable; no ecchymoses in serous
membranes.

REMARES,

Injected intravenonsly 0.003 gram dried venom of the Ancis-
fravdon eontertriz dissolved in 1 e ¢ distilled water,
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Timeo : Pressure BREMARRS,
min. sec, m. m.
L of 42
1 30 40
2 42
4 00 o)
T A
2 o0 T
It oo 14
13 00 45
15 00 44
17 o0 14
20 00 48
22 00 1% Injected 0,006 gram.
22 15 i)
28 B0 33 Dead,

Experiment No. 42.

Time: Fressure REMARKS,
M. e m, I,
Normal ST ai Injected intravenonsly 0,008 gram dricd venom of the Colira
10 G digzgolved in 1 e e distilled water and a fow erystals of
] HH soddic chloride and Oltered.
1 00 52
3 0o 45
5 00 4%
& 00 53
11 00 hE
14 0O (1]
14 00 62 Animal killed by pithing.

To recapitulate the actions of pure venoms upon the arterial pressure—we find
that the injection of venom subentaneously canses a progressive fall of blood
pressure ; when injected intravenously, there is a sudden and decided fall of
pressure, which may be immediately followed by death, or by a gradual rise, to
be in turn succeeded by a decline with feeble pulse as death approaches, In the
Cobra there is a tendeney to a rise of pressure, which may go above the normal as
death appears,

After section of the pneumogastric nerves and its depressor fibres we find no
alterations in the results obtained in normal animals, but when section of the
cord is made in the middle or upper cervieal region by which the vaso-motor centres
in the medulla oblongata are practically destroyed, or when accompanying this
section the nerves in the neck and the spinal cord in the middle cervical region
are also cut, thus practically isolating the vaso-motor centres in the medulla and
cutting off all central nervous conmection with the heart, we find that the primary
profound diminution of pressure is not so marked. There may even appear to be a
slight tendency on the part of the arterial pressures to rise above the normal just
before death. Even after section of the spinal cord, as above, we find in Cobra
the increase of pressure occurring before death as in normal animals,

These results indicate that the primary positive failure of pressure is due chiefly
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to a depressant action of the venom upon the vaso-motor centres in the medulla
oblongata, and slightly upon the heart.  The tendency to a rise of pressure, as well
as the ultimate fall, must be due to some action upon the heart itself or the general
systemic capillaries. It scems probable that the rise of pressure in these experi-
ments is of capillary origin since the pulse-curves do not indicate inereased heart
power, and we have already had reason to believe that venom exerts a decided
action upon the capillaries themselves to bring about the remarkable ecchymoses
found so commonly in eases of poisoning—an instanee also of peripheral irritation,
applicable here, is the effect of venom on the vagi peripheries in causing an in-
creased respiration rate.  The ultimate fall of pressure scems to be eardiac in
origin, since there is an accompanying diminution in the force of the beats.

Section 11.—Tuae Actioxn oF VEsoMm GLOBULINS UPDN THE BLoob PPRESSURE.

The Action of Venom Globulins wpon the Blovd Pressure of Normal Animals,—
Thirteen experiments were made with the globulins upon normal animals.  The
doses usually given were those representing the amount of globulin in 0.015
gram of dricd venom. The results of all of these experiments indieate that all
the globulins exert an action analogous to that of the pure venom, but that they
exhibit a material difference in the relative degree of their toxicity,

OF the thirteen experiments, seven were made with the water-venom-globulin,
two with the copper-venom-globulin, and four with the dialysis-venom-glolulin.  Of
the first series, five were made with the globulin from the Crofalus adamantens ; one
with that of the Ancistrodon piscivorus, and one with that of the Cobra.  The second
and third series were made with globulins from the Crofalus adamantens venom,

"The water-venom-glofadin produces the most profound changes, causing a primary
diminution of pressure almost equalling that produced by pure venom, while
t”-r!{qﬂiﬁ-t'nmm-qﬁ‘."fﬂ!”ﬂ comes next; the e"ﬂ_uju =g rmr.r;-‘ﬂﬂfmﬁu has but little
effect. The actions of all ﬂf these globulins is to cause a primary full of pressure,
which is followed by a rise towards the normal and more or less well marked,
while if the dose is sufficiently large the rise is followed by a fall to zero at death,

In one experiment made with the globulin from 0.035 gram of dried Cobra
venom there was no appreciable effect.  This was probably due to the very small
proportion of globulin in this variety of venom.

Experiment No. 43.

Time : Pressure . REMARER.
mim see, M. M.
Normal b 110 Injected intravenonsly 0.0012 gram wafer-venom-globulin
10 ED (= 0.015 gram dried venom) frem the dried venom of the
20 b} Crotalug adameanleus,
40 S
1 i 4
1 30 54
3 00 L1
5 0l I

=1

ihik 104
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Erperiment No. 44,

Naormal

FEaperiment No. 45.

Normal

Timi:
mfis, s,
g 00
12 00
1o 00
15 00
25 00
35 00
45 00
5% 00

p Vi
min. Bec.
L1
20
40
L 00
1 20
I 40
3 40
5 40
T 40
40
10 00
10 20
in 40
14 0
1T 00
20 00
&0 00

Time :

i T LS

L N

11
20
Al
ol
10
1o
al
i3]
41
ol

Fressnre
i ML

104
106
110
116
124
1350
180
130

I'ressurne
i, .

[

HI
HIH
04
HI
L1
I
102
105
108
104
104
104
106G
TG
108
102

Pressur:
Bl B,

120
A
6
B
L1
B4
I
=i

104

LHL]
82
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REMARES,

Animal killed by pithing. Heart in disstole ; some eechy-
moses in small intestine ; blood remains fuid o the end of
twenty-four hours—a few very soft clots are found.

REMARKS,

Injected intravenously the wefer-venom-glofmdin from 0,03
gram dried venom of the Croteles adomanfens.
Pressure falling.

Clot formed in the canula.

Injected waler-venom-globulin from 0,015 gram dried venom.

Animal killed Ly pithing,

HEMARKS.

lujected intravenously 0.003%5 grom seafer-venom-glebelin
(= 0,045 gram dried venom) from the dried venom of the
Crofalus adamantens dissolved by the addition of a troce
of godic carbonate.

Injected 0.0066 gram as in the foregoing.

Injected a similar dose.

Killed by pithing. IHeart arrested in disstole; fow ecchy-
moses ; blood remains fuid after twenty-four honrs,
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Erperiment No, 46,

VEXOMS OF CERTAIN THANATOMNIDE &,

Thime &
miln, S,

Narmal .
10
20
Al
1]
1 i
1 30
3 B0
5 4o
T 430
9 30
12 30
14 80
16 50
1T 30
19 a0
21 30
26 00
2/ 00
30 00
30 13
da 00
37 00
30 0o

Experiment No. 41,

Time :
min, s,

Normal

Bo = e

&

Erperiment No. 48,

a0

1l
00
ol
Al
{11}
4
1

T
min., sec.
Normal
0
10
20
30
1 30
2 30
& B0
10 30
14 30
19 30

ressure REMARKES,

1. 1.
148 Injected intravenously the waler-venom-globulin rom one
120 winim of [resh veoom of the Crafalus adamaniens.
16
11
T
92
83
=111
95
HITH
il=
122 .
126
124
Liny
128
132 Clot in canula.
128
130
124
138 Clot in canula.
134
136
L3t Animal killed by pithing ; wo ecchymoscs; blood clois

Prossure REMARKS,

i, .

182 Injected intravenously the water-venom-globulin from 0,004
126 gram dried venom of the dncistrodon pasciverus dizsolved
124 in 1 e e distilled water by the addition of o few crystals of
156 sudie chloride.

133

114 Injected n similar dose,

106

116

104

Pressure REMARKS.

o, .
115 Injected intravenously the water-venom-globulin from 0,015
gram dried vemow of the Crofalus adamantess,
aa
b3
0
1
102
1on

1ihy Haematuria,
1kt
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Experiment No. 49,

MNormal

Experiment No. 50,

Normal

14

Time:

min. see,
24 30
29 30
34 30
42 30
47 30
52 30
5T &0
67 30
T 30
o 30
5]

Thm :

1
2
1

]
13
18

23
P

T :
min  Bee.
1]
20
{1}
]
2 50
4 50
G 0
S
1o 50
11 50
1T 20
15 20
18 30
18 40
18 50
1% o0
20 00
2% Do
27
June, 18348,

BE,

LU
K
25
45
15
L
LI
H]
L1
LI
00

Pressure
i 1

W5
85
i
5
T3
(H1}
(1]
67
5
38

Pressure
I Tl

155

158
160
15%
157
153
153
153
143
153

Prossure
m. m.

126
126
126
132
126
124
126
126
124
124
120
110
114
110
118
112
112
120
116

REMARKS.

Dead ; eechymoges in intestines ; blood incongulalio.

BEEMARKS,

Injected intravenonsly waler-venon-globalin from 0,055 gram
dricd Cobra venow dissolved io 1 e e distilled water.,

Droke leose from canola,

REMARRS,

Injected intravenously 0.0012 grom coprper-venem-globn fin
(= 0,015 gram dried venom) from the dried venom of the
Crotalus adamanteus.

Injected double the foregoing dose,

Killed. Heart in systole ; few ccchymoses in lungs and intes-
tines ; blood remains Muid after two hours,
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f‘::.i-rrimr nul No. bl.

Time Pressure ; REMARKS.
minm, oo, . im.
Normal I 112 Injected intravenously 0.0023 grom copper-venom-globulin
10 114 (= 0.08 gram dried venom) frem the dricd venom of the
3 11 Crotalus adamanleus.
1 00 112
3 00 116
5 00 120
T 00 123
8 00 122 Clot in canula. .
10 (W) 124
12 00 - 118
22 00 118
24 MW 195
26 00 124 Injected double the dose.
26 10 124
26 30 116
26 40 104
27 00 108
27 30 96
20 30 B
31 30 92
34 30 14
39 00 116
41 00 116
43 00 116
45 00 118
62 00 120
T 1] 123 Killed by pithing ; no ecchymoses,

Erperiment No. 52,

Time: Prossum REMAREKE.
min. #ec, . M.
Normal ey 152 Injected intravenously 0.0017 gram dialysiz-venom-globulin
20 124 from the dried venom of the Crofalus adamaniens dissolved
40 112 in 1 e e distilled water with o trace of sodie carbonate,
1L 116
1 20 105
3 20 108
5 20 120
18 20 130
15 23 T Tujected 00034 gram dielysis-venom-glolelin,
15 a0 a4
18 45 100
19 05 H
1% 25 102
19 55 an
20 25 6
20 55 (H1]
21 25 46
22 00 42
a0 00 At Dead.  No cechymoses ; heart in diastole; blood remaing

fluid at the end of one hour.
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Ezperiment No. 53,

Time ;

bl B

Normal

==L R R ]

B g0 = =T

H
10
11
12
14
14
15
15

Experiment No. 54,

20
a0
01
20
41
01
40
410
40
a0
51
20
6l
11
20
411}
S
5
il
20
il
20
Al

Time :

min. see,

Normal

28
43

o3

10
20
a0
1]
]
L]
LI
11}
30
A4
i
3
i
a0
a0
J0

Pressure
LLLERLIL M
126
120
114
]
103
1o
100
100
102
110
114
118
124
126
128
128
130
134
122
112
112

84
78
62

Pressure
m. Im.
150

118
130
118
116
110
126
124
1356
116
100
104
126
118
102

G

HE ]

REMARES.

Injected intravenonsly dialysiz-venom-globulin from the dried
venom of the Crofalvs adamanteus (quantity unknown).

Injected more of the globulin,

Killed hy pithing.

REEMARKS.

Injected intravenonsly 0.0017 gram dialysis-venom-globulin
from the dried venom of the Crofaleus adamanies.

Imjected 00034 gram.

Animal killed,

The Action of Venom Globulinsg wpon the Blood Pressure of Animals in which
the Pneumogastric Nerves had been Severed.—Four experiments were made on
animals in which the pneumogastric nerves and depressor nerves were severed.
The results in these experiments do not differ in quality from those obtained in
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normal animals ; the effects, however, appear to be less decided than in animals
with the pneumogastries intact.  Here, as in the previous experiments, the copper-
venom-globulin exhibits comparatively little effect on the pressure.

Of the four experiments which were made with globulins from the Crotalus
adamantens, one was made with the water-cenom-globulin ; two with the copper-
venom=globulin, and one with the dialysis-eenom-globufin. 1t will be noticed that in
several instances considerable rises of pressure oceurred accompanied by struggles;
the former effect being, no doubt, due to the latter, and not to a peculiar action
of the globulin,

Ezxperiment No, 55,

Tima : Pressure REMARKE.
min, s, .
Normal iat ra 116 Injected intravenously 0.0011 gram waler-venom-globulin rom

140 100 the dried venom of the Crofalus adamanicus.
20 100
30 110

1w 106

1 40 110

3 40 110

5 au 108  Clot in canula.  Animal killed by pithing.

Erperiment No. 56,

Time : Pressune REMARKS,
min, see, m. m.
Normal 5 o 130 Injected intravenously 0.0024 gram copper-venom-globulin
10 132 from the dricd venom of the Crofalus ademaniens.
20 132
ki 132
40 133
1 10 132
3 1o 132
5 10 128
T 10 128
4 10 128
23 10 186 Injected a similar dose.
23 20 130 -
23 40 138 2 g !
23 &5 132
24 00 1168 Respiration greatly slowed,
16 116 Animal broke loose.  Killed by pithing.

Experiment No. 57.

Time : FPressare REMARKS.
min. e, [ 17
Normal oy 114 Injected intravenomsly 0.0012 gram eopper-venom-globulin

20 116 from the dried venom of the Crofalus ademaniens.
40 116
50 116

2 50 116

4 50 116

50 116

& &§0 112
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Timme :
min. Eee,

11
13
15
16
i
16
15
17
14
21
23
25
20
2

Ezxperiment No. 58,

1}
i
il
10
1]
a0
45
45
45
45
45
45
45
(1]

Time:
min, =&

Normal

1%
149
19
21
o8
23
25
a7
29
54
34
38
i1
49
49

1
20
a0
a0
60
20
20
20
20
20
a0
20
30
40
{in
15
20
al
0o
1]
i
0
(i1
i
40
30
00
00
00

Presaure
. Im,

LG
118
115
100

118

11
108
132
114
112
L0
100

5B

Pressune
120
1 kil
112
110
150
140
130
120
126
188
120
118
118
100
145
140
170
176
144
140
166
122
128
114

B2
&b
L]
ol
28

REMAREKS.

Injected a donble quantity.

0 [T i

Birngrles,

Animal killed by pithing.

REMARKS,

Injected intravenously 00017 gram dialysis-venom-globulin
from the dried venom of the Crofalus ademaniens.

Etroggles,

Injected 00034 gram.

Struggles.  Injected a similar dose.

i
[

Strugeles.

Dead.

The Action of Venom Globuling wpon the Blood Pressure of Animals in which
the Prewmogastric, Depressor, and Sympathetic Nevves and Cervieal Spinal Cord
ladd been Cul.—Four experiments were made on animals in which the nerves of the
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neck and the cord in the middle or upper cervical region (excepting one) were cut.
They were all made with the globulins from the Crofalus adamantens ; one with
wrifep-i ..n.-m-:.hfr.phm'f“i one with OO r=te uu.‘ru-:]rfm'mﬁu, and two with ﬂ’l'u.'yﬂiﬂ-w::mm-
globulin,

‘The results of this series of experiments accord with those observed when pure
venom was used, and with the preceding experiments with the glﬁhlﬂins. The
primary fall of pressure is slight, while the tendency to a secondary rise is very
marked, since in three of the experiments the pressure rose above the normal.
The action of water-venom-globulin on the primary fall was most marked, while in
the single experiment made with copper-venom-globulin, in which eight times the
quantity was given in two doses, the pressure rose slightly, and continued above
normal, When the dose is sufficient to kill, the pressure ultimately gradually
declines, accompanied by a feeble pulse.

In the last experiment with dialysis-venomi-globulin it will be noticed that
tremors are accompanied with a rise of pressure during their existence.

Ezxperiment No. 59,

Tima: Pressan: REMARKS,
min. Eee, ;1.
Normal T 48 Seetion of cond made belowihe 6Lh cervieal vertebra,  Injeeted
10 b1 intravenously 0.0011 gram wafer-venom-globulin from the
dried venom of the Crofalus ademanieus.
A as Artificial respiration stopped.
1 Do 458
1 10 4
g 10 46
3 10 49
5 10 4k
T 10 a8
9 10 34
11 10 40
15 10 30
17 40 30
19 00 51
a1  On an
98 00 30
20 0 a0
27 00 30 Animal killed by pithing.

Experiment No. 60,

Time : Pressure REMARKS,
min. &be. in. .
Normal e 29 Imjected intravenously 0.0048 pram copper-venom-globulin

10 3% from the dried venom of the Crofalus adamanicus.
20 a0
410 a2

1 00 a2

3 30 a8

6 a0 40

T a0 42
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Time ;
min. sec,
t 1]
11 30
13 30
16 30
1T 00
17 30
L 1]
200 00
24 00
26 0o
2|/
S 00
32 00
34 00
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Pressure

. M.

43
42
40
H
42
bt
4
14
41
44
42
40
40
40

Experiment No. 61.

Time :

Normal

min.

15
1
18

BEC,
10
al
111}
{11}
00
A
a0
30
a0
10
4l
Ll
i
L]
LILI]

Fresanre
1. m.

43
40
40
46
41
A0
bit ]
as
14
44
46
48
b1
46
23

Experiment No. 62,

T :

Naormal

mim.  see.

L - R e S

1y
20
30
41
a
Ll
110
20
20
bl
50
1]

0

Pressur:
1. 1.
44
40
40
11
52
G2
i)
fill
bt
.11
53
28

-

BEMARES,

Injected o similar quantity.

Animal killed by pithing.

REMARES,

Injected intravenoosly 0.0017 gram dialysis-venon-glebulin
from the dried vepom of the Crodoles ademaniens.,

Tnjeeted 00068 grom.

Dend.  Heart arrested in dinstole; wo eechymoses ; biowl
flnid. A few [ibres of the anterior columns of the cord were
uneut.

REMARKS,

Injected intravenously 0.0068 gram diolysis-venon -globelin
from the dried venom of the Crolalies adonianiens.

Universal tremors persistent.

Clot in canula,
Blood pressure fell very low before this observation, amd was
raised by the tremors returning vigorously.

Dead. No ecchymoses ; blood incoagulable ; heart natoral.
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From this series of experiments with globulins it seems clear that they possess
the peculiar physiological eflects of pure venoms upon the blood pressure; that the
water-venom-globulin is the most powerful, and the copper-venom-globulin the
least so, and that the copper-venom-globulin seems to exhibit a more marked
tendency than the others to cause a rise of pressure.

Secrion T11L—"I'ne Actiox oF Vexonm Perroxes vroN THE Broop PRESSURE.

Tr'.il"' _.'il"'-rili'lﬂ F{f. I’I""J‘J'ﬂf{ I}l'";h‘”“.f'ﬂ H]J”]i ﬂrﬂ' jflr{lﬂ'f !‘J‘T’Hﬁl‘-‘l"ﬂ' I'}.f- J_"[Jf'?""r .ﬂ!’ij“fl!ﬂ.—
Seven experiments were made with the peptones from different venoms: two with
that of Crotalus adamanfens ; three with Aweistrodon piscivorus ; and two with
Cobra. The action of peptones upon the blood pressure is similar to that observed
with the pure venom and the globulins, but their power to canse the primary pro-
found fall of pressure is certainly much less, while the rise of pressure after the
primary fall is decidedly more marked, and there is also a tendency to go above the
normal.  In two experiments, one with the peptone of the Crotalus and one with
that of the Moceasin, the pressure was not primarily reduced, but there was a rise
uabove the normal from the first. Where the animal was watched until death the
pressure was observed to undergo a more or less gradual decline with feeble heart-
beats,  In several instances a rise of pressure was noted which was usually due to
convulsive seiznres,

Fxperiment No. 63,

T Prossure REMARKS.
min, sec. m. i
Normal RInE 140 Iujected intravenonsly the peplome from 0.015 prom dricd

1 128 venom of the Crofalvs adamanieus,
20 128
30 136
40 128
il 128
LT 124
(1T} 116

21 o0 116 Clot.

49 . Dead.  No cechymoses; lungs seem congested ; blood clots

readily.

Experiment No, G4,

Time: Pressure REMARKS.
miin. =oc. iE. 6.
Normal ik 114 Injected intravenonsly the peplone from 0,03 gram dried

10 130 venom of the Crofalus adamantieus,
30 138

1 0d 190

2 0 140

5 0 144

g 0o 124 Killed. Eechymoses in the lungs ; blood clots.
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Experiment No, 65,

Normal

Laperiment No. 66.

Normal

Experiment No. 67.

MNormal

15

T ;
min. sec.

1
1
4
Lk
L]
11
11

40
LIl
4l
1]
a0
fill)
1
a0

Time 2
min. eec,

O ChOCh OR BD BD e e

10
20
30
0l
30
i
a0
0
0
20
40
L1
bl
oo
a0
00

Thme :

. s,

== R T R R ]

0y

=
o
(==}

June, 1854,

1y
20
a0
40
o)
i
11}
40
00
20
40
40
50
LI]1]
20
30
a0
sl

Pressure
Hi. .

56
88
BH
83
02
b T

100

102
i

Fressore
M. m.

116
94
L1
10
T6
it
6
6
6
G
L
fify
it
GG
62
t1H
il

Pressure
fil. M.

140

HE
100
Ly
170
190
130
130
142
136
1346
136
118
114
104
112
112
118
122

REMARES,

Injected intravenously the peptome from 0,015 pram dried
venom of the Ancistrodon piscivorus,

Tujected double the amount.

REMARKS.

Injected intravenously the peptone from 0.015 gram dried
venom of the dncistrodon piscivorus.

Injected a similar quantity.

Injected a doulle guantity.

REMARKS.

Injected intravenously the pepfone from (.05 gram dried
venom of the dncisfrodon piscivorus
Convulsions.

Injected 0.005 peptone.

Killed.
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f‘..'.r!.n'.l‘l'l-m'.lu' No. G5,

Tiimc
mili. s,

Normal

Bl s

16
16
17
18
15
19
19
19
19
o
20

Experiment No. 69,

1
20
S
40
iy
20
20
20
20
20
Sl
Sl
20
50
LT
10
1]
50
10
30

Tl =

mis. ®ee.

Normal

a

8
10
10
10
11
11
11
11
12
13
13

10
15
k{1
il
20
20
20
a0
40
50
1]
20
40
i
a0
40

Prossunn

ne, o,
140
130
148
1400
142
142
1400
138
152
224
176
154
o2
T4
84
46
46
it}
a6
40
40

Pressurn
m. m.
1530
130
116
156
156
140
190
1746
208
153
136
116
102

Hi
(5
o4
35

REMARKS,

Injected intravenously the pepdome from 0.005 gram dried
Cobra venom,

Convulsive twitchings,

Bloud iz asphyxiated ; no respiration.

Killed.

REMARKS,

Injected intravenougly the peptone from 0.06 gram dried
Caobra yenom.

Tonie conyulzions.
Convualgive iwitchings; asphyxiated blood ; respiration
censed.

Dread,

The Action of Venom Peptones on the Blood Pressure of Animals with Pnewino-
gastric wnd Depressor Nerves Severed.—After section of the pnenmogastric and
depressor nerves the results are not appreciably altered.  Four experiments were
made: one with Crotalus adamantens ; one with Ancistrodon piscivorus, and two
with Colira venom.
rise went above the normal.

In all of these experiments the pressure during the secondary
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Ezxperiment No. 0,

Time : Pressure REMARES.
min. e, I, 10k,
Noruwal - 160 Injected intravenously the pepione from 0.015 gram dried
10 160 venom of the Crotalus adamanteus,
13 L4
30 150
40 150 Btruggles,
ol 154
1 00 1534
1 20 154
1 50 164
8 80 ° 126
£ 40 183 Btruggrles.
3 al 146
20 50 148
25 20 1410
a0 30 140
35 156
400 00 148
45 00 142
a0 00 1440
G2 00 138 Killed,
Experiment No. T1.
Time: Prészune REMARES,
il Sbe. m. m,
Normal by 124 Injected intravenously the peplone from 0.015 gram dried
10 100 venom of the dnciefrodon pisciverus,
20 140
30 150
40 130
5l 140
1 iy 154
1 20 114
1 40 116
2 a0 156
2 30 124
2 40 110
L 124
3 00 136
3 10 110
3 20 G
4 20 i Respiration ceased ; heart beats,
Ezxperiment No. T2,
Time : Pressune REMARKS,
min. e, m, m,
Normal B 138 Injected intravenously the pepfone from 0.0056 gram dried
1 142 Cobra venom.
20 146
40 134
1 00 140

1 20 138
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Time Pressure REMARES.
ki, Bed, mi. M.
- 136
40 136
T 30 132
9 30 132
10 i 140
21 30 146 Twitchings.
25 30 142
26 30 150 Killed. No ccchymoses.

Erperiment No. 3.

Time : Pressure REMARER.
min. e, . m
Normal T 124 Injected intravenously the peptone from 0.006 gram dried
10 122 Cuobra venom,
20 128
40 124
1 i 126
3 00 120
65 00 120
16 00 118
300 ety Dead. Asphyxiated ; no eechymoses; blood eloiz in eanula,

The Action of Venom Peptones en the Blood Pressure of Animals in which the
Pievmogastrie, Depressor, and Sympathetic Nerves and Cervical Spinal Cord were
Cut.—In five experiments on animals in which the nerves in the neck and the
gpinal cord in the middle or upper cervical region were cut we found that but little
alteration occurred in the blood pressure until late in the poisoning, excepting in
one experiment with the Aweistrodon piscivorus, in which the pressure sunk imme-
diately and death oceurred in thirty seconds. Two experiments were made with
the peptone of the Crofafus adamanteus ; one with the Ancistrodon piscivorus, and
two with the Cobra. In all of these experiments, excepting one with Cobra, there
was an immediate comparatively slight fall of pressure after injection, which was
followed generally by a rise; in the excepted case of the Cobra there was a primary
rise equal to 3 m. m. of mercury, which was followed by a fall, and this in turn
by a rise. The pressure, as in the previous experiments, usnally declines towards
death.

Ezperiment No. T+,

Time : Prossare REMARKS.
min, see, M. m.
Normal e 50 Injected intravenously the peplone from 0.015 gram dried
10 50 venom of the Crofalus adamanfeus,
a0 45
40 48
1 . 0 4=
3 i 14
fi i 12
11 00 42
13 O 42

15 00 42
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Time:

min.

17
17
1a
21
23
25
27
E.H]
31
34

Lixperiment No. 75,

B,

L]
R
a0
30
30
Bk
S0
20
a0
30

Tirme :

min. ste.

Normal

o = -
=

Lrperiment No. 76,

13
20

R —
==

T =

Normal

1

Experiment No, T7.

B,
]
18

80
L]

Time :

min. s,

Normal

12
12
17

1y
20
Sl
00
in
]
&40

Fressure

. im,
a0
1]
45
45
45
46
44
14
42
i

Pressure
m. my

f7
i
50
1]
ol
il
]

Pressure
Im. m.

i ]
45
34
s

Prissure
m. m.
128
122
132
134
138
13%
136

REMARKS.

Injected the peplone from 0,08 gram dried venom.

Diead.  No ecchymoses ; blood fluid after fifteen minutes.

HEMARKS.

Injected intravenonsly the peplome from 0,015 gram dricd
venom of the Crelalus adamantens.

REMARKS,

Injected intravenonsly the pepfone from 0.015 gram dried
venom of the Ancisirodon piscivorus,

Dhead.

REMARKES,

Injected intravenmonsly the peplone from 0,01 gram dried
Cobra venom.

Dead.  Llood clots readily.  Ecchymozes in base of lungs,
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f'.'.r_u:'.rllmuq.f No. T8,

Thime : Fresstune REMAHRES,
min. sec m. m -
Normal ; RE Injected intravenously the peplone from 00156 gram dricd
11 39 Cobra venom.
20 il
LD Al
1 40 a5
b 40 35
1mn 40 37
15 40 3B
16 00 g 1 Injected n zimilar dose,
16 06 kit )
16 15 b 1.
16 25 43
16 45 43
17 o 43
18 o0 40
20 o0 a5
23 0o Hoalis Dead,

From all of the results of these experiments it seems justifinble to conclude that
the isolated principles of venoms exert the poisonous actions of pure venoms on
the blood pressure, and that their toxic effects are essentially simply different in
degree.  These various poisons all play a part in the alterations of pressure, acting
towards the same end, but mainly with different degrees of intensity ; the water-
venom-globulin appears to be the most potent in the pressure alterations, the dialy-
sis-venom-globulin next, then the peptone, and finally the copper-venom-globulin.
The globulins are the more active in the production of the diminution of pressure,
and the peptone in the secondary rise,

The globulins no doubt play a very important part in the poisonous phenomena
of Crotalus poisoning, a less important part in Aneisirodon poisoning, and but very
little in Cobra poisoning; these differences not depending as much upon differences
in the quality of the globulins in the species of venom to which they belong as on
differences in quantity,
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CHAPTER 1X.

THE ACTION OF VENOMS AND THEIR ISOLATED GLOBULINS AND
PEPTONES UPON RESPIRATION.

Secrion I.—Pure VExoOM,

IN our experiments on respiration rabbits were always used, and the rate of
breathing was recorded on a revolving drum by the lever of a Marey's tambour, the
latter being connected with the animal by means of a tracheal tube. The injections
in all of the experiments, excepting two, which were subeutaneous, were made into
the external jugular vein.

In experiments on normal animals we observed no qualitative difference in the
several venoms used. Ten experiments were made upon normal animals: four
with the venom of the Crofalus adwmastens ; three with that of the Moceasin,
piscivorus, and three with that of the Cobra. In eight of these experiments there
was a primary increase in the respiration rate followed by a diminution far below
the normal, while in two the respirations were at once diminished, and became per-
sistently slower until death. In both of these cases death occurred very soon after
injection, indicating a most profound action of the poison.

Aetion of the Pure Venoms on the Respirations in Normal Animals,

Erperiment No. 1.
Length of

Time : Bezpirations CUFve REMARRS.
min. sec. per minute, m. m.
Normal . . . B4 10 Injected iniravenously 0.002 gram dried venom of ihe
10 180 16 Crofalus adamanfeus dizssolved in 1 e e distilled
40 54 12 waler.
i 96
2 20 104 reos
4 50 (4] ]
6 5l 72 G
2 LD Gl 6
10 50 45 B Convuolsive movements,
11 20 40 4 - L
11 50 24 4 T s
12 & 26

12 50 e s Dead.
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.lr'.'.r‘i-r':'iuu i Neo. 2,

Langih of
Time Respirations curve REMARKS.
mlh, o pr ik, m, m.
Normal . . . 12 i Injected intravenously 0.004 gram dried venom of the
10 i3 10 Crofalus edamaniteus dissolved in 1 ¢ e distilled
wnler.
40 { gee . Struggles, which prevent a count,
1 00 84 12
] 30 25 Convualzive movements.
40 ] 23 Conjunetival reflexes gone,
b 0D 10 14
5 10 S - Respiration ceased.  Heart still beating. The respira-
tory muscles respond Lo stimulus. The spinal eord
was exposed, and the motor columns were found 1o
respond to electrical stimulns.  The motor nerves
responded after the motor columns of the cord bad
lust their irritability.
Experiment No. 3.
Length of
Time: Respirations carve REMARES,
milni, sec, (il mwilina e, Ei. Wi,
Normal . . . 54 T Injected intravencunsly 0,006 gram dried venom of the
20 154 a Crafalus adamanieus dissolved io 3 minime distilled
40 120 1 water,
1 00 G 11
1 30 1] 10
2 00 11 12
2 30 102 10
i oo 120 T Btruggles.
3 0 35 i
4 30 60 fi
5 30 85 10 Conjunctival reflexes gone,
30 10 T
T3 i 4  Respiration ceased.  Respiratory muscleg irritable.

The spinal conl was quickly exposed; the sensory
columng give no response, the motor columns are
active. The motor columns of the cord fail before
the motor nerves,

Erperiment No. 4.

[.rngth aff
Thme : Respirations curve REMARKS.
min. see, por minate. i, 1.

Normal . .. G6 6 Injected intravenously 0.015 gram dried venom of the
Crofalus adamantews dissolved in 1 e ¢ distilled
water,

15 S B Arrest of respiration attended with a tetanic condition.
a0 36 1@

1 00 12 16

1 50 18 G

g 20 ? 5

3 2 “ihn e Respiration censed.  Spinal cord rapidly exposed and

tested by electrical currents; sensory columne fail
first, then the motor colomns, then motor nerves.
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Eaxperiment No. 5.

Length of
Timse : Hes pirations LTV REMARKS.
min. sec. per minute, m, i\,
Normal . . . 100 g Injected intravenously 0.004 gram dried venom of e
10 210 5 Ancistrodon piscivorus dissolved in 5 minims dis-
20 150 21 tilled water.
a0 140 20
40 120 23
1] e AL Convulsions,
1 1o oiaa e Dread.
Eeperiment No. 6,
Lengih of
Time : Respirations eurve REMARKS.
min. s peer mminute. . 1.
Normal . .. 135 i Injected intravenously 0,004 gram dried venom of the
Anctatrodon pisciverus dissolved in 1 e o distilled
Waler.
10 420 Struggles,  Respiration at onee began to increase
20 270 ] rapidly, and renchel o maximum rapidity during the
oceurrence of stroggles.
3l [113] 18 Tetanic movements.
40 1] tERE 4 ir
50 120 1k
1. 00 120 A M £L
I 10 [} e )
1L 20 1] 13
6 20 ]
11 20 150
16 20 210 o
16 30 L i) Killed.
Experiment No. T.
Length of
Tinme : Hespirntions Curye REMARKS,
min, see. per minate. (T
Normal . . . 144 f Injected intravenously 0,004 gram dried venom of the
10 3 8 Ancistrodon piscivorus dissolved in 1 e e distilled
20 2440 12 waler.
30 150 11
5 00 H] 10
T 00 B0 T
12 (0 LT T
15 00 T 7
15 05 S, P Injected as above 00008 gram Yonom.
15 30 210 ]
15 40 160 10
18 50 11 5
23 50 65 T Killed by pithing.

16 Juoo, 1886,
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.f'_';lur'.l'l'mr'mf No, 8,

Length of
Timo Brspirntions CUTVE REMARKES.
min. sec. per mlnute . 1,
Nourmal ; i 9 Injected intravenously 0.015 gram dricd Cobira venom
2 80 e dissolved in 1 e e distilled water and fllered.
40 120 15 Struggles.
1 1o 45 e
I 20 G |41
1 40 432 34
a 0 £ o Respiration ceased,
Ezperiment No. 9.
Lengrih of
Time : Respirations CUrye KEMARKS.
mip. soe. per minute, ix. .
Normal . . 200 L] Injected intravenously 0,015 gram dried Cobra venom
10 200 9 dizgvlved in 1 e e distilled water,
20 ZhHi 11
a0 285 10
0 240 10
1 o0 265 11
1 30 200 1]
2 00 150 7 ;
2 1o 125 T
B 20 e Respiration evased.

Erperiment No, 10,

Timea ¢ Resplrations REMARKS.
min. sec. por minute.
Normal . . . b1 Injected intravencunsly 0.003 gram dried Cobra venom in solution,
20 a9
40 3u
1 &l
1 30 i
2 00 15
4 00 43
& 00 46
12 00 36
14 Respiration ceased.

The Action of Pure Venoms on the Respiration in Animals in which the Prew-
mogastric Nerves were Cut.—When injections are made, after section of the pneu-
mogastric nerves, the primary increase in the respiration rate does not occur, but a
diminution begins at once; and, on the whole, drops irregularly until death ensues.
Four experiments were thus made: one with Crotalus adamanteus, two with
Aneistrodon piscivorus, and one with Cobra venom; the results being on the whole
reasonably uniform.
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Experiment No. 11,

Lengih of
Tl Kespirations Curve REMARES.
min, s, per minute. . am,

Normal . . . 4% T Injected intravenously 0,008 gram dried venom of the
Orolains adamandeus dissolved in 1 e o distilled
waler, L

30 20 18 Blight stroggles preceding this observation interfered
1 00 28 10 with the marker.
1 30 i3 28
2 00 13 19
2 30 3 25
3 00 12 18
3 30 A 21
4 30 B 21
b 30 i 15
6 30 8 12
Erperiment No. 12,
Length of
Time : Respdrations CUrYE REMAREA.
min. see. per minute, m. m.
Mormal . . . 103 15 Injected intravenonsly 0,004 gram dricd venom of the
Lo 04 15 Ancistrodon pisciverus dissolved in 1 o e distilled
waler.
20 a4 30 Strugeles
a0 102 25
40 i 25
a0 il 28
1 00 G0 25
1 10 45 30
1 15 M i Dead. Despiration ceased ; heart still beats.  Animal
dies in tetanus,

Ezperiment No. 13.

Time : Resplrations REMARES,
min. see. per minute,

Normal . .. 102 Injected intravenously 0.00% gram dried Cobra venom dissolved

a0 L in 1 ¢ e distilled water.

1 00 8

2 00 61

4 00 i

Lik

Ezperiment No. 14.
Length of

Time : Heapirations e REMARES,
min. sec, per minuts, i, M.

Wormal . . . 127 17 Injected intravenously 0.004 gram dried venom of the
Aneistrodon piscivorus dissolved in 1 e e, distilled
winter.

an 02 17
30 i 32
40 52
al 82

1 05 63

30 h S Respiration ceased,
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In none of these experiments do we find a primary increase in the respiration
rate, as in animals with intact vagi, but invariably a diminution. It seems clear,
therefore, that the first result must be dependent upon an excitation of the peri-
pheries of the pneumogastric nerves, and that the diminution of respirations. is
due to a centrally active cause.  Should the lessened number of the respirations be
central, that is, dependent upon a depression of the respiratory centres, we would
expect to find that the degree of depression would depend upon the relative amount
of venom coming in contact with these centres in a given space of time. We have
accordingly made an experiment, in which this suggestion is admirably carried out
by injecting the venom into the carotid artery, thus throwing the poison directly
upon the respiratory centres,

Experiment No. 15.

Length of
Time : Respirations SUrYe REMARESR.
miE. &ee. puF miniake, i, W
Normal . .. 748 43 Injected into the right carolid artery 0.015 gram of
15 T 38 dried venom of Crofalus adomanieus dissolved in 1
a0 4 a0 e, ¢. distilled water
1 0w 4 20
1 a0 i 45 Convulsions,
2 00 R Mtk Dhead.

It scems obvious from the preceding experiments that venoms exert a double
action on the respiration; first, an irritant action on the peripheries of the pneu-
mogastric nerves, by which an increase in the respiration rate is brought about;
and secondly, a depression of the respiratory centres, by which the respiration
rate is diminished. Since the diminution in the respirations occurs in animals with
cut pneumogastrics immediately after injection, and at a time when an increase
occurs in normal animals, it is apparent that these two factors are acting in normal
animals at the same time to produce opposite results; consequently, whether we
have an increase or a decrease in the respirations must be dependent upon the
relative degree of power exerted by one or the other of these factors. In most
cases we have found a primary increase of respirations followed by a diminution ;
it is therefore obvious that the action of the venom upon the peripheries of the
pueumogastric nerves was more than able to compensate for the depressant action
of the poison upon the respiratory centres; this is very clear since no increase of
respirations above normal oceurs in animals with ent pnenmogastries,  In the two
cases in normal animals in which a decline from the first was observed, and in
which the animals died in a few minutes after injection, the action of the venom
upon the respiratory centres was so profound that the aceelerator factor was unable
to canse a rise. This is also illustrated in the experiment in which the venom was
injected into the carotid artery and thrown upon the respiratory centres,

Since venom does not seem to exert other than a depressant action upon the
respiratory centres, it does not appear probable that it would have an opposite
effect upon the respiratory nerves, so that the effect of the venom upon the peri-
pheries of the pneumogastric nerves is probably one of irritation rather than stimu.
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lation, and probably due to some secondary canse, which is likely to be located in
the profound alteration of the blood or the destructive action of the venom upon
the pulmonary tissues, as illustrated, for instance, upon capillaries,

SecrioN 1I.—THE Actiox oF GLOBULINS ON THE RESPIRATIONS.

The Action of Venom Globulins upon the Respivation in Normal Animals—
Seven experiments were made with globulins upon normal animals: three with the
waler-venom-globulin of the Crotalus adamantens ; and one with the water-venom-
globulin of Cobra; one with the copper-venom-globulin, and one with dielysis-venom-
globulin, both from the Crofalus adamantens,

‘These poisons, excepting the copper-venom-globulin, all act like the pure venoms,
but generally with a less degree of intensity, causing a primary acceleration of the
respiration followed by a decline. In the second experiment, however, there was
no diminution, but the respirations became enormously increased so that at death
they were nearly trebled in frequency. The copper-venom-globulin does not cause
any primary acceleration, but simply a diminution.

Ezperiment No. 16.

Lengih of
Time & Respimtions CHrve REMARKS.
min, 0. per minute. . M.
NWormal . . . 1 H] Injected intravenously the waler-venom-glohulin from
&0 1o 15 0,015 gram dricd venom of the Crofalus ademanieus,
410 100 12
1 00 U6 11
3 00 U6 !
4 00 120 10
a On 120 10
LI L1 132 10
8 00D o0 10
10 00 90 )
12 00 50 2
14 00 G (]
14 05 o e Injected ag above from 0,06 gram dried venom.
14 20 &0 15
14 40 1] Lo Biruggles.
16 40 a0 10
18 40 a6 8
a0 40 108 b |
22 40 114 9
94 40 108 9
a6 40 a0 fi
ag 40 9% &
40 40 T2 1
32 40 4 .
34 40 Tl 2
a6 40 o 8
ag 40 11 i
40 40 i 10 5

44 DD s iy Tend.  MMeart arresied in dinstole ; zome ecchymoses,
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..i":.',r;n-rirm-m" No. 17.

Normal

Time :
min. sec.

1
1
i
11
16
17
27
29

15
a0
L]
a0
30
E]
t 1]
LU
L]
00

Resplrations
per minute.

15

80
111
i
£
8 1]
1140
110
120
1940

FExperiment No. 18,

Tlome =
min, soe,

Normal

L=

fi
11
16
26
33
H1H
T
76
120

15
25
45
15
i
111
1]
0
0f
a0
(i1
g
(111

Resplrations
T minute.

114

126
132
150N
1540
204
114
84
63
(1
ik
63
13

Experiment No. 19,

Tk :

Normal

min. sec.

10
14
19
24
29
a4
42
47
3

20
a0
an
an

an

a0
a0
a0
a0
30

Resplrations
por minute.
i3
24
8
120
108
H
6
B2

i
1
18
2
(5
12
a6

Length of
CUrye REMARES,
. 1.
| Injected intravenously 00158 gram water-venom-globue
fin (5 days old) from the dricd vewom of Crofalus
adamarieus.

&  SBtruggles.

Injeeted the snme s above,

Diead.  Blood remaing fluid ; some eechymoses.

REMARKS.

Injected intravenously the waler-venom-globulin from 0.035 gram
of dried Cobra venom dizsolved in 1 e e distilled water.

Killed. Animal in fair condition.

REMARKS,

Injected intravenonsly the waler-venom-globulin from 0,015 gram
dricd venom of the Crofalus adenaniens.

Hemataria.
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Time:
min, see,

L
67
(|
B0
BH

30
a0
a0
a0

Respirations
pur minute.
90
B4
84
12

Experiment No. 20,

Time :

Normal

min. see.

L]
41
43
40
47
49
51
o
67
59
H
63

G
T

73
5
T
79
&1
.
81
il

b

20
40
]
a0
30
30
80
1]
]
1]
1]
00
L1
]
LT
[1]1]
(11}
00
L1
(111}
Ui
iy
{11
00
00
on
o0
(1]
00
1]
00
00
1]
o
1]
i}
a0
(i
(11
(111
i
L]

Respirations
per minube.

180
174
1G5
16
LG8
103
100
110
158
138
120
144
102
108
104
112
100

a0

11
112

25

i 1H
10%
108

Th

i

&0

TH

an
116
118
116
104
1000
116
Ty
116
140
130
130
120
126

REMARES,

Demd,  Eeeliymosez gencrally ; blood Quid.

Lengih of
CUFye
M. [

20
19
19
]
20
13

L)
10
17
11
1
10

— = asa
of =1 D 0/ Qb D D 30 I ml & o= o= O S =1 =1 D D = D W

i
L — R - -

Lk
Lk

REMARKS,

Injected intravenously the copper-venom-glolulin from
0.0L5 grow dried venvim of the Crofalus adamanteus.

Struggles.

Killed by pithing. Lungs very much eechymosed ; abdo-
minal viscers normal ; heart normal ; blood congulates,
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E.l'!u riment ,Tu, '.?l.

Length of
Tima : Respirations curve HEMARES
min. sec. per minate. m, m,
Naormal 54 1= Injected intravenously 00012 gram  wealer-vénem-
1o i 16 globudin from the dried veuom of the Crofalus ada-
2 HT | 15 wraale s,
40 a4 15
1 oo 1% 16
i 00 il 1742  Struggles.
1] 2 33
T U a 30
500 [ 32
10 00 L 28
11 a0 hilh 30
13 30 i 42
15 30 iy 3%
17 o 8 45 Tnjected 0.0022 gram woler-venom-globulin.
17 10 98 42
1T 20 102 45
13 20 T2 §8-78 Birugpeles.
19 20 i 22 :
21 20 i 23
24 20 T 25
27 20 i 20 Injected 0.0024 gram waler-venom-globulin,
27 40 LE1 26
28 20 i 25
20 50 = e Killed by pithing ; some cechymoscs

Experiment No. 22,

Length of :
Time: Reepirations curve REMARRES
min. Bec. per minute m. m
Wormal . .. 112 ] Tnjected intravenously the dialysts-venom-globu fin from
1] 120 12 0,015 gram dried venom of the Crofalus adamanteus,
2 160 16
a0 140 16
10 L E LU 15
1 oo 140 H
2 0 126 1o
5 00 156 14
10 00 174 15
12 00 130 14
13 20 142 1 Injected dialysiz-venom-glolulin from 0.06 gram of
13 &0 150 28 dried venom.
14 30 132 13
19 0n 130 °
4 M 120 8
a9 oo 110 10
39 00 =i g
a4 =il 4
55 00 e e Dead.  Respiration ceased before the heart.  Eechy-

moses in the lungs amd in the pericondiom, in the
small intestine, ureters, and bladder.
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The Action of Venom Globuling on the Respivation of Animals in which the
Pneumogastric Nerves were Cul.—Two experiments were made on animals with
eut pneumogastric nerves: one with the dialysis-venom-globulin, and one with the
copper-venon-globulin, both from the Crotalus adamanteus.

In neither experiment was there an increase in the respirations; these results
being in accord with the experiments made with pure venom.

Ezperiment No., 23.

Time : Respirations
min. see. per minute,
Normal 42
10 . a9
20 a0
40 24
1 00 27
1 20 T
3 20 20
& 20 ]
g 20 24
13 20 an
23 20 a2
a6 20 42
a6 40 42
38 40 24
42 00
Eaperiment No. 24.
‘Time : Respirations
min. Boc. per minate.
Normal : G0
a0 B4
1 00 43
3 0 48
g8 00 45
13 00 b2
15 00 458
15 _30 a0
15 40 54
16 00 ¥
14 30 18
19 0d 13
24 00 20
27T 00 20
30 00 30
a5 0o 26
39 00 21
41 00 310
/ 4f o0 42
40 00 a0
S84 00 .
17 Juns, 1880,

Length of
curve
ETh. i,

B
10
12

—
=¥ ]

S s

o Lhoohoof

£ =T =T

Length of
curye
. M.

= - = -

-
LI

LB UL S R SN =

g

EEMARESR.

Pnenmogastrie nerves previously cut.  Injected liypo-
dermically the dialysis-venom-globulin from 0.015
gram dried venom of the Crofales adomaniens.

Btruggles.

Injected dialysis-venom-globnlin from 0.00 gram:

Straggles.
Respiration ceased ; heart beats feebly ; blond remaing
incoagulable; great ecchymoses in abdominal viseera.

REMARES,

FPnenmogastrie nerves previously cut,  Injected intra-
venously the copper-venom-globilin from 0,015 gram
dricd venom of the Crofalus adanianteus,

Injeeted copper-venom-globulin from 0.03 gram dried
venom in two doses,

Struggles with very irregular breathing followed by
gasping respiration.

Injected copper-venom-globulin from 0,12 gram dried
venom in two doscs,

R(h::pimtinn ceased 3 heart still beats ; eechymoses in
heart and lungs marked.



130 THE VENOME OF CERTATN THANATOTHIDE X,

The results of these experiments with the globulins indicate that the water-
vonom-globulin and dialysis-renom-globulin act like the pure venom, while the
copper-tenom-globulin lacks the property of producing the primary acceleration of
the respirations.

Secrion I1L.—Tue Actiox oF VeExoMm PerroNes oX¥ THE RESPIRATION.

The Action of Venom Peplones on the Respivation in Normal Animals.—Three
experiments were made on the normal animals with the venom peplones; in two
with the peptone from the Crofalus adamantens, and in one with the peptone from
the Aucistrodon piscicorus.  In all of these experiments the increase of the respi-
ation rate was strongly marked.

Erperiment No. 25.

Lengih of
Tim: Respirations Clrvg REMARKS.
min. ®e0. per minate. . My

Normal . . . 285 (1] Injected intravenously the peplone from 0.03 gram
1] 255 G0 dricd venom of the Crolalus adamanteus oblained
an 255 i by boiling.

1 00 300 b6

2 00 270 50

600 270 B0

LU 270 b5 Killed. Blood clois readily ; moderate ecchymoses in

: the lungs,
Ezxperiment No. 26.
Length of

TSN Respdrations Curve REMARKS.
min. Bec, per mimute. M. m.

Normal . .. 150 11 Injected intravenonsly the peplope from 008 grom
10 240 16 dried venom of the dncistrodon prscivorus oblained
a0 270 15 by boiling.

410 240 -
1 00 d45
110 270 X
1. 20 240 e
4 20 240 S
9 20 00 ainr
18 20 60 M
28 20 270

i3 20 150 1
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Erperiment No. 21.

Length of
Tieme : Kespirntions Eurve REEMARES,
fhin. g per minute, B, i,
Normal . . . Th 3 Injected intravenously the peplone from 0,015 gram
10 120 12 dried venom of the Crofalus adamanicus.

G 0o 1] 10

6 00 (i 8

11 b ol 8

15 00 48 T

23 0o b T

25 00 45 7

a3 00 i) i

47 0o G0 9

41 o e Dead, Ko eechymoses; lungs slightly congested.

In one animal the inerease was equal to one-third of the normal; in the second,
in which a larger dose was used, the normal rate was doubled ; and in the third
it rose to more than one-half of the normal. There was not, however, in any of
the animals that marked depression which is observed in poisoning with pure
venom or venom globulins,

The Action of Venom Peptones on the Respivation in Animals in which the
Prewmogastric Nerves had been previously Divided.—In one experiment in which
the pneumogastric nerves were cut and in which the peptone from the venom of
the Crotalus adamantens was nsed, the well-marked primary increase in the respi-
rations did not oceur, there being a diminution from the first.

Lrperiment No. 28,

Length of
Time : Respirations CUFT REMARES,
min. sce. per minute, m. m.
Normal ... B0 13 Injected intravencusly the peplone from 0.0015 gram
1oy 62 18 dricd venom of the Crofalis adomanfeus.
15 87 12
20 20 8
30 23 1
1 00 30 8
1 30 a0 (|
3 30 40 L
8 30 (1] B Struggles.
13 30 a6 13
20 30 8 = 1T
25 40 a0 14
a0 30 53 ]
43 00 L] 12
40 00 45 15
45 00 45 15
50 00 45 1i
63 00 44 15 Killed by pithing,

In this experiment, as in those with pure venom and venom globulins in which
the animals had the pneumogastrics cut, the increased respiration rate seen in
normal animals did not occur.
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The results of the experiments with venom peptone are therefore in accord with
those with the pure venom und the venom globulins.

Summary.—From the results of the observations with pure venoms and their
globulins and peptones upon the respiration it seems clear that the primary action
of all of the above poisons, exeepting the copper-venom-globulin, is to cause an
mcrease in the number of respirations, and secondarily to diminish the respirations
below the normal.  Of the different principles the peptone seems to exert the most
decided power in causing the acceleration, while the copper-venom-globulin seems
to utterly lack this action.

Since the primary increase of the respirations does not oceur in any case after
section of the pnenmogastric nerves, this effect must be exerted by an action of the
poisons upon the peripheries of these nerves, and since after section of these nerves
a diminution of the respirations always occurs this effect must be due to a depres-
sion of the respiratory centres, as we have found that the motor nerves and muscles
of respiration are irritable long after the cessation of this function.
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CHAFTER X.
PATHOLOGY.

Pathology of Serpent Venoms.—The pathology of snake poisoning in man owes
most of what is best in our knowledge of it to the researches of the East Indian
surgeons and to American observers,

In the following observations Prof. . ¥, Formad has followed with great suc-
cess the lines of a research which were laid down with eare by the authors of this
essay. They have also been at great pains to repeat, and to verify, most of the
observations made by this distinguished observer.

The Nature and Chavacter of the Individual Morphological Constituents of
Venom.—Having seen that fresh venom consists morphologically of a liquid and
of a solid part, it was necessary to ascertain the exact nature and character of
each.

The following means were resorted to:—

1st. The separation of the granular material (of fresh venom) by filtration and
the submission to physiological tests of the liquid filtrate and of the solid residue,
each separately.

2d. The exposure of fresh venom to a temperature high enough to kill organized
life, and then submitting it to physiological tests.

3d. Studying the effeets of venom and of its isolated morphological constituents
upon dead animal substances. (Putrefaction and other experiments.)

4th. The isolation and culture of the organisms contained in venom and the
testing of the physiological effects of these isolated and washed organisms (viz., of
pure cultures of micrococei).

Ist. Filtration Experiments with Fresh Vewom.—On account of its viscid and
glutinous character venom could not be satisfactorily filtered except under a high
pressure through a vacuum filter. About two drachms of fresh Crotalus adamanteus
venom were forced by means of a hydraulic air pump through a porous clay eylin-
der such as is employed in certain small galvanie batteries, or else the venom
was filtered through a thin layer of plaster of Paris moulded in the neck of a
small glass filter. The liquid filtrate obtained was perfectly clear, and examined
under the microsecope showed no organic or solid particles of any kind. The solid
residue left upon the filter consisted of granular material, such as has been deseribed
before, of bacteria and a few cells. This residue was diligently and repeatedly
washed with boiled distilled water, by passing the latter through the filter.

The amount of residue (about three grains) just obtained was dried and intro-
duced subeutancously into the pectoral muscle of a pigeon, but without effect.
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Two pigeons were injected in the pectoral muscle, one with five, and the other
with two minims of the liguid filtrate above described, and both died promptly
within six minutes and twenty-five minutes respectively.

Nl Erperiments with Healed Venow.—Fresh Crotalus venom rapidly dried was
put in a covered watch-glass and subjected for one hour to a temperature of 115° C.
in the dry-heat oven. The venom was thercby converted into a dense resinous
opagque brown mass,

Two grains of this mass, upon the addition of distilled water forming a turbid
liquid, were divided into thirds and injected hypodermatically into a rabbit, a rat,
and a pigeon, respectively.  The rabbit died in 15 minutes, the rat in 12 minutes,
and the pigeon in 7 minutes, after the operation, with results and lesion similar to
those obtained by the use of fresh venom.

This experiment also shows that the virulence of venom does not reside in any
of its orzanized constituents.

dd. Putrefaction Experiments.—The testing of the effeets of venom on various
dead animal substances was particularly desirable on aecount of the remarkable
capacity of the venom to induce rapid putrefaction in the tissues of living animals,
It was necessary to learn whether this property of bringing about speedy necrotic
changes was an action inherent in venom or due to any of its accidental constituents,

Putrefaction Experiments with Sterilized Bowillon and Fresh Venom and ifs Active
Prineiples (not Sterilized).—This bouillon was prepared from chicken in the same
manner as that ordinarily used for calture ligunids for bacteria, and the experiments
were executed in a room at a temperature of about 70° F,

About two drachms of sterilized bouillon were put in each of sixteen ordinary
test tubes which were then treated as follows :—

Tubes 1 and 2, added to bouillon one drop of fresh Crotalus venom ; mouth of
tubes plugged with cotton,

‘Tubes 3 and 4, prepared same as last, but tube left open (no cotton plug).

Tubes 5 and 6, added one grain of Crotalus peptone. T'ube closed by cotton
plug.

Tubes T and 8, same as last, but tubes left open.

Tubes 9 and 10, added one gmin of Crotalus globulin,  Tubes clbsed.

Tubes 11 and 12, same as last. Tubes open,

Tubes 13 and 14, a pure bouillon, nothing added to it. Tubes closed.

Tubes 15 and 16, same as last. Tubes open.

Twenty-four hours later the bouillon in all the test tubes which originally was
perfectly clear had become cloudy except tubes 13 and 14 (which contained the
sterilized pure bouillon plugged well with cotton).

On the third day of the experiment tubes 3 and 4 (fresh venom, tubes open)
showed well-pronounced putrefaction of the bouillon.

Slight putrefactive changes were subsequently observed in the remaining tubes
(except 13 and 14) in the following order :—

On the fourth day, tubes 7 and 8. On the fifth day, tubes 11 and 12, also in
tubes 15 and 16.

On the seventh day all the plugged specimens were examined, and all showed
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more or less putreseence exeept the tubes with the pure bonillon as stated. Of
these closed test tubes, however, tubes 1 and 2 (the fresh venom) showed the
putrefactive changes to be much more pronounced than in the remaining tubes ;
but as we have seen putrefaction ensued much sooner in the tubes that were open
(tubes 3 and 4).

As all the tubes showed putrefaction more or less, it is presumable that the
peptone and globulin accidentally contained bacteria, these substances not having
been sterilized at the commencement of the experiment.

The contents of the tubes examined microscopically during and at the end of the
experiment showed the presence of bacteria of putrefaction in direct proportion to
the putrefaction changes.

Imperfect as this experiment may be, it appears to establish the fact that fresh
venom promotes putrefactive changes comparatively more rapidly than the venom
peptone and globulin, but it also shows further that this power to produce putres-
cence is very much aided by the action of the air, and depends upon the presence
of bacteria contained in that air or in the venom. It was also evident that putre-
faction was considerably retarded in all the tubes that were plugged by the cotton,
and further that unplugged tubes containing sterilized soup, and exposed to contami-
nation from air showed also putrefaction but at a later date,

Putrefaction Experiment with Muscular Tissue and Venom.—The following rough
experiment also appears to show that pntrefactive changes develop in dead animal
tissues much more rapidly in the presence of venom than withont it.

Experiment,—A few drops of a solution of dry Crotalus venom were poured upon
a small piece of fresh muscle just removed from the thigh of a rabbit and placed
in a covered glass beaker,

A similar preparation but without the addition of venom was made in a second
covered beaker. Temp. 707 to 80° F.

Putrefactive changes began to appear in the specimen treated by the venom after
twenty-four hours, and after seventy-two hours were quite far advanced. Under
the microscope the muscular tissue showed necrotic alterations very similar to
those (to be described later) as occurring in experiments upon the living muscle.
A multitude of dumb-bell-shaped rod bacteria, some large bacilli and the micrococei
of the venom enormously multiplied, were seen in the decaying muscular substance.

In the specimen of muscle not treated by venom, putrefactive changes were
delayed to the fifth day and then appeared to be much less conspicuous, showing
but few bacteria. The muscle fibres were uniformly eloudy and degenerated but
not broken down in the peculiar manner eaused by venom.

FExpeviments with Bowillon and Venom in Sealed Glass Bulbs, Venom being
thoroughly Sterilized. —More satistactory and conclusive results were obtained from
the following experiments: —

A number of small glass bulbs were filled with sterilized bouillon after the well-
known methad of Dr, Sternberg, and after being thoroughly resterilized by boiling
the following preparations were made :— .

To each of six bulbs was added one grain of dry Crotalus venom, the venom
having been previously subjected to sterilization m a dry hieat at 110° C. for one
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hour. The bulbs were then hermetically sealed by melted glass. The bouillon in
these tubes (with sterilized venom) remained perfectly clear and free from bacteria,
Microscopical examination was made at various lll'riﬂdH, the last time after l.*igh‘l["('l'l
months when it was still perfectly clear and showed no signs of putrefaction.

A similar result was obtained in an experiment with another set of six glass
bulbs filled with bouillon, and to which some Moccasin peptone, previously sterilized,
was added, These bulbs looked somewhat clondy, but on examination of the con-
tents eighteen months later no bacteria, and no putrefactive changes were noted.

As a control experiment six bulbs filled with pure sterilized bouillon were kept
for a similarly long period, and they all remained clear and free from change; while
a few bulbs filled with unsterilized bouillon showed great eloudiness, bacteria, and
putrefactive change.

4th. Culture Erperiments—The study of the morphology of the bacteria inhabit-
ing the venom was next undertaken. To this end numerous culture experiments
to isolate the bacteria from the venom were made, As stated before, the perfectly
fresh venom contained only one form of these vegetable organisms, the micrococei,
and only to these latter attention was paid; the rod bacteria and bacilli not
appearing except in venom which had began to putrefy,

The micrococei contained in the venom showed the following behavior in pure
cultures: OFf culture soils, the peptonized gelatine prepared after the formula of
Koch proved to be quite suitable. The isolation of the micrococci was made after
the methods of Sternberg and of Koch, as adopted in the pathological laboratory of
the University of Pennsylvania. For gelatine enlture a minute quantity of venom
was smeared on the surface of the solidified jelly contained in a sterilized, small,
flat, well covered glass vessel. The micrococei liquefied the jelly, an effect not
peculiar to all bacteria. After twenty-four hours all over the inoculated surface
of the jelly were seen small turbid drops which contained the microcoeci, With a
sterilized platinum wire the micrococei from one of the liquefying specks upon the
first culture were transplanted to the jelly in a second culture vessel, From this
second generation a minute quantity was transplanted to a third and fourth culture
vessel. The fourth and all the later generations yielded usually a pure crop of
micrococei.

In impure cultures dumb-bell-shaped bacteria and sometimes large bacilli were met
with. ‘These, however, could not be said to be peeuliar to venom, as they are never
found in fresh venom. It may, therefore, be concluded that these cultures represent
the mierococei peculiar to, or at least those constantly inhabiting venom. More-
over, the micrococel in these cultures whenever they were successful, were the
only bacterium seen and were fully identical as to shape, measurement, and be-
havior to aniline dyes with those found in the fresh venom,

Much better crops of the venom-micrococei were obtained in bouillon cultures in
Sternberg’s glass-bulbs. The micrococei grow more rapidly and better in these
bulbs, because the bouillon can be heated up to the more suitable temperature of
407 C. ; while the jelly cultures could not be warmed to such a degree without melt-
ing solid gelatine. A variety of other culture soils and methods of isolation were
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employed in these experiments, but their description here is unnecessary as not
being sufficiently related to the points at issue,

In relation to the morphology of the micrococei it may be added, that they
measure on the average 3;1:. of an inch in diameter; they often appear in pairs,
but most commonly in zooglea masses.  They show a distinet aureole, such as is
met with in various forms of microcoeci.!

These aureoles have lately been erroneously deseribed by Friedlander, as peculiar
to certain * specific” micrococei in eroupous pneumonia.  In conclusion, it might
be said that the venom micrococei do not appear to differ from the microcoeei found
in the saliva of men and other animals,

In order to test whether the venom-micrococel were in any way specific or patho-
genetic, and whether they form, or contribute to, the virulence of the venom, inocu-
lations with pure eultures of the micrococei were made upon animals.

As these experiments gave entirely negative results, it is superfluous to enter
into details.  Suffice it to say that large quantities of the pure micrococei from a
sixth generation were injected, in various manners, into rabbits, cats, pigeons, and
white rats, but without fatal results; or without producing any other lesion than
occasionally local abscesses, or later on, metastatic abscesses. Sometimes the so-
called “miliary tuberculosis of animals” was produced by inoculating with the
venom-microcoeci.  No signs of any lesions resembling those of venom poisoning
were observed.

Experiments made to Study the Anatomical Changes produced by the Venom in liv-
ey Animals,  Nolbed Eye Appearances.—Very many years ago Dr. Weir Mitchell
deseribed two forms of venom poisoning—rapid or acute, and siow or ehronie. To
the latter appear to be relegated by him all those cases in which death is protracted
beyond a few hours. This convenient division is justified by certain differences
in the mode of termination of venom poisoning, and by the macroscopic and micro-
scopic appearances of the lesions indueed.

In the most rapid poisoning, there is frequently nothing appreciable to the naked
eye beyond the slight local lesion or here and there minute capillary hemorrhages,
when death has been delayed beyond a minute,  In examples of chronic poisoning
both the local and the systemic changes are enormously more extensive. When
animals were subjected to chronie peisoning they were kept under the influence of
narcotics, since it had been learned that these agents did not affect the results,
No Cobra venom was employed in this series, but only the pure or dried venoms
of our own serpents, or else some one or other of the constituents of these poisons.

The following tables relate the experiments made, and the more striking mor-
phological changes: —

e — = - e

' Bee “ Memoir on Diphtheria,” Report to the National Doard of Ilealth, 1582, by 1. C. Wood
and H. F. Formad.

18 June, 18580,
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RAPID POISONING.

Effects of Venom when Injected Hypodermatically into or Applied otherwise to the Tissucs
of the Living Animal.

N, of | Animal | Form and quantity | Time of Local lesion. Condi- | Changes in thomx, abdomen, LHE VTN
expl | usod. | of venom, and death. tion of braln, and membrabes.
| where utroduced . Lsbicall,
1 | PMigeom | Crotalas venom, Killisl | Moderately gized,| Congn- | All futernal organs congested ;| This  animal was  killed
fresh, § grain in- | after 5 | dark hemoreha- | lable | o other changes visible; no | befors the fll efects of
Jocted into pecto- |minutes | gie swelling and red | ecchymoses perceptible the venom.
ril muuischs
2 | Pigeon | Same as last Died | Very dark oolored) Less oo. | Organs only moderalely con- | For the details and the his-
in 15 hemorrhagic agulable, gested, bub there wers nu- | tologiesl appsearanees, sse
mitinifes :.'kl.-]”.hg and merous  small llll,lpl-l,l“rll.' e next -ui.il||lu'. The
quite subperitoneal, and slight | studies of the changes
dark subpericandial ecchymoses in muscular lissno wers
mostly made from  this
expariment.
3 | Pigeon | Moceasin venmn, Died | Profose hemor- | Lignbl | Bechymoses 1o nearly all or-
fresh, | drop in- | after 1 | rhage all over Very gans, quite marked in arack-
jected into peri- licar peritomeal dark nodd amd at base of biradn ;
LT amal 5O | eavity Aot & Amall a8 to D visis
minnbes Lle only by microscope. Ex-
Lram congestion
4 | Pigeon | Crotalos venom, Died | Bame as last Liquid | Hemorrhages only saliperito.
frosh, 1 drop luto | in 25 dark neal, oiher organs meroly
ritonsum minutes congestid
5 | Rabhit H]l:cﬂin vanom, Holbperitoneal Coagu- | Ho changes beyond local
injected into peri- | winotes | homorrliages | lable on | lesion
toneum X PO T
6 | Pigeon | Peptons, injoctod 35 Hemorrhagio Liguid | No visilde changes, except all | Chianges in musenlar fis-
into peetoral minutes | swelling organs congesied s similar to these pro-
miiscla dnced by fresh  venoem,
but far less blood efused.
T | Pigean | Moceasin venom, i Hemorrlages in | Slightly | Membranes of Bealn and lLeain
Tresh, infected minutes | arachnodd and | coapn- substanes poriphornlly soak-
into cavity of biealn tisswe L-Elu ed with blood ; other organs
skull oongested
£ | Kabbit | Mocoasin venem, 1 Lang infarcted | Same ns | No changes, oxcopt in long | See specimen and deserip-
fresh, § grain in- | minute | by blood Last and semne sabpericardial ec- | tion in chapler on listo-
jeeted Into lnng cliymeses logieal changes.
§ | Rabbit | Peplong, § grain 43 | Eeohiymosia Liquid | Other organs nol visibly
inte liver and minnies | locally ounly dark affected
peritoneam
In | Rabbit | Same as last Eillied at) Slight subperito- | Dark, | No systemic changes.
the enl | neal eocliymoses but ea-
af 1 howr ulalile
11 | Pigeon | Peptons, 1 grain 20 Local scolivmoses itto Mistological changes
into peritonenm | minates | slight No notable changes in oilier similnr to o pro-
12 | Pigeou | Globulin, § grain 40 | The same az last | Ditio argans dueed by fres
into poritoneam | minntes VTHEL
13 |Cat Crotalus globulin, 40 | Profose cechy- | Slightly | Hemorrhage only loeal
§ grain into peri- | minntes | mosia O
tomenm lalile
14 | Cat Crotalus peptons, | 1 hoor | Same a8 last, but | Liguid | Hemorrhage only local, also | | Microscopio examination
§ grain futo peri- | and 20 | less marked exireme congestion of all mdde of overy organ,
tonenm minntes PSRN The details will e
15 | Rabbit | Crotalus globoling, | Killed | Same as last Hed and | Nothing pecalisr beyond the given hereafter.
§ grain into perd- | in 10 coagn- | loval lesion
tohieiim minmtes lakle
18 | Rabbit | Dry Crotalos Killsl | Bame as last Bame a8 | Spme a8 last
venom, § grain in| in 10 last
walery =olution, | mingtes
into peritongum
17 Eablsit IJI_'I' [.'r'l-'ll-llll.l!.l. Iried Snme as last ll'ngr E:-iﬂ_.rmﬂ in all OFZATE 0X- Bome of the m,nm
vemom, § grain in | 1 hour dark, | amined. Profose ecchymo-| wore so small as to be
walery solution, | and 25 liguid | ses in peritonenm, alse sub- | visible only on  micrs
into peritoneum | minates plenral, subarachnoid, and | seopioal examination.
subpericardial. Liver, whicl
was injured by the syringe,
showel o large hemorrhagio
infarction
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RAPID POISONING.—CoXTINUED.
- S— =L - S— —
Nou of | Apimal | Form and quantity | Time of Liscal lesion, Condl- | Changes in thorx, alslomen, REMARES,
nEfH. izl of vendm, aml death. thon of | bruin, and membranes.
where introdoced, bloed, |
18 Dew Crotalus | Died |Same as last Same as | Peritoneal cavity contains a | Cats appear to resist the
¥ ano, 1 gr;\i“ in .."j}h:;.urg last _gu:p-;u] denl of !'inl_lrin:l. blood ; | efects of vinom kel
watery solution, hemmorrhage at base of brain | louger than the othar
into peritoneal (snbarachmoid}: mo other | animals nsed in thiz re-
cavity lesion moded ; ergans rather | search.
angmio, Heart empiy, con- |
irmoted
iH] Peritonenm opened, |  Disd Hemorrhagie in- | Partly | Peritoneal  hemorrhage; or- | [t appears that when the
{ehlor- | mesenter a_rq;lsoﬁul after 4 | filtration, qoites | congun- EAIE anemic mesentery 18 rrjru:crrf ansl
alized) | uninjured, in hours | extensive, but lalile not imjored the animal
mokst chamber, amd 35 | eame on very survives much larger ap-
and smeared re- | minutes | slowly plications of venom than
peatudly with il vemom b= injected into
solution of dry an unopened peritoneal
venonm, uding not cavity. Very small guan-
leza than & grains tities of vewoin appear 1o
of venom kill im the latier case,
For forther experimants
of thiz character,
| Mechanism ol
rhages.

None of the cases in the table exhibit instances of the greatest possible
rapidity of death, Dr. Mitchell has seen a pigeon die within ten seconds from a
hypodermatic injection of pure Crotalus venom. In such a case there is positively
no lesion, and the blood is solidly coagulated.

In most cases very soon after injection of the venom in either of its forms, the
time varying from a few minutes fo a few hours, according to the kind of animal
and the quantity of venom used, there appears a swelling at the point of injection
with intense violet-black discoloration of the skin, which gradually extends over
an area of several square inches, On making an incision into the tissues in the
immediate neighborhood of the injection, they are found to be soaked with
extravasated blood. This is often all that is visible if death has occurred soon;
but if it has been postponed for a short time, then in tissues distant from the place
of the injection, extravasations to a smaller extent were often found. Most pro-
nounced and most frequent are the ecchymoses below serons membranes (subpleural,
subperitoneal, and subpericardial); in fact the whole organism is deeply affected,
the tissues being congested and presenting a much darker appearance than normal.
The blood does not seem to coagulate readily within cavities or interstices of the
body wnless death follows almost instantancously. In cases which live longer, the
blood remains commonly in a liquid state, or coagulates imperfectly, and then only
after being exposed to the air, resembling in this particular the state of that fluid
observed in conditions of asphyxia.
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SLOW POISONING,
Effects of Venom upon the Tissues of the Living Animal.
Na. of ! Animal | Form and quantity | Time of | Loscal lesion. Conli- | Changes in Intornal organe, ‘ REMARKS,
oxpl. [T of venom, aml death. tion of
where Introduced. blosnd.

o | Pigeon | Capper globulin, 13 Large, dark gan. | Ligokd | Subpericandial  ecchiymoses  and
2 oo [egial tal | hoors grete like swell.  and [H-riq.'a.hliil effnsion. Held tll'l-gﬁ‘il
gram fresl Tenom) | ing of ehist : dark serwm in poritoneal eavity. Heart
injeoteld into pee- muscle disinte- empty,  Lungs amd ploora Fn]hi'
toral muoscle grated of ecehymoses.  All the organs

congeated I‘

21 | Rabbit | Unknown, bat very | 8 days | Dark gangren- Liguid | Nomerous minute hemorrhages ba- | A1l these  antopsies
palpaie |_|_||,\1||i|;].' [T q'l'r“I-JIF and low serons mrm.hr:nrw, seen aleo | were mdade  iinmedls
of Crolalns venom dark at base of braln in right pesterior | ately or guite shoertly
injected in back fossa. The organs ratlier anmmic | afer death.

and soltensd
22 | White | Crotalus venom, 2 days | Hemorrhagie Slightly | Organs congested, softemed ; notli- | For cha in Blosd,
rat dry, § grain in- and T peritonitia ooz | ing olse peenline fonnd ; swall, | seo details in toxt.
jeeted into phdo- hionrs | lalle, looge, red olet in right side of
Tkl | dark huart

Cat Crotalos venom, 8 days | Bkin slongh over [ Liguid | All intéernal organg softened and
dry, 1 grain in- and 2 loeal lesbon, dark, ill|  highly eechymosed and congesied.
Jeoted into riglit Lioars which is dark, | smelling Feees and urine bosdy. Hemor-
thigh hemorrhagic, rhage at base of brain, samd min-

and pangrenons ute blood specks in perfoardinm.
Heart guite atrophisd and softened

24 | Pigeon | Quantity nnkoown,| 14 days | Atrepliy, with | Lignid | Hemorrhages indieated by deposits | For further details
imjectal into psee- pigmantation of | amd of Wood pigment in tho fissaes. | of the histelogical
toral mnsele the pectoral VEry All the organs in & state of atro- | changes, ses text.

muscle injeoted | dark phy and soltened, resembling

acuie yellow atrophy in man. | §. B.—fiangrenons

Borous sacks all tended with | changes in the local

bloody serum.  Heart empty, and | losion are usoally

although contracted quite soft more pronounesd in
ihe “*Blow' than in
the Rapid form of
veuom poisoning.

The following lesions may be mentioned as peculiar to retarded or slow poison-
ing: Rigor mortis often absent, The blood, usually diffluent, is very dark and

does not readily acquire the scarlet-red color when exposed to the air,
are prominent blood-stained effusions in all the serous sacks.
and feces often bloody.
ous than in the rapid poisoning.

There

(Plate V.) Urine
Hemorrhages beyond the local lesion much more conspicu-
The remote lesions of slow poisoning resemble

very much (morphologically) the primary local lesion, but are not so extensive or
so well defined.  In general the conditions of slow venom poisoning resemble those
of acute septic poisoning. It is very often impossible to draw a distinet line between
the manifestations of rapid and slow poisoning, nevertheless the division is in prac-
tice convenient.

One case of very protracted slow poisoning was observed in a pigeon which had
been injected with venom in the pectoral muscle. (See Experiment 24, Table
Slow Poisoning.)

Instead of the unsual gangrenous change there was seen in this case after the
lapse of two weeks a decided dry atrophy of the muscular tissue about the wound.
Its fibres were greatly diminished in size as compared with the opposite unaffected
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muscle, and many of them were entirely disintegrated, as was evident from the
remnants of the muscular fibres and the granular material which took their place
between the interstices of the connective tissue, This granular material was seen
throughout the specimen, some of it being of a brown tint, and probably repre-
senting disintegrated blood corpuscles.  The internal organs were all in a state of
atrophy, more particularly so the liver, the tissues of which under the microscope
bore a striking resemblance to acute yellow atrophy. The serous sacks were all
largely distended by blood stained serum, The heart muscle was also in a condi-
tion of atrophy, its chambers empty, and the blood dark and not coagulable.
Blood examined microscopically showed appearances to be mentioned shortly.

The Efiects of certain Venoms on the Coagulalility of the Biood —One of the most
interesting differences in the action of the venoms of the Rattlesnake and Cobra
and which was pointed out some years ago by more than one observer, is that
the former venom partially or completely destroys the coagulability of the blood,
while the venom of the Cobra has no such marked effect, 'The blood of animals
poisoned with Crotalus venom is usually thin and dark; the clots form slowly, and
are very soft and easily broken up.

Some direct studies were made to test more accurately this interesting property
of the Crotalus venom, and it was thus observed that it is not peculiar to the
poison of this genus, but is also a characteristic of the Moceasin,  Several of these
observations which were made with the venom of the Crotalus adamanicus we
record in detail.

Faeperiment.—Five test-tubes were used :(—

No. 1 empty.

No. 2 contained § grain dried venom dissolved in 0.5 e, c. distilled water.

Wo. 3 i t i i in 1.0 = e e
No. 4 i % 3 “ i i 1.0 = 4% "
No. 3 5 2 drops glyeerine solution of venom, equal parts.

These test-tubes were packed in snow, to retard coagulation and to give the venom
a better opportunity to act, the tubes remaining in this condition for about half an
hour. The main artery in the leg of a large ctherized rooster was exposed, and a
canula placed in it. The blood was allowed to flow into the tubes in the order
of their numbers, the tubes being gently shaken to mix the venom and blood. The
operation began at 3:55 and ended at 4:00 p.m. At 435 the tubes were ex-
amined. The blood in No. 1, which contained no venom, was firmly clotted, in all
the others the blood was fluid. At 4:55 the test-tubes were all taken from the
snow. Blood in No. 1 was firmly clotted and of a bright-red color; blood in Nos.
2, 3, and 4 was fluid and venous in appearance ; blood in No. 5 was fluid and
of a brighter red than No. 1. The tubes were then corked with raw cotton and
set aside.

Twenty-four hours later blood in No. 1 was firmly clotted, in Nos. 2 and 3 tarry,
in No. 4 tarry, but thinner than in Nos. 2 and 3, in No. 5 perfectly fluid; in the
lower half of thetube was a mass of corpuseles, while the upper half had the appear-
ance of pure serum,

Forty-eight honrs—no appreciable alteration.
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Seventy-two hours—no appreciable alteration; the blood in tube No. 1 had no
unpleasant odor, but all the rest gave decided odors of putrefaction, and were very
dark.

Comparative observations were also made at the same time with different venoms,
using as before a fowl to furnish us the blood and the snow pack to retard coagu-
lation.

In test-tube No. 1 was placed L grain dried Moccasin venom in 1 e. e. distilled
wiater,

In test-tube No. 2 was placed 1 grain dried Moceasin venom boiled and filtered
through clay.

In test-tube No. 3 was placed L grain of dried Crotalus venom in 1 e. e. distilled
water,

In test-tube No. 4 was placed } grain of dried Crotalus venom in 1 c. e. distilled
water, heated gradually to 70° C.

In test-tube No. 5 was placed 4 grain dried Cobra venom in 1 c. c. distilled water.

In test-tube No. 6 was placed } grain dried Cobra venom in 1 e. c. distilled water,
boiled and filtered through a clay filter.

In test-tube No. 7 nothing was placed but the pure blood.

Into each of the test-tubes about 10 c. ¢. of blood was allowed to flow; at the
end of 15 minutes the blood in Nos, 2, 5, 6, and T was clotted firmly, and the blood
in Nos. 1, 3, and 4 was perfectly fluid. After one hour and a quarter the blood
in No. 1 was clotted in a quite remarkable clot, which was exceedingly elastic—the
clot when picked up and suspended drew out into a long worm-like thread, and
could then be further pulled out to at least double its length, resuming its natural
size when placed upon the table. 'The blood in No. 3 had some very soft clots,
In No. 4, the blood was clotted soft.

On the second day all of the bloods were firmly clotted except Nos. 1, 3, and 4,
which were perfectly fluid and had a putrefactive odor, which was absent in the
others,  On the third day these bloods were clotted and had some dark serum,
but the pure blood was clotted firmly and perfectly dry on the surface.

From these observations it seems clear that the Cobra venom exerts no appreciable
effect on the coagulability of the blood of a chicken when thus circumstanced, and
that Crotalus and Moccasin venoms act powerfully, Moreover, that the effect of
the Crotalus venom is the more efficient, and that if the solutions of venom have
been subjected to a degree of heat sufficient to coagulate the venom-globulins,
the effect is lessened very greatly. It thus appears that the principle affecting
the coagulability of the blood is most largely the globulin,

It would seem therefore that venom-peptone, although not without power to
lessen the coagulability of blood, has not the full efficiency of the globulins,
Neither can it be said as to this capacity, that the small percentage of Cobra
globulin has even relatively the anti-clotting capacity of the globulins of Crotalus,

These differences between Cobra and Crotalus show themselves strikingly in the
slighter local disorders caused by the Indian serpent.

The singular formation of an elastic clot was observed in other cases. Tt ap-
peared to be a temporary condition, and to be in a measure due to the great increase
in the adhesiveness of the blood corpuscles.
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Mim“mmpimi l'.:'.fuﬂq}iﬂ i the Varions Tissues rg,il" the Ef_.-rfy _,r".l'm.u the ﬁwh‘f.ﬂ f{_ﬂ" e
Venom of Crotalus.

Liffects of Fresh Venom wpon the Blood Corpuscles—A series of experiments
were made to study the direct as well as the remote effects of the venom upon the
blood corpuscles. The result of these observations was the discovery of some
changes which have not been heretofore fully described.

A drop of blood from man or any mammal treated with a minute quantity of
fresh venom, presented the following appearances under the microscope: Upon
the white blood corpuscles, the venom did not appear to have any other effect than
to stop the amaeboid motion, which in presence of venom could not be kept up,
even by the use of the warm stage. The cells appeared somewhat larger than
usnal and also more granunlar. The red blood corpuseles appeared wnchanged
when observed, but for a moment, and superficially, yvet prolonged and eareful
study revealed very remarkable alterationis. The alterations in the red blood cor-
puscles are essentially these :—

The blood disks lose their biconeavity and assume a spherical form, but without
parting with their coloring matter. They exhibit also great adhesiveness, arrang-
ing themselves into various sized and shaped aggregations.  The corpuseles com-
prising these groups sometimes appear to fuse so that their outlines cammot be
determined, even by high amplification. In addition the corpuseles seem to soften
and acquire a peculiar ductility and capacity to be stretched without fracture. By
inclining the stage of the microscope, or making gentle pressure upon the cover-
glass, allowing thereby the liquid to flow, the red blood corpuscles may be seen to
clongate themselves into spindle-shaped or even into fine thread-like  bodies,
(Figs. 1 and 2, Plate 111, and Plate IV.) Such masses of corpuscles appear to act
like colloid material,

One drop of human blood was mingled with one of fresh snake venom by the
application of the cover-glass. The three fields photographed were found in the
zones of contact between the blood and venom ; they oceurred within a small arvea
almost adjacent. Fields 1, 2, and 3, Plate 1V, were photographed respectively
within 15, 30, and 40 minutes after the first application of the venom to the
blood. As the masses of corpuscles were slowly changing form and position, the
exposure was, necessarily, but for a part of a second. The lens employed was
Speneer {5 immersion, giving 400 diam. with the low power eve-piece.

This remarkable condition seems, however, to be only temporary, and in fact
often escapes observation. After a short time, which m about 100 observations
was found to vary from a few seconds to a quarter of an hour, the apparently
homogeneous blood-cell masses break up anew into individual corpuscles, which
then continue isolated or in bead-like rows, but remain spheroidal, i e, do not
regain their biconeal shape.

Those corpuscles which arrange themselves in rows present an appearance strik-
ingly different from the ordinary rouleaux arrangement of normal blood-disks, an
appearance which may better be designated as “beaded,” because the corpuscles
are here spheroidal and not disk-like.
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],iii“lﬂlﬂ i ;L'm'r:l] 'l.':li'iu'll'ii}' mmlii'_\' the Ei]lillll'! of the red lllﬂﬁﬂ-{lisks. but. nn
liquid or reagent tried in control experiments produces the effects deseribed
above,

Watery solutions of dried venom did not exhibit the immediate influence upon
the red blood corpuscles as well as the fresh venom, although the corpuscles very
promptly beeame spheroidal as they do from most watery liguids; but did not lose
the coloring matter as when exposed to pure water without venom,

The blood of birds, upon being mixed with venom, does not show the above
deseribed changes in as striking a manner as mammalian blood. 'The nuclei of
the oval corpuscles of the pigeon appear, however, to undergo a rapid necrotie
change which finally gives rise to a granular albuminoid material to be seen
floating in large quantities between the corpuscles,

A number of experiments were made to study the changes in the corpuscles of
the living animal.  Fresh venom or solutions of dry Crotalus venom were injected
hypodermatically, and then the blood taken at intervals from the loeal lesion as
well as from the general cireulating fluid and examined under the microscope,

The blood taken from local lesions presented quite often alterations in the cor-
puscles similar to those observed in a direct mixture of blood and venom under the
microscope, as deseribed above, It was not possible, however, to trace all the
maodifications of the red blood corpuscles in specimens of the eirculating blood ;
only one change being constant, viz., the spheroidal transformation of the blood
disks. The red blood corpuscle retained the acquired spherical shape after the
death of the animal,'

All the experiments made in order to study the ultimate changes in the blood-
corpuscles gave nearly similar results varying slightly in degree with the quantity
of the venom and the animal employed. The record of one observation will suffice
for all.

Frperiment.—Young cat. Injected at 2 p.u, 3 m. m. fresh Crotalus venom in
left thigh. Hair of part being previously clipped away.

2 minutes later.  Animal well.  Blood microscopically examined. Local lesion ;
blood-disks assuming spherical-shape.  Blood from auricular artery showed ne
changes in the blood-disks.

5 minuntes later. Animal well. Loeal lesion : blood-disks all spherical showing
also gelatinoid behavior and duetility on pressure.  Auricular artery, blood-disks
normal.

5 minutes later. Animal restless. Local lesion shows only spherical shape of
red blood-disks.  Auricular artery also shows partial change of red blood-disks to
spherical shape.

12 minutes later. Animal ill. Blood of local lesion as well as blood taken from
Jugular vein shows same changes as when last examined.

! Errors in distingnizhing the spheroidal shape of the red blood-corpuseles from the round liape
which the normal disk-like corpuseles exhibit when viewed in & eertain position are eazily eliminated
when the blood is brought into current by gentle pressure apon the eover-glags, or by inelining the

stage of the mwicroscope.  The disks assuming spheroidal shape are decidedly reduced in diameter
and appear smaller.
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20 minutes later.  Animal guite ill,  Red blood-disks all spheroidal when exam-
ined in the local lesion and in several other parts of the body,

25 minutes later.  Animal dead.

30 minutes later. Blood examined from heart. All the red Dblood-disks
spherical.

24 hours later.  The dead animal being kept in a cool place. Red blood-disks
all spherical and many disintegrated.

‘The blood, in sections of tissues from animals poisoned with venom, also presents
decided alterations.  The corpuscles in tissues hardened with preserving fluid are
seldom seen intact, When, however, the parts in question are placed in preser-
vative fluid immediately after the death of the animal the spheroidal (altered) red
blood corpuscles may be distinguished ; and still more likely are they to be intact
it the animal was killed before the venom had asserted its fatal effect,

The corpuscles as a rule appear disintegrated in animals dead from slow Crotalus
venom poisoning, and present themselves as a granular débris of a yellowish or durk
brown color. ‘I'he tissne elements of the part into which the venom had been
divectly mjected are as a rule profusely saturated with the coloring matter of the
blood. The miecroscope further reveals blood ecrystals and numerous bacteria
between and within the tissue elements. This indicates the profound altera-
tion which takes place in the blood in venom poisoning, and accounts for the
Llack appearance and the rapid putrefactive changes which are seen in the local
lesion.,

“Quite recently Lacerda, in leetures' on snake poisons, speaks of alterations of
the blood, which differ much from those observed by us. e does not state the
serpent venom employed. It was presumably from the Bothrops wrntu, Lacer.
In slow poisoning, he says, the blood globules become indented like a toothed
wheel. Some are elongated, deformed, or broken up; others present shining points
and then break up into minute {ragments. Some undergo a change of tint to
chesnut brown, others become entirely discolored.

“The consequences of mixing pure blood and pure venom, he says, are these:
The red blood-globules unite in mass, adhere one to the other and begin thereon
to lose their normal forms. In a few minutes the dissolution is complete.  There
remains only an amorphous protoplasmic matter, semi-liquid, diffiuent, of a uni-
form yellow color, with well-marked red striations.  After some minutes the hema-
tine or coloring matter quite disintegrated is seen under the form of granular
substance of a deep vermillion red. Whilst the globules thus break up bubbles of
zas rise here and there.”

We have quoted this account nearly in full to point out that it deseribes a
sequence of appearances very unlike those which we have delineated.

Effects of the Venom vpon certain Tissues.—Direct observations were further made
as to the effects of venoms upon the various solid tissues, such as the bloodvessel
walls; muscular tissue, unstriated and striated; nervous tissue (brain and medulla

! Legons sure le Venin des Serpentes du Brésil, ete.  J. 1. De Lacerda, pp. 87-83. Rio de
Janeciro, 1554,
1% June, 1880
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oblongata) ; lungs, liver, skin, mucous membranes, the cornea, spermatozoa and
ciliated epithelium, and most extensively upon the mesentery and other serous
membranes.

If fresh venom be injected into any organ or applicd to any internal part of the
body, one of the chief effects is, as Dr. Weir Mitchell showed twenty-two years ago,
the production of minute hemorrhages.

The studies reported here thoroughly confirm Dr. Mitchell's observations,
Above all, it was further evident that, as a general rule, it was erevywhere the
parenchymatons elements of the organ or parts that wndencent necrotic changes
(wehich will be described below), while the interstitiol elements of organs or tissues
acted wpon by the venom, vemained wsually unaffected, or were merely wnfiltrated with
hfu'u-f,‘ ar with the ffr'.-r;.'m'_ip‘fih'rf }H'ﬂfiri"'f-* ":.F'L fl o,

Effects of Venom upon Bloodvessel Walls.—If fresh venom be applied to a vascular
tissue and watched under the mieroscope, no effect upon any of the larger blood-
vessels is perceptible. It appears that the venom even after prolonged contact has
no visible influence upon the smooth muscular tissue constituting the middle coat
of arteries and veins, The adventitia of such vessels also offer considerable
resistance, although the vasa vasornm become extremely congested,  Even small
arterioles and venules are unaffected,

The eapillary bloodvessels, however, having a mere endothelial wall surrounded
by a delicate adventitia show a decided change upon the application of venom.
The endothelium constituting the capillary wall becomes clondy and looks as if
ronghened and displaced, and thongh no actual rupture of the vessel is demon-
strable to the eye a diapedesis of blood-corpuseles and a leakage of serum oceurs,
and this process is sometimes amazingly rapid.  As will be deseribed later with
more details, the following are the essential points in the action of the venom upon
its direet application to a vascular membrane viewed under the microscope. The
blood eurrent appears at first to be accelerated, and the eolor of the blood becomes
darker. Then in a few moments while the circulation still continues in the veins
and arteries, in many of the capillaries stagnation oceurs,  From these latter vessels,
and apparently only from them, the blood oozes, first forming pin-point ccchymoses
which gradually increase, and which by fusion give rise at last to a general hemor-
rhagic infiltration of the neighboring tissues.

Changes in the Striped Muscular Tissues.—Venom directly applied to living
striped muscular tissue produces changes which become apparent immediately after
the death of the animal. 'The ultimate museular fibrille readily break up into their
sarcons elements, these becoming easily separable in transverse layers, the so-called
Bowman’s disks. A granular change' of the elements, not however uniform in
character and distribution, is quite conspicuous, (Fig. 3.) It should be noted that
all these changes ocenr without the addition of any other reagent than venom and
become conspicuous when the poisoned tissue is teased out in water,

The alterations just referred to are most manifest in museular fibres near or
around which the capillaries are affected by the venom, localities apt to be marked

! Figured by Dir. Mitchell, in bis first essay.
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by the presence of extravasated blood. ‘The changes described are not uniform,
even in an individually affected fibre, but are bounded by small abrupt layers of

Fig. 3.

normal sarcons elements, the whole being snrrounded by an unaffected sarco-
lemma. The latter, which is beautifully demonstrated on such oceasions, shows
constrictions in those places where the sarcous elements are disintegrated. (See
Figs. 3 and 4.)

Fig. 4.

All museular fibres of the part where the poison was injected are more or less
granular, and are often stained by hematine  The granular material between the
fibres has very much the appearance of micrococei, but by appropriate tests only a
small proportion of the granules can be identified as bacteria. The remaining
granular matter can be identified as particles of necrosed sarcous elements, dis-
integrated blood, and granular substances which have been described as constituents
of the fresh venom and introduced from without. These granular muscle changes
gceur only in or near the wound, and not also in remote muscles.  They demand
for their production a certain length of time, and are most decided in cases of long
survival.

Changes in the Lungs—As has been seen from the table of experiments, the
injection of venom into the lungs was followed by nearly instantancous death,
The local lesion was an hemorrhagic infarction throughout the whole of the paren-
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chyma, filling also all of the air vesicles, There were extensive sub-plenral ecchy-
moses, both parietal and visceral, as well as sub-pericardial ecchymoses,  Under the
microscope with high amplication scetions of the lung tissue showed a peculiar
clogging, fusion, and ductility of the red blood-corpuscles not unlike that which
follows the application of fresh venom to the blood.

This appearance is, however, not uniform, as in many places the corpuscles are
merely spheroidal, or have undergone a granular disintegration. The bloodvessels
are all highly congested, the air vesicles seem to be distended by extravasated blood.
The microcoeei introduced with the venom appear to have rapidly multiplied,
numerous masses being seen in the air vesicles and in the more necrosed parts of
the lung tissue,  In general the tissue is deeply stained by the coloring matter of
the blood.

Brain and Medulla Oblongata, —If a minote quantity of venom was suecessfully
injected directly into the cranial cavity of a pigeon, the animal fell immediately and
expired in a few minutes, The pia mater was pre¢minently the seat of hemor-
rimges, and blood was also seen to fill the peri-vascular spaces of many of the cere-
bral vessels.  The cercbral tissue, and particularly the nerve elements, showed a
granular change analogous to that observed in museular tissue, and similar appear-
ances were noted from the effeets of the venom upon the medulla oblongata and
spinal cord.  Where animals were poisoned by introducing the venom subeuta-
neously into some other part of the body, minute capillury hemorrhages were
also observed in the membranes of the brain, and in two instances ecchymoses
were noted in the substance of the medulla oblongata, although as a rule only
intense congestion of its vessels was seen. The bloodvessels were so much
distended with blood as to be double or even triple their normal calibre, fully
obliterating the perivascular spaces and unguestionably exerting much pressure
upon the surrounding nerve elements,

Effects of the Venom when applied to Uningnred Mucous Membranes, and wpon the
Cornea,

The following experiments were made :—

Expeviment.— Adult albine rabbit, etherized. A drop of an aqueons solution of
the dried venom Crofalus adamantens was dropped on the comea and conjunctiva
of the left eye. In a few minutes the conjunctiva beecame cechymosed and oede-
matous to such an extent as to close the evelids.  Animal died in five hours.  After
death the conjunctiva and eyelids were seen to be soaked with extravasated blood,
while the comea remained perfectly transparent and colorless, showing no trace of
inflammatory change when removed and examined under the microscope,

Post-mortem examination showed extensive sub-pleural, sub-peritoneal, and slight
subarachnoid ecchymoses,

Erperiment.—Young kitten, etherized. A drop of fresh venom was placed on
the cornea.  Results, similar to those of foregoing experiments, the comea remain-
ing transparent, but exhibiting a certain ronghness upon the surface, which under
the microscope proved to be due to slight desquamation of the epithelium.
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Experiment.—Young kitten, ctherized. Abdominal cavity and stomach opened
and fresh venom applied to surfuce of mucous membrane, Specimen watched for
half an hour failed to reveal any decided visible changes, beyond a slight corruga-
tion and congestion. No ecchymoses.

The Effect of Crotalus Venom wpon Ciliary Motion.—Fresh venom applied to
ciliated epithelium taken from the edge of the tunic of a fresh oyster scemed to
exert no effect upon ciliary motion, The specimen was watched and compared
with the control experiment side by side. The cilie still kept up their movement
at the end of three hours in both specimens.

Fresh venom was applied to ciliated epithelium taken from the pharynx of a live
frog. 'The specimen was carefully observed and compared with similar preparations
in which venom was not used, In the lattér the ciliary motion, as a rule, kept up
longer. Yet after one hour specimens treated with venom continued to exhibit
motion though less vigorous than in the control specimens,

The Effect of Venom upon Spermatozoa,—Fresh venom applied to spermatozoa
taken from a live rabbit seemed to exert a decided influence, Specimens treated with
the venom were examined side by side with control specimens, and while in the
presence of venom the spermatozoa ceased to exhibit their - peculiar movements in
from one-quarter to three-quarters of an hour, unpoisoned spermatie particles con-
tinued to move for many hours, The venom did not appear to produce any changes
in the substance or the bodies of the individual spermatozos.!

Fle Mechanism of the Hemorrlages as Observed in Venom Poisoning.

In order to study the mechanism of the hemorrhages Dr. Mitchell’s original ob-
servations were repeated as follows 1 —

The animals used were cats, rabbits, pizeons, white rats, and frogs. The frogs
do not give satisfactory results as they withstund the effects very strenuously and
if peritoneal hemorrhages occur at all they are very scanty. The most satisfactory
observations were obtained when cats were employed, as these animals lived longest
after the application of the venom, the latter also acting more slowly, thus permit-
ting satisfactory study of the effects under the microscope.

Anzsthetics were always used. Ether was found to give the best results,
Chloral appeared to retard the effects of the venom. While in an etherized
animal peritoneal hemorrhages appeared at once upon the application of the
venom, in a chloralized animal they oceurred much later, and sometimes failed
to appear,

A few drops, three to six, of a saturated solution of chloral hydrate were usually
suflicient to an®sthetize a small kitten or rabbit, two drops for a white rat, one drop
for a mouse. It was administered hypodermatically. In administering ether the
animal was placed under a bell-glass, with a sponge kept saturated with the agent
until the animal was rendered powerless,

In experiments upon the mesentery to be examined under the microscope, the

' The obzervations were made under an amplification of one thonzand dismeters,
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animal was placed on its right side upon a thin oblong wooden board.  On one
side of the board near the middle was cut a trinngular opening, cach side being
about one inch in length,. An incision was then made in the median line through
the abdominal integuments, sufficiently large to allow a loop of the intestine to be
extracted.  Care was taken that pressure should not interfere with the circulation.
The IU‘UP ht'il'lﬂ drawn out, it was stretched over the hole in the board above l'.ll-.':it‘l‘ihﬁ‘:l.],
and kept in position by means of pins.

The venom was applied to the uninjured surface of the mesentery. A saturated
aqueons solution of the dried venom was most commonly used.  The moist chamber
was not required, as the experiments were of short duration. The warm stage
scemed only to hasten the process and otherwise was observed to have no special
influence, being rather disadvantageous.

Ewperiment 1.— A young kitten was sceured by means of ether as above described,
and placed upon the microscopic stage. A few drops of an aqueous solution of the
venom were allowed to flow over the mesentery.  The part being carefully watched
with the nuked eye, it was noticed that after one minute tiny hemorrhagic points
made their appearance here and there, all over that part of the mesentery which
was under the direet influence of the venom.  These hemorrhages inereased rapidly
in size, and in a few mnutes the whole surface beeame the seat of one diffused
hemorrhagic infiltration.  (Plate 111, Figs. 3, 4, 5, 6, 7.)

Experiment 2.—Young white rat.  Ether.  Aqueous solution of venom applied -
as before to the mesentery.  The loop of the mesentery acted nupon was quickly
cut out by means of scissors after the lapse of one minute and subjected to drying.
A beautiful preparation was thus obtained, in which the minute hemorrhages were
permanently fixed by drying, preserving their natural appearance.'

Faperiment 3, —Young kitten. Chloral. Mesentery spread upon microscopical
stage.  An aqueous solution of dried venom applied in the same manner as above,
In this ease the hemorrhages did not appear so promptly and were not so rapid in
their development, Nearly five minutes elapsed before they began to form,

Frperiment 4.—Young white rat.  Chloral.  Venom applied as in preceding
experiments ; there seemed to be delay in the appearances and development of the
II('I“ﬂTl’II:lg{."E.

Further enumeration of this class of observation is unnecessary, as more than
forty experiments exhibited the characteristic hemorrhages, except in the case of
froes. Five of the latter were used.

It was noted that ehloral always retarded the production of hemorrhages, at
least they did not appear as rapidly as when ether was used.

Mivvoscopical Details—It being necessary to study the exact location of the
hemorrhages and the mode of the escape of blood, the following maodifications of
methods were adopted in repetition of the older experiments of Dr. Mitchell.

! After much experimentation this method of preparing permanent specimens was found to be the
only available one, Specimens of mesentery mounted in any kind of liquid véry soon lose their
proper appearance, as the hemorrhagic specks in the membrane gradually vanish, or get blurred from
the ¢feetz of the preserving Anid,
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Erperiment 5. —Cat.  Ether. Mesentery exposed and placed on the stage of
the microscope. The aqueous solution of venom was applied, and the experiment
watched under a magnifying power of 60 diameters, In thirty seconds minute
hemorrhagic points were noticed as in all the previous experiments first along
the sides of the smallest capillaries. It was also observed that the hemor-
rhages occurred first in those small capillaries which were in the neighborhood of
larger vessels. In vascular plexuses which started from the greater arteries the
hemorrhages appeared much sooner than in those which took their departure
from smaller arterioles. In each case, however, it was only the capillaries from
which the hemorrhages proceeded, the arteries and veins remaining intact.  The
hemorrhages being seen to proceed from eapillaries in the vicinity and along the
route of larger vessels, one may erroncously get the impression that it is the latter
from which the bleeding arises. No actual breech of continuity in the capillaries
was observed, and it appeared as though the bloed filtered through. the walls of
these minute channels,

Fapeviment 6.—Kitten, Ether. Mesentery exposed in the usnal manner. The
mesenteric vessels, both the main artery and the veins, were ligated near the root of
the mesenteric attachments. A salt solution stained by aniline blue was injected
into the vein. The venom was applied, and the field closely watched under the
microscope.  No extravasation of the injected solution or of blood could be observed.

Ezperiment T.—Kitten. Ether. Vessels ligated and salt solution with aniline
mmjected as in previous experiment. Applied aqueous solution of the dry venom.
No extravasation of the colored liguid or blood observed,

Experiment 8.—Kitten. Animal secured as before, but no salt solution injected.
Mesenterie veins and the artery ligated near root of mesentery.  Solution of dried
venom applied. Hemorrhage as usual, but slow and scanty.

FErperiment 9. —Kitten. Ether. Animal fixed as in last experiment upon
microscopical stage.  Fresh venom applied and watched for one-half hour.  Hemor-
rhages were seen to develop more slowly.

Ezperiment 10.—Kitten, Ether. Mesenteric vein and artery ligated as in pre-
ceding experiments.  Fresh venom applied as before, and a marked delay in de-
velopment of hemorrhages again observed.

FEaperiment 11.—Kitten. Ether. Mesenteric vessels tied not only at the root
of the mesentery, but also peripherally at the convex portion of the loop, thus
almost entirely cutting off the circulation. Fresh venom applied. Hemorrhages
were scarcely appreciable with the naked eye.

Erperiment 12.—Kitten,  Ether. Mesenteric vessels tied at both root and peri-
phery of mesentery. Venom applied immediately. Hemorrhage hardly perceptible.

The above experiments were subsequently repeated, especially those in reference
to the effects of the venom upon bloodvessels when blood had been substituted
by a 0.75 per cent. saline solution. These experiments, however, gave the same
results as those just deseribed, and hence it is unnecessary to occupy space in multi-*
plying similar records.  Yet some studies in the same divection have been left
undone, It might be desirable to elaborate the methods of experimentation, e. g.,
by application of artificial blood pressure, ete. In all the experiments above quoted,
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exeept in experiments 6 and 7 (where the blood was substituted by another liquid),
the peeuliar extravasations of blood followed the application of the venom,
When the mesenterie vessels were ticd as in experiments 8, 9, and 10, there was
a delay in the appearance of the hemorthages.  When the vessels were tied in two
places, as in experiments 11 and 12, so as to et off the circulation in a gﬁit
measure, the hemorrhages appeared hardly appreciable to the naked eye, And as
we have seen above, there was no extravasation at all when the blood was nﬁ]n'ﬁ-r :
tuted by an artificial liquid, as in experiments 6 and 7. s
Therefore, the hemorrhages become less marked in proportion to ﬁamkr_&rm
with the cireulation of the blood in the part. '
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CHAPTER XI.
GENERAL COXSIDERATIONS.

It seems desirable at the close of a research such as we here record to offer a
few brief and general eonsiderations in connection with some of the methods and
plans pursued in parts of the work, to group some of the conclusions, and to bring
together deductions which are necessarily scattered. A summary is also desirable
that we may set forth succinctly the essential actions of venom so as to make clear
the important differences in the toxie influences of globulins and peptones, to facili-
tate the application of what we have learned to the treatment of snake bite, and to
indicate new lines of research in the most promising directions.

Our discovery of the existence of two distinet classes of poisons in venoms, that
both are doubtlessly represented in all venoms, only differing in relative propor-
tions and slightly in chemical and physiological properties, that they possess
activities akin but yet readily distinguished, and that they are proteids and closely
related to principles normally existing in mammalian blood, seems to us as of
grave importance. Our methods, however, for the separation of the poisonous
substances in venoms are open to improvement, because the processes are slow,
and since possibly one of the poisons at least is injured. It does not seem from
the vesults of our physiological studies with these poisons that any of them exeept-
ing the copper-venom-globulin have suffered, but that this has been affected seems
probable from its altered solubility, its comparatively low toxic power, and its
lph}‘siologi(;a] peculiarities compared with the other globulins. Doubtless the
ordinary methods for the separation of the globulins from other proteids in solu-
tion could be used to advantage, but how far successful they may prove in isolating
the globulins from each other ean only be determined by extended and eareful
investigation.

The plan we adopted in studying venoms and their active prineiples on the
arterial pressure, pulse, and respiration is probably open to much eriticism, but any
other course seemed unavoidable,  Instead of studying all venoms together as
though they were absolutely identical compounds, although from different sources,
and each of the active elements, as for instance the peptones, together as identical,
it would doubtless have been preferable to have made a detailed investigation of
each venom, and of each of the active principles of that specimen.  But this course
could not have been pursued satisfactorily because of the meagre supply of poison,
It was then simply a question as to whether we would take a very limited number
of experiments with each venom and each of its active principles, and base conclu-
sions thereon, or study the actions of all pure venoms together, of all the water-

20 June, 1854,
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venom-globuling together, ete., and then form our conclusions, The latter course
scemed preferable @ first, beeause of the similarity in the actions of all pure venoms
and of the ready interpretation of any differences, and of the resemblance in the
actions of members of each of the classes of poisons; second, because in some of
the actions such diverse factors are at work as to ;:i.'.'n npp:lr{*ntl}' i:!nmnuii.:-[nr}'
results, so that conclusions founded upon a very limited number of experiments
would likely be more misleading than in the plan we adopted.

We summarize the following important points, deduced chiefly from our studies
of Crotalus venom, to which are added a few comments :—

1. Venoms bear in some respects a strong resemblance to the saliva of other
vertebrates,

2. The active principles of venom are contained in its liguid parts only. The
solid constituents, such as we observed suspended in the poison, consist of epithe-
linm cells, some minute rod-like animal organisms and micrococei, ete., which,
when separated from the liguid fresh venom by means of filtration and well washed
by water are harmless.  Micrococei are constantly present in fresh venom, but have
nothing to do with its virulence.

3. Venoms may be dried and preserved indefinitely in this condition with but
very slight impairment of their toxicity. In solution in glycerine they will also
probably keep for any length of time.

4. There probably exist in all venoms representatives of two classes of proteids,
globuling and peptones, which constitute their toxic elements; the former may be
represented by ene or more distinet prineiples.

5. When venom is taken into the stomach in the intervals of digestion, enongh
of the poison may be absorbed to produce death, especially in the case of those
venoms which contain a larger proportion of the more dialysable peptone; but
during active digestion the venom undergoes alteration and is rendered harmless.

6i. Potassic permanganate, ferrie chloride in the form of the liquor or tincture,
and tincture of iodine seem to be the most active and promising of the generally
available loeal antidotes.

7. Venom exerts a powerful loeal effect wpon the living tissues, and induces
more rapid neerotic changes than any known organie substance. It causes wdema,
swelling, attended with darkening of the parts by infiltration of incoagulable blood,
breaking down of the tissues, putrefaction, and slonghing.

8. It renders the blood incoagulable.

9. When brought in contact with a vascular tissue of a warm-blooded animal
it produces such a change in the capillary bloodvessels that their walls are unable
to resist the normal blood pressure, thus allowing the blood-corpuscles to escape
into the tissues. These lesions are, however, not analogous to those of inflamma-
tion, since in the latter process it is principally the white blood-corpuscles which
emigrate from the vessels, and the blood is highly coagulable, while here the blood
exudes en masse and coagulates with difficulty, if at all. Free access of air
(probably of oxygen) appears to lessen the virulent effects. The mesentery exposed
to air, and on which the venom is merely brushed, endures the venom longer and
in much larger quantity than when the poison is injected into the unopened and
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uninjured peritoneal cavity, or when direetly thrown into the blood, There may
be here also a question of temperature and other conditions,

The following facts as elicited in these investigations seem to be sufficient to
explain the mechanism of the hemorrhages: the blood pressure has been shown
to play a most important part; a watery salt solution substituted for the blood does
not extravasate, hence, blood seems to be necessary; there always occur molecular
changes in the bloodvessel walls from the effect of venom. That bload pressure is an
important factor has been established by the observation that the hemorrhages as a
rule occur first in the capillaries which are immediately next to or nearest the large
bloodvessels. The hemorrhages take place soonest where the force of the bload
current is first felt and cannot be sufficiently resisted, and in no case do hemor-
rhages seem to originate from vessels with strong walls like the arterioles or veins,
Cutting off the circulation of a part, as, for instance, by ligation of the vessels of
the mesentery, destroys the blood pressure, and, as a consequence, the hemorrhages
are so slight as scarcely to be seen by the naked eye though venom was freely
applied. Finally, the colloid, softened, diffluent condition of the red corpuscles
must inevitably facilitate extravasations. It is impossible to have seen numerous
cases of venom poisoning without neting a variety of symptoms often abrupt or
unexpected. These often ave due, as Dr, Mitchell long since pointed out, to acci-
dental hemorrhages into brain, Kidney, and heart tissues. They explain much
which might otherwise seem inscrutable, and serve sometimes to give a marked
individuality of symptoms to cases which survive long.

1. Among the most remarkable effects of venom is that upon the red blood-
corpuscles. These bodies undergo substantial modifications, i. e., they lose their
bi-concave shape, become spherical and softened, and fuse together into irregular
masses acting like soft elastic colloid material.  This jelly-like condition of the
corpuseles is no doubt doubly important: in connection with the extravasation of
the blood, and in its probable interference with the normal respiratory functions of
the blood-cells. .

11. The direct action of venom upon the nervous system save as concerns the
paralysis of the respiratory centres is of but little importance.

12. The alterations in the pulse-rate are dependent chiefly upon two antagonistic
factors which are active at the same time, the one tending to increase the rate and
the other to diminish it. The former is found in the increased activity of the
accelerator centres and the other in a direct action on the heart.,  When we have the
action on the accelerator centres removed by isolation of the heart from any centrie
influence we almost invariably find a diminution of the heart beats.  Occasionally
after this operation the pulsations are inereased, but this alteration is attended, as
in the case of the diminution of the pulse, by feeble heart beats, and accordingly
is but a manifestation in another way of a depressed condition of the heart.

13. The variations in arterial pressure are due chiefly to three eanses, depression
of the vaso-motor eentres, depression of the heart, and irritation and consequent
constriction or blocking up of the eapillaries. It seems not improbable that all of
these are consentaneounsly active, and it therefore follows that such alterations are de-
pendent upon the relative degree of power exerted by any one of these fuctors.  Our
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results indicate that the profound primary fall of arterial pressure is chiefly due to
depression of the vaso-motor centres and is in part cardiae, that the subsequent
recovery is capillary, while the finul fall is cardiac, The initial fall does not con-
tinue, beeause the constriction of the capillaries is, for a time at least, eapable of
compensating the depressed action of the central organ of circulation.

14. The respirations are primarily increased and secondarily diminished, Here
agnin we have two antagonistic factors at work together, one tending to increase
and the other to diminish the rate. The former is an irritation of the peripheries
of the vagi nerves and the latter a depression of the respiratory centres ; whether we
have an increase followed by a decrease or a decrease from the first will depend
upon the relative intensity of the action of the venom on these two parts.  When
the action of the venom is sufficient to profoundly depress the centres the excitation
of the peripheries may prove futile,

15. Death in venom-poisoning may occur throngh paralysis of the respiratory
centres, paralysis of the heart, hemorrhages in the medulla, or possibly through the
inability of the profoundly altered red corpuseles to perform their functions, There
can be no question, however, that the respiratory centres are the parts of the system
most vulnerable to venom, and that death is commonly due to their paralysis.

A general survey of the chief physiological actions of venoms leads us to believe
that the most important effects are upon the respiratory and cireulatory appara-
tuses, and that in the production of these results antagonistic factors are at
work so that we sometimes have observations which seem directly contradictory.
When it is remembered that there are two classes of poisons in venoms, that each
class possesses certain distinguishing physical, chemical, and physiologieal differ-
ences, although elosely related, it is easy to conceive of the cause of the existence
of antagonistic actions and the necessarily varying results.

A comparative study of the actions of the globulins and peptones indicates that
the globulins produce swelling and blackening of the parts by infiltration of incoagu-
lable blood ; they ave the more potent in producing ecchymoses, in destroying the
congulability of the blood, in modifying the red-corpuseles, and in the production
of molecular changes in the eapillary walls ; their action on the accelerator centres of
the heart is more notable than that of the peptone, hence they are more active in
cansing the increased pulse-rate; they exert, too, a more marked action on the vaso-
motor centres in producing the primary fall of pressure and are the greater depres-
sants of the heart; they also act more powerfully upon the respiratory centres to
paralyze them. 'The peptones are more active in the production of edema, in the
breaking down of the tissues, in the production of putrefaction and slonghing ; they
have little power to produce ecchymoses, to prevent coagulation or modify the eap-
illary walls or the blood-corpuscles ; they have less tendency to accelerate the pulse ;
they tend to increase the blood-pressure by irritating the capillaries, and are the prin-
cipal factor in exciting the peripheries of the vagi nerves in the production of the
increased respiration-rate,

A knowledge of these peculiarities in the actions of globuiing and peptones coupled
with the fact that the two classes exist in different proportions in the various
species of venoms is of great importance in explaining the diverse pathologieal
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appearances in eases of poisoning in different kinds of snake-bite—and suggests
immediately the eause of the frightful loeal changes which are scen after the bite
of the Crotalida but scarcely at all in Cobra-poisoning. It must not, however, be
supposed that the peptones or globulins for instance are absolutely identical physio-
logically in every venom, as they are probably modified physiologically as well as
chemically, although we do not doubt that on the whole the type of action 1s
carried throughout all species, Cobra venom does not produce the marked lesions
of Crotalus-poisoning because it is so lacking in globulins; it is weak in the pro-
duction of the local swelling and blackening of the parts, of the ecchymoses, of the
altered corpuscles and of the non-coagulability of the blood, but the effects of Cobra
venom are closely in accord with the actions peculiar to peptones.  The peptone of
Cobra seems to have a more decided power in producing convulsions than that of
the rattlesnake.

The fact that the active principles of venom are proteids, and closely related
chemically to elements normally existing in the blood, renders almost hopeless the
search for a chemical antidote which ean prove available after the poison has
reached the cireulation, since it is obvious that we cannot expect to discover any
substance whieh when placed in the blood will destroy the deadly principles of
venom without inducing a similar destruction of vital components in the eircu-
lating fluid. The outlook then for an antidote for venom which may be available
after the absorption of the poison lies clearly in the direction of a physiological
antagonist, or, in other words, of a substance which will oppose the actions of venom
upon the most vulnerable parts of the system. The activities of venoms are, how-
ever, manifested in such diverse ways and so profoundly and rapidly that it does not
seem probable that we shall ever discover an agent which will be capable at the
same time of acting efficiently in counteracting all the terrible energies of these
poisons,

It is mow most desirable that our discovery of the complex chemical nature of
venoms should be made the groundwork in India of a study of the poison of the
Bungarus, the Daboia, and especially of the dangerous Hydrophidew. So far all
efforts on our part to obtain the venoms of Australian and South American snakes
have failed, so that these and the dreaded Vipire Fér-de-lance and the large Elaps
of Mexico remain so far really unstudied.
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DESCRIPTION OF PLATES.

PLATE I

Fig. 1.—Poisoning by venom peptone of Crofalus adamanteus. Local appearances on section
after death.

Fig. 3. —Poigoning by venom peptone of Crotalus adamanteus. Loeal appearauces after death
and before laying the part open.  The edemstous prominent swelling iz well shown, but is
made rather too darkly red.

Fig. 5.—Local effects of venom peptone, when the poisoning is chronie. The grayizh semi-gangre-
nous muscles are shown in contrast with the uninjured muscle of the opposite side.

PLATE II.

Fig. 1.—FExtensive local lesions after death from venom globulin (dialysis globulin).  From Crotales
Adamanieus venom,

Fig. 2.—Laocal lesions after death from a solution of dry Cobra venom—rahhit,

Fig. 3.—Conirast with Fig. 2 the profound local change cavsed in o rabbit by venom of Crotalus.
In both coses fnial results took place in two hours, the doses having been small.

PLATE II1LI.

Figs. 1 and 2 exhibit the increased adhesiveness of human-bloed globules when the fresh blood has
heen mixed with fresh vonom,

Fig. 3. —Naked-vye view of loop of mesentery in o cat showing effects of local application of venom
of Crotalus.  Kxtensive hemorrhages separate the two peritoneal layers, and are seen to have
oozed through them freely.

Fig. 4.—First microscopic appearances of hemorrhage from capillavies of mesentery of cat.

Figs. 5, 6, T—Buoccessive stages of increasing loss of blood.

PLATE IYV.
Microseopic appearances of human Wood on being mixed with fresh venom.  The alteration in form

and the elasticity and adhesiveness are well shown in Fields 1, 2, and 3—Photographs by Dr.
Gea. A. Piersol.

PLATE V.
Extensive hemorrhagic lesions in abdominal organs of etherized rabbit poisoned by intra-peritoneal

injection of venow of Crofalus adamanfeus.
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Abzorption of venom, 45, 154,

Acid, acetic, ¢ffect of, on toxicity of venom, 35.

Acid, bromohydrie, effect of, on toxicity of venom,
27, 43.

Acid, hydrobromie, effect of, on toxieity of venom,
35, 48.

Acid, muriatic, effect of, on toxicity of venom, 34.

Acid, nitrie, effect of, on toxicity of venom, 33,

Acid, sulphuric, effect of, on toxicity of venom,
34,

Acid, tannie, effect of, on toxicity of venom, 36.

Active prineiples of venom, 9, 157.

Activity of venom when applied o mucons sur.
faces, 44, 14%; when applied to serons sur-
faces, 43, 149,

Age, effects of, on toxicity of venom, 21,

Agents, effects of various, on the toxicity of
venom, 21.

Aleohol, absolute, effeets of, on toxicity of venom,
29,

Aleohol, elfects of, on toxicity of venom, 27,

Alkalies, effects of, on toxicity of venom, 29,

Alkaloids suspected in venom, 9

Alum, effects of, on toxicity of venoms, 36,

Ammonia, effects of, on toxicity of venoms, 33,

Analysis of venoms—see chemistry of venoms.

Antidotes, local, 21, 43, 154, 157,

Appearances of venom when dried, 5.

Argentic nitrate, effects of, on toxicity of venoms,
30.

Arterial pressore, gction of pure venoms upon,
EH-102.

Arterial pressure, action of venom globulins upon,
102-112.

Arterial pressure, action of venom peptones upon,
112-118.

Artificial digestion,
venoms, 42

effcct of, on toxicity of

B.

Bacteria in venom, 8, 7, 123, 135, 126, 154.
Bile, effect of, on toxicity of venom, 42.
Blood clot, peculiarities of, conzed by venom, 143,

| Blood corpuseles, action of fresh venom upon,

143, 155,

Blood eorpuseles, dizgintegration of, by venom,
141, 145,

Blood, effect of venom poisoning on, 138, 139,
140, 141.

Blood, extravasations of, 138-140, 146, 148, 154,

Bloodvessel walls, effect of venom upon, 146,
150, 154,

Boiled solution of venom, difficulties in filtering
clear, 13, 17.

Boiling, effect of, on venom, 17, 26, 46, 47, 51.

Bouillon, putrefaction experiments with, 134

Brain, effect of venom upon, 148,

Bromine, effeet of, on toxicity of venom, 37.

Bromohydrie acid, effect of, on toxicity of venom,
ar.

C.

Care of gerpents, 2.

Caustie alkalies, effects of, on toxicity of venoms,
29,

Constic potash, effects of, on toxicity of venoms,
29.

Chemistry of venoms, 9, 153,

Cilinry motion, action of venom npon, 149,

Clot, bleod, pecoliar charaeters of, 142,

Coagulation of blood, action of venom globulin
upon, 142

Coagulation of blood, action of venom peptone
upon, 143

Coagnlation of blood, action of venom upon,
138-141.

Color of venom, 5.

| Coloring matter of venom, how separated, T, 8.
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Comparative loeal effecia of different venoms,
b, 157.

Copper-venom-globulins, action on  puolse-rate,
GH-T3,

Copper-venom-globuling, action on arterial press-
ure, 1021143,

Copper-venom-globulins, action on respiration,
125-130.

Copper-venom-globaling, comparative reactions
af, 110,

Copper-venom-globoling, loeal actions of, 54.

11, 153,
Copper-venom-globuling, proportion in venom, 20,
Copper-venom-glabnling, reactions of, 12, 15.
Cornen, the aetion of venom upon, 148,
valiure experimoents with venom, 136,

D.

Daboia venom, 19, 55, 63, 92.

Death, cause of, in venom poisoning, 150,

Dheath, time of the cccurrence of, 139-140.

Desiceation of venom, effeets of, on toxicity of
venom, 21,

Ivialysis-venom-globulin, action of, on pulse-rate,
60-719.

Dinlysis-venom-globulin, action of on arterial
pressare, 102-112.

IMalysis-venom-globuling, action of, on respiration,
125-130,

Dinlysig-venom-globalin, local action of, b,

Dialysis-venom-globulin, method of preparation,
12

ialysis-venom-globulin, proportion in venom, 20.

Dinlysis-venom-globulin, reactions of, 12, 13, 15,

Dialyzed iron, effects of, on toXicity of venom, 40,

Difficulties attending researches with venom, 1.

Digestion of venoms, cffects of, on toxicity of
venoms, 22,

Dry heat, effects of, on toxieity of venoms, 23,

Drying venoms, loss in, 8.

E.
Ecchvmoses—eee hemorrhages
Epitheliom in venom, &, T.

F.

Ferric chloride, cffects of, on the toxicity of
venom, 40.

Ferrous sulphate, effects of, on the toxicity of
venom, 49

INDEX.

Filtration experiments with freeh venom Lo stody
morphological constituents, 133,

Filiration of venom throngh various substances,
effects on the toxicity of venom, 42.

(.

Glohulins—soe venom globmling,
Granular matter in museolar tissue prodoced by
venom, 141, 146,

| Gronular matter in venoms, 6, 133,
Copper-venom-globuling, method of pﬁ:pnmﬁun, |

IL.

Hemorrhages from venom poisoning, 139, 140,
146, 148, 154,

Hemorrhages, mechanism of, 149-153, 155,

Ieat, effects of, on toxicily of venom, 35.

Heated venom, experiments with, 134,

Hydrobromie acid, effects of, on toxicity of
Venom, 30,

[nsoluble precipitate in venom, 9.

Insoluble precipitate in venom, general eharacters
of, 10, 154.

Iodine and potassic iodide, effects of, on toxicity
of venom, 37.

Iodine, effeets of, on toxicity of venom, 37,43,

Iron, liguor chloride of, efects of, on toxicity of
venom, 41, 43, 154,

Iron, tincture of ehloride of, eMeets of, on toxicity
of venom, 41, 43, 154.

L.

Lesions from venom, macroscopical, 51, 137, 139,
140, 154,

Legions from venom, microscopieal, 6, 133, 141,
145, 146,

Liguor ferri chlor., effeet on the toxicily of
venom, 41, 43, 154,

Loz in drying venom, 8,

Lungs, alterations in, by venom, 139-141, 147.

M.

Macroseopical appearances produced by venom,
a1, 137, 139, 140, 154.

Mednlla, alterations in, 148,

Mercurie chloride, effect of, upon toxieity of
venom, 39,

Mesentery, action of venom upon, 149,
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Mierocoeei in venom, @, 136, 154,

Microscopieal appearances produced by venom,
6, 133, 141, 145, 146.

Moist heat, effect of, on toxicity of venom, 22-27,

Morphological constituents of venom, 133,

Motion, ciliary, action of venom upon, 149.

Motor nerves, action of venom upon, 49,

Mueous surfaces, action of venom npon, 44, 145,

Muriatic acid, effects of, npon toxicity of venoms,
B3,

Muscular tissues, dry atrophy of, 140,

Muscular tizsues, putrefaction experiments on,
135,

.

Neerotic changes eaused by venom, 185, 154.
Nerves, motor, effects of venom upon, 49, .
Nerves, sensory, cffects of venom npon, 49.
Nervous gystem, effects of venom upon, 48, 155,
Nentralization of venom, result of, 9.

Pathology of serpent venoms, 133-152.

Peptone—saee venom peptone,

Peroxide of hydrogen, effect of, on toxicity of
venom, 39,

Physieal characterizties of venom, 5.

Flan of isolation of poisons, defects in, 153,

Plan of stody, defeets in, 153,

Poisoning, chronie, 140.

Poizsoning, rapid, 137,

Potasgh, effects on toxicity of venom, 29,

Potassie fodide, effeets on toxicity of venom, 38

IPotassie iodide and jodine, effectz on toxivity of
venom, 7.

Potassic permanganate, effects on toxicily of
venom, 35, 43, 153,

Preservation of venom, 5.

Prezeure, arterial or blooid—see arierinl pressore.

Proteid constitnents of venoms, 19, 20,

Pulse-rate, action of pure venoms npon, 56-63,
153,

Pulse-rate, action of venom globoling upon, GH-T9,
146,

Pulze-rate, action of venom peptones npon, 79-54,
146,

Ii.

Reaction of venoms, 9.

Reactions of eopper-venom-globuling, 12, 15,

Reactions of dialysis-venom-globulins, 12, 13, 18. |

Eeactions of water-venom-globuling, 11, 14, 17, 18. |
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Reactions of venom peptones, 10, 13, 15, 15.

Respiration, aetion of pure venoms upon, 119-125.

Respiration, action of venom globuling wpon,
195180, 156.

Respiration, action of venom peptones upon,
130152, 156,

5.

Saliva, analogy of venoms to, 154,

Salts in venom, 20,

Senzory nerves, action of venom upon, 49,

Berpent loop, 2.

Berpents, care of, 2,

Berpents, feeding of, 2,

Serons snrfaces, effeels of venom on, 45, 149,

Silver nitrate, effect upon toxicity of venom, 89,

Enake bile, effect upon toxicity of venom, 42.

Snake loop, 2.

Bodic hydrate, effect upon toxicity of venom, 32,

Solids in venom, b, 6, 133, 154,

Bpecific gravities of venoms, 8.

Bpermatozoa, effects of venom upon, 149,

Zpinal cord, effects of venom npon, 49,

Znlphuric acid, effecta of, opon the toxicity of
venoms, 34,

T.

Tannie acid, effects of, upon the toxicity of
venoms, 36,

Tincture of the chloride of iron, effecis of, npon
the toxicity of venoms, 41, 43,

Toxic elements in venom, 154.

3

Yenom globuling, 10

YVenom globuling, action on pulse-rate, 69-79, 156,

Yenom globuling, action on arlerial pressoree,
102-113, 156.

YVenom globualing, action on respirations, 125-
130, 156.

Venom globuling, eomparative reactions of, 14,
16, 18, 149,

Venom globuling eompared with venom peptones
toxicologically, 51, 118, 143, 156,

Venom globuling, defeets in method of prepara-
tion, 153.

Venom globuling, distinguishing features of vori-
ous, 13, 14, 16, 18 19,

YVenom globuling, general characters of, 10,

Venom globuling, liow held in solution in venoms,
12.
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Venom globulins, how prepared, 10,

Venom gplobuling, local actions of, 53,

Venom globuling, physiological peeuliarities of,
47, 142, 156,

Venom globuling, proporiions in venoms, 20,

YVenom globulins, reactions of, 10,

Yenom globuling, toxicity alfected by boiling, 55.

Venom globuling, voxicity alfected by drying, 53.

Veuom peptones, 10

Venom peptones, action on pulse-rate, 79-84,
156.

Venom peptones, action on arterial pressure,
112-115, 156.

Venom peptones, action on respiration, 130-132,
1546,

Venom peploncs, comparative reaciions of, 19,

Venom peptones compared with venom globulins
toxicologically, 51, 118, 142, 156,

Venom peptones, general characters of, 10, 17,
19,

Venom peptones, how prepared, 10, 13,

Venom peplones, loeal actions of, 51

Venom poptonce, peculiar characters of, 11, 17,

Venom peptones, physiological peculiarities of,
47, 156,

INDEX.

Venom peptoncs, proportions of, in venom, 20,
Yenom peptones, reactions of, 10, 13, 15, 18,
Voluntary motion, effect of venom opon, 49,

w.

Water-venom-globuling, 10, 14, 16

Water-venom-globuling, action on the pulse-rate,
60-T9.

Water-venom-globuling, action on the arterial
pressure, 102-118.

Water-venom-globuling, - aetion  on the respira-
tions, 125-130.

Water.venom-globulins, comparative reaclions,
18.

Water-venom-globuling, how prepared, 10,

Water-venom-globuoling, loeal action, H4.

Water-venom-globuling, proportion in venoms, 20.

Water-venom-globuling, reactions of, 11, 14, 17.

Y.

Yellow pigment of venom, 8, 7, 8.
Yellow pigment of venom, separation of, 7, 8.







































