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INTRODUCTION.

A FEw 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 Bonaparte, in 1843, on the chemistry of venom, there was no paper of
moment on serpent poisons. In January, 1861, one of us, S. Weir Mitchell,
published a long study of the venom of the Crotalus 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 Bonaparte’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 1868.

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 1874, Vincent Richards, as chairman of a government commission, published
an excellent report on antidotes.

Dr. Wall’s® thoughtful and suggestive 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. Even 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 inception 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 caged specimens, and the great cost of

! Proe. Roy. Soc. 1872, 18173, and 1875.

* Indian Snake Poisons; their Nature and Effects. A. J. Wall, M.D., F.R.Coll.S., 1883.
1 April, 1886. 28



92 INTRODUCTION.

purchase and transportation, need only to be mentioned as indicating our own
difficultiecs. What had been donc in India, sustained by a government, had to
be with us attempted by private individuals, aided by the Smithsonian Institu-
tion, without which it would have been impossible to succeed. Our work began
in the antumm of 1882, by extended cfforts on our part, and that of the Smith-
sonian, to buy or otherwise get numerous living specimens of the American genera
of Thanatophidese. This quest was kept up by every means our ingenuity counld
devise, and ncither time nor money was spared. We succeeded in obtaining
a sufficient number of rattlesnakes, including Crotalus adamantens and C. 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 small, 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 yiclded poison in large quantities. Thus one—C. adamanteus—
was cight and a half fect long and weighed nearly nineteen pounds. It furnished
on one occasion about one and a half drachms of venom.

It was thought desirable by Prof. Baird and oursclves to examine the poisons of
Indian serpents. 'l'o sccure 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 dune to the generous and untiring kindness of
Vincent Richards, Esq., M.R.C.S., of Goalundo, B. 1.

The poison of the Duboia Russcllii, the Indian viper, we sought in vain to
secure. Government aid and private enterprise alike failed to sceure a sufficient
quantity of the venom of this drcaded reptile. The other Thanatophidee, of
Australia, and South Ameriea, still await more careful study, and our preliminary
report has alrcady 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 cat, were fed at intervals, by artificial means, with raw beef chopped fine, and
passed down into the belly of the snake throngh 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 occasions, 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 scrpent’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.

For whatever reasons the study of snake venoms had not greatly advanced since
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the last research of Fayrer and Lauder Brunton wumtil 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 obscervers had in some points differed from

him, to learn if they or he were correet, 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 rescarches, 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 qualitics and quantities of these agents wonld 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 lecading thought and experiment in
new directions hasten the day when we shall be able to treat with success the
wretehed thousands who now perish annually by snake-bite in India and elsewhere.

Some of our earlier results were so soon talked of and cven noted in public
prints, that 1t 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 Sciences, 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 light of our present more claboraté essay may be seen to contain several
erroncous statements.

It is not in the nature of things, that a research along such varied lines-as
our present volume follows, though extending over several years, should be per-
fect in dctail, or complete for all genera of Thanatophidians. It is our carnest
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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, desiccation, glycerin, or
alcohol, 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 Vincent
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 S. 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 mieroscopic
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 mucus 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 Crotalus adamanteus, was examined
with a )5 Zeiss. homog. immersion lens ; amplification 800 diameters. The most
striking appearance which first meets the eye is a granular material scattered 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 leuco-
cytes resembling salivary corpuscles, and others corresponding to ordinary white
blood-corpuscles, the latter cells in an active state of amaeboid motion. There
were also observed several club-shaped epithelial cells covered with fine granular
material.

The granular matter first mentioned, and which seems 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 ;5355 of an inch in their longest diameters.
These ovoid particles are grouped side by side, from two to twenty in each collec-
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,
distinguished 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 54445 of
an inch in diameter, are perfectly round or somewhat ovoid, and occurring singly,

! Dr. Mitchell possessed a glycerin solution which was toxie after twenty years.
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in pairs, or in zooglea masses. They are less refracting, and paler than the
albuminoid 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 epithelium, 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 amaeboid motion. The venom of the moccasin presents the
same appearances.

If fresh venom stands but a short time exposed to the air the micrococci mul-
tiply with remarkable rapidity, forming large, pale, motionless clouds; but, in
addition, multitudes of movable bacteria (the Bacterium termo and a bacillus—
probably Bacillus subtilis) gradually make their appearance.’

The globulous masses, above described, 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
throughout. 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 once 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 temperatures,

The solids, thus collected below, are easily separable from the supernatant 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 npwards, 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. But 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, putrefied from long standing, appears to lose at least a portion of its virulence.
But this is a poiut whieh is open to further observation.
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> CHAPTER 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 sought 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 mercury and potassium, etc. etc. In many cases
precipitates were obtained, but these were in no case distinetly crystalline. 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 basic in character, even
if it be classed with albuminoids, since these are known to.combine with platinous
cyanide and with salicylic and other acids, exhibiting the properties of weak bases
as 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 Insoluble Precipitate.—This insoluble matter, which we term the insoluble
precipitate, can be collected for examination by allowing the venom to stand in
hermetically scaled vertical tubes, as previously described. The precipitate soon
settles to the bottom, the clear venom is then carefully drawn off, and the precipi-
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
words, 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 cpithelial cells and salivary corpuscles, and a few
flat crystals resembling cholesterin.

The 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.—If, after the separation of the above insoluble precipitate, 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 occur within the dialyser,
and should dialysis be continued sufficiently long the precipitate will have beecome
deposited in abundance. If the precipitate thus formed be collected on a filter 1t
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 is 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
globulins ; 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 coagulated at a point a little above 70° C.

The filtrate still contains some proteid in solution, since we find, by the usual
color and chemical 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 cuprie sulphate, it is precipitated but
not coagulated by absolute alcohol, and if placed in a dialyser it will be found to be
readily dialysable. These reactions it will be observed place the proteid which
remains in solution in the filtrate among the pepiones. DBut we shall revert to this
hereafter.

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

The substance, however, which we find belonging to the globulins is a complex
body in its composition, since, by appropriate processes, it can be resolved into three
distinet principles, each of which is a globulin, but each having some properties
different from its fellows. In order to distinguish these principles we have named
them water-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 suflicient 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 rcactions with the usual proteid tests.

Boiling—causes coagulation.

Sodic chloride (0 75 per cent.)—slightly solnble.

1 OM R )—soluble, forming a turbid solution; the solution is not preeipi-
tated by carbonic acid? nor by the addition of ether.
—Dboiling the solution causes coagulation,
—the solution is preeipitated by saturation with sodic chloride.

Carbonic acid'—soluble.

Sodic carbonate—very soluble; solution not precipitated by carbouic acid.

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

Metaphosphoric acid—insoluble.

Orthophosphoric acid—dissolves.

Sodic 77‘zetaphospkate—insoluble.

Sodic orthophosphate—very soluble.

Potassic sulphate—rvery soluble.

Cualcic chloride—very soluble.

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

Acetic acid (glacial)—very solnble.

Coagulation occurs at about 64-73° C.

Since this body is precipitated by-saturation with sodic chloride, and dissclves
with difficulty in a 0.75 per cent. solution of sodic chloride, it scems 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 oceur, and which can be separated as in the previous instance. In
adding the cupric 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.

' In all of these reactions with the globulins, unless otherwise apparent, about 1 e. c. of the
suspended globulin in distilled water was placed in a small test-tube, and from one to two drops of
standard 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 purpose in distinguishing these different bodies.

* Where carbonic acid is used in these tests we have reference to the super-saturated carbonic
acid water (soda 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-acid tests for copper, and therefore cannot
be regarded as a salt of this metal.

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

Deceided reactions with the usual proteid tests.
Sodic chloride (0 75 per cent.)—insoluble.
(QUORSE )—insoluble.
—the addition of crystals of sodic chloride seems to dissolve it
slightly ; this solution is eleared somewhat by boiling; the
same effect by boiling the suspended mixture; the clearing

is no doubt the result of the formation of coagula.
Carbonic acid—insoluble.

Sodic carbonale—very soluble, forming a beautiful clear solution ; boiling has no effect ; the solu-
tion is precipitated by earbouic acid.

IHlydrochloric acid (0.4 per cent.)—exceedingly soluble.

Metaphosphoric acid—insoluble ; boiling no effect.

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

Sodic metaphosphate—insoluble ; boiling no effect.

Sodic orthophosphate—soluble in a much larger amount than is nccessary in dissolving the water-
venom-globulin ; beiling has no effect, unless to clear the
solution some.

Potassic sulphate—insoluble; boiling no effect.

Calcic chloride—Iless soluble than water-venom-globulin.

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

Acetic acid (glacial)—very soluble.

The Dialysis-venom-globulin.—The filtrate, after the separation of the water-
venom-globulin and copper-venom-globulin, still gives a decided amonnt of coagula
by boiling, and also all of the characteristic color reactions for proteids. If 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 coagnla 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-venom-globulin gives the following reactions : —

Decided reactions with the usual proteid tests. '

Sodic chloride (0.75 per cent.)—insoluble.

(L0} )—slightly soluble.
(erystals)—more soluble, forming a very cloudy solution; boiling clears the
solution some; the same degree of clearing does not oceur in
the mixture without the sodic chloride.

—the addition of earbonic acid to the solution with crystals causes
a beautiful elear solution, which is made cloudy by boiling.
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Carbonic 2cid—soluble; cloudiness by boiling.

Sodic carbonate—rvery soluble ; boiling no effeet.

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

Metaphosphoric acid—rendered of a yellowish tint; not appreeiably dissolved ; boiling no appre-
ciable cllect.

Orthophosphoric acid—rvery soluble; boiling no cffeet.

Sodic metaphosphate—very soluble, forming a very elear solution ; boiling no effeet.

Sodic orthophosphatc—slightly soluble ; dissolving slowly in exeess, forming a slightly turbid
solution ; boiling elcars absolutely.

Polassic sulphate—insoluble ; boiling no deeided effeet.

Calcic chloride—soluble by the addition of a eomparatively larger amount; Dboiling causes
eoagulation.

Acelic acid (5 per eent.)—very soluble.

Acetic 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. It is further found that if the above
filtrate is placed in a fresh dialyser, that the principle giving the proteid reactions
will readily pass.through the membrane. 'The fact that this substance will dialyse
readily, and that it is not immediately coagulated at the temperature of boiling
water, and not precipitated by cupric sulphate and ferric 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
through many thicknesses (7) of the best filter paper; furthermore, continued boil-
ing causes a breaking down of the peptone with the apparent formation of fine
coagula (sce Cobra peptone, p. 17). We, however, prepared the peptone by
dialysis, and obtained the following reactions :—

No immediate coagulation at a temperatnre of 100° C.

Full reaetions with the proteid eolor tests.

No preeipitate with weak or strong nitric aeid.

Ferric chloride—no preeipitate.

Cupric sulphale—no preeipitate.

Mercuric chloride—decided preeipitate.

Absolule alcohol—preeipitate ; precipitate redissolved by the addition of water.

Mercuric nitratc—decided preeipitate.

DPolassic hydrate—precipitate by saturation; preeipitate redissolved by the addition of nitrie aeid,
forming a deeidedly yellowish solution, which beeomes decolorized by further
addition of acid.

Polassic ferrocyanide in presence of weak acelic acid—a preeipitate.

To revert now to the globulins and their distinctive features, it seems clear that
these prineiples must exist in the venom as distinct bodies, and are not simply
representatives of a single globulin which have arisen throngh our manipulations.
The first distinguishing. feature between them is represented in the process of
isolation, but if we place the reactions of the different globulins in parallel columus,
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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
globulius, 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
giveu 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.
practically correct.

We believe, however, that they are

Reagent.

Water-venom-globulin,

Copper-venom-globulin,

Dialysis-venom-globnlin.

Sodic chloride (10 p. e.)
Carbonic acid

Sodic carbonale

Soluble
Soluble
Very soluble; not
preeipitated by CO,

Insoluble

Tnsoluble
Very soluble ; pre-)
cipitated by CO, )

Slightly soluble.
Soluble.

. Very soluble.

Hydrochloric acid (0.4 p.c.) Very soluble Very soluble Very soluble.

(Insoluble; rendered

Metaphosphoric acid Insoluble Insoluble | 00 pollameEiliee
Orthophosphoric acid Soluble Very soluble Very solnble.
Sodic metaphosphate Insoluble Insoluble Very soluble.
Sodic orthophosphate Very soluble Less soluble Still less soluble.
Potassic sulphate Very soluble Insoluble Insoluble,
Calcic chloride 3 Very soluble Less soluble Less soluble.
Acetic acid (5 per eent.) Very soluble Soluble Very soluble.
Acetic acid (glacial) Very soluble Soluble Very soluble.

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:—

Water-venom-globulin.

Decided reactions with the usnal proteid color tests.

Boiling—clears the mixture withont the apparent formation of any coagula.

Sodic chloride (0.75 per cent.)—insoluble.

(LO» =t )—somewhat soluble, solution not absolutely elear; boiling clears
absolutely without the formation of coagula.
(crystals)——somewhat soluble; solution not precipitated by carbonie acid.

Carbonic acid—insoluble.

Sodic carbonate—soluble, forming slightly turbid solution; boiling clears the solution without
giving coagula; the addition of crystals of sodic ehloride to
the hot boiled solution eaunses a precipitate, this precipitate
being eoagulated by boiling.

Hydrochloric acid (0.4 per cent.)—somewhat soluble.

(B £ )—soluble.

Metaphosphoric acid—insoluble,

Orthophosphoric acid—soluble.

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

Sodic orthophosphate—soluble ; solution rendered absolutely clear by boiling.



THE CHEMISTRY OF VENOMS, 15

Potassic sulphate—soluble ; solution rendered absolutely clear by boiling.
Calcic chloride—soluble; solution rendered clearer by boiling.

Acetic acid (5 per cent.)—insoluble.

Acetic acid (glacial)—insoluble ?

Copper-venom-globulin.

DBoiling—clears somewhat; no coagula.
Sodic ¢hloride (0.75 per cent.)—insoluble.
Qo .~ )—insoluble.
(erystals)—insoluble; Loiling partially clears without the formation of any
coagula. '
Corbonic acid—somewhat soluble; boiling clears absolutely.
Sodic carbonale—very goluble; boiling no effect.
Hydrochloric acid (0.4 per cent.)—very soluble.
Metaphosphoric acid—insoluble ; boiling appears to clear slightly.
Orthophosphoric acid—very soluble.
Sodic metaphosphate—insoluble; boiling clears somewhat.
Sodic orthophosphate—somewhat soluble; boiling clears beautifully.
Potassic sulphate—insoluble ; boiling elears slightly.
Calcic chloride—slowly dissolved; not so soluble as water-globulin; boiling gives a slight
cloudiness.
Acetic acid (5 per cent.)—soluble.
Acetic acid (glacial)—soluble.

Dialysis-venom-globulin.

Boiling—clears almost absolutely without the apparent formation of eoagula; boiled solution
precipitated by saturation with crystals of sodie chloride.
Sodic chloride (0.75 per cent.)—insoluble.

(1) )—somewhat solable; dissolves slowly, forming a slightly tarbid
solution ; boiling seems to clear some without the formation
of coagula,

Carbonic acid—very soluble ; slight turbidity by boiling.

Sodic carbonatc—very soluble; boiling no effect.

Hydrochloric actd (0.4 per cent.)—very soluble.

Metaphosphoric acid—slightly soluble; ycllowish tint; boiling clears slightly with the formation
of coagula.

Orthophosphoric acid—rvery soluble ; boiling no effect.

Sodic metaphosphate—insoluble.

Sodic orthophosphate—soluble ; boiling no effect.

Potassic sulphate—somewhat soluble.

Calcic chloride—very soluble, form a beantiful clear solution; boiling causes slight turbidity.

Acetic acid (5 per cent.)—soluble

Acetic acid (glacial)—soluble

Moccasin Peptone.

1. Readily dialysable.
2. Not immediately coagulated at a temperature of 100° C., but gradually eoagulated by pro-
longed boiling (see Cobra peptone, p. 17).
8. Reaction with the xantho-proteie test (nitric acid and ammonia)
Reaction with Millon’s reagent (mercurie nitrate)
No precipitate with weak or strong nitric aeid.
No precipitate with CO,.
No precipitate with ferric ehloride.
No preeipitate with eupric sulphate. .

P T D U
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9. Precipitated by mercurie chloride.
10. Precipitated by absolute aleohol. '
11. Gives a faint reddish tinge with a strong solution of potassium hydrate, and a trace of eupric

sulphate.

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

THE VENOMS OF CERTAIN THANATOPIIIDE A&.

13. Precipitated by very difute acetic acid; precipitate being redissolved by further addition of acid.
14 Full reaction with Adamkiewiez’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; preeipitate being apparently redissolved on the addition of

water.

18. Precipitated by saturation with potassium hydrate; precipitate being redissolved by the addi-
tion of nitrie acid, with the formation of a decidedly yellow solution (xantho-proteic) which becomes

deeolorized by addition of aecid.

19. Preeipitated by potassium ferroeyanide 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 prineipal
reactions of the Moceasin globulins, remembering in this connection the difference
in the properties manifest in their methods of preparation.

Reagent. Water-venom-globulin. | Copper-venom-globulin. | Dialysis-venom-globulin.
Boiling C]i?::];lm%t e Clears some Clears some.
Sodic chloride (10 per cent.) | Somewhat soluble Insoluble Somewhat soluble.
Carbonic acid Insoluble Somewhat soluble Very soluble.
Sodic carbonate Solnble Very soluble Very soluble.
Hydrochloric acid (0.4 p.e.) | Somewhat soluble Very soluble Very soluble.
Metaphosphoric acid Insoluble Insoluble Slightly soluble.
Orthophosphoric acid Soluble Very soluble Very soluble.
Sodic metaphosphate Somewhat soluble Insoluble Iusoluble.
Sodic orthophosphate Soluble Less soluble Soluble.
Potassic sulphate Soluble Insoluble Slightly soluble
Calcic chloride Soluble Insoluble Very soluble.
Acetic acid (5 per cent.) Insoluble Soluble Soluble.
Acetic acid (strong) Insoluble Soluble 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. 1In 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 water-venom-
globulin suspended in distilled water):—
Doiling—eoagulates.
Sodic chloride (0.75 per eent.)—insoluble,
(o )—soluble; boiling gives slight turbidity.
—sodic ehloride solution apparently unaffected by carbonic aeid.

Carbonic acid—insoluble.

Sodic carbonate—soluble, slightly turbid solution; boiling makes perfectly clear.

Hydrochloric acid (0.4 per cent.)—soluble.

Metaphosphoric acid—insoluble; boiling no appreciable effect.

Orthophosphoric acid—very soluble; boiling makes solntion absolutely clear.

Sodic metaphosphate—insoluble; hoiling no appreciable effect.

Sodic orthophosphate—somewhat soluble; boiling renders perfeetly clear.

Potassic sulphate—someswhat soluble.

Caleic chloride—soluble ; opalescence of solution inercased by boiling.

Acetic acid (5 per cent.)—soluble.

Acetic actd (glactal)—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 coagula are so fine that it is impossible,
save in rare instances, 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 honr 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, coagnla-
tion does not recommence in the filtrate until it has been boiled for a few moments.
These most interesting facts snggest 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-
ecal action could alone account for.

It seems to us perfectly elear that the body which is thus gradually broken up
by prolonged boiling is a peptone. Our principal reasons for this belief are that
the body so coagnlated is very readily dialysable, is not preeipitated by ferrie
chloride, or eupric sulphate, and in the case of the Cobra is not precipitated by abso-
lute aleohol, or mercurie chloride, is not eoagnlated 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, 1886.
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by dialysing venom for forty-eight honrs. The dialysate was perfectly clear and
neutral in reaction :—

Boiling—no result until after a few moments, when it becomes cloudy, the cloudiness inereasing
as boiling continues; strong nitric acid dissolves the precipitate.

Color reactions for proteids—the xantho-proteic, Millon and Biuret rcactions are all obtained.

Ferric chloride—no cffect.

Cupric sulphate—no effect.

Mercurie chloride—no cffect.

Mercuric nitrate—decided precipitate.

Absolute alcohol—no precipitate.

Potassic ferrocyanide 4 weak acetic acid—preeipitate.

Nitric acid (strong)—no precipitate.

Hydrochloric acid (strong)—no precipitate.

Acetic acid (strong)—no precipitate.

Sodic chloride (saturation)—precipitate; acetic acid, large quantity, dissolves.

Potassic hydrale to saturation—precipitate.

Tannic acid—decided precipitate.

Basic acetate of lead—decided precipitate.

Several very remarkable facts are the coagulation by prolonged boiling and the
non-precipitation by mercuric chloride and absolute alcohol. Since 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 described body of this class.

As a matter of some interest, it is desirable to know if similar globnlins 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.

I. Water-venom-globulin.

Reagent. Crotalus horridus. Ancistrodon piscivoris. Cobra.

Boiling Coagulates Apparently dissolves Coagnlates.
Sodic chloride (10 per cent.) Soluble Somewhat soluble Soluble.
Carbonic acid Soluble Insoluble Insoluble.
Sodic carbonale Soluble Soluble Soluble.
Hydrochloric acid (0.4 p. ¢.) Soluble Somewhat soluble Soluble.
Metaphosphoric acid Insoluble Insoluble Insoluble.
Orthophosphoric acid Soluble Soluble Soluble.
Sodic metaphosphate Insoluble Somewhat soluble Insoluble.
Sodic orthophosphate Very soluble Soluble Somewhat soluble.
Potassic sulphale Very soluble Soluble Somewhat soluble,
Calcic chloride Very soluble Soluble Soluble.
Acetic acid (b per cent.) Soluble Insoluble Soluble.
Acetic acid (strong) Soluble Insoluble Soluble.
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Reagent. Crotalus horridus. Ancistrodon piscivorus.
Doiling Coagulates Apparently dissolves.
Sodic chloride (10 per cent.) Iusoluble Insoluble.

Carbonic acid
Sodic carbonate
Ilydrochloric acid (0.4 p. e.)

Insoluble
Very soluble
Very soluble

Somewhat soluble.
Very soluble.
Very soluble.

Metaphosphoric acid Insoluble Insoluble.
Orthophosphoric acid Very soluble Very soluble.
Sodic metaphosphate Insoluble Insoluble.
Sodic orthophosphate Soluble Soluble.
Potassic sulphate Insoluble Insoluble.
Calcic chloride Soluble Insoluble.
Acetic actd (5 per cent.) Soluble Soluble.
Soluble

Acetic acid (glacial)

Soluble.

1I1. Dialysis-venom-globulin.

Reagent. Crotalus adamantcus. Ancistrodon piscivoru;.
Boiling Coagulation No coagulation ?
Sodic chloride (10 per cent.) Somewhat soluble Somewhat soluble.
Carbonic acid Soluble Very soluble.

Very soluble.

- Very soluble.
Slightly soluble.

Very soluble.

Sodic carbonate
Hydrochloric acid (0.4 p. c.)
Metaphosphoric acid
Orthophosphoric acid

Very soluble
Very soluble
Insoluble
Very soluble

Sodic metaphosphate Very soluble Insoluble.
Sodic orthophosphate Soluble - Soluble.
Potassic sulphate Insoluble Slightly soluble.
Calcic chloride Solable Very soluble.
Acetic acid (5 per eent.) Soluble Soluble.
Acetic acid (glacial) Soluble.

Soluble

It will be noticed by a careful comparison that the corresponding principles 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 detect any chemical differences
in the venom peptones of the Crotalus and Ancistrodon. Cobra venom peptone
is distinguished from that of the Crotalus and Ancistrodon by its non-precipita-
bility by mercurie chloride and absolute alcohol.

Daboic 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 specimens of the dried venoms of the Crotalus adamanteus, Ancistrodon
piscivorus, and Cobra gives us the following proportions of the globulins and
peptones :—
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Crotalus adamantews—
0.5 gram dried venom = water-venom-globulin  0.0495
copper-venom-globulin  0.0375
dialysis-venom-globulin 0.0360

0.1230 — globulins.
0.3770 = peptone' (estimated.)

Ancistrodon piscivorus—
0.3364 gram dried venom = water-venom-globulin ~ 0.0034
copper-venoul-globulin  0.0182
dialysis-venom-globnlin 0.0047

0.0263 = globnlins.
0.3101 = peptone' (estimated).
According to this estimate there would be in 0.5 gram 0.0391 globulins.
0.4609 peptone.!

Cobra—
0.2 gram dried venom = water-venom-globnlin  0.0035
peptone' 0.1965 (estimated).
According to this estimate there wounld be in 0.5 gram 0.0087 globulin.
0 4912 peptone.?

From these analyses it will be observed that the dried venom of the Crotalus
adamanteus 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 in very small quantity.
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CHAPTER III.
EFFECTS OF VARIOUS AGENTS ON VENOM..

Effects 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 guestions thus brought up have a twofold interest, the one chemieal
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 without 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 can 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 direct study of
agents as antidotes. 'T'oo 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 of Desiccation of Venom.—Allowed to dry at ordinary temperatures, the
venoms retain their poisonous activity almost unaltered. When again water is
added they act as usnal, except that, owing perhaps to imperfections in redissoln-
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 desiccated.

The Effects of Various Agents on the Towicity 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
1ts power :—

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

5:14. Animal decidedly weakened.
5:25. There is considerable blackening of the tissues about the point of injection, the parts
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being much swollen, the leg stiff, the museles at the point of injection are paralyzed, and
sensibility of the leg destroyed. The pigeon lies on its side unable to stand, is exceedingly
prostrated, and breathes laboriously. Observation now ceased until 8 A. M. following morn-
ing, when the animal was found dead and in general rigor mwortis, exeepting the museles at
point of injection.

Autopsy.—The tissues were dark, congested, and snffused with serum for an area of one
and a half inches from point of injection. The viscera of the thoracie and abdominal cavities
appeared slightly congested; the heart was arrested in systole and contained dark clots; the
blood everywhere was dark and clotted. Microscopically the muscular fibres did not appear
to be greatly disorganized, although in some of the fibres no transverse striz or nuclei could
be discovered.

The Effects of Dry Heat. Experiment.—0.03 gram of dried (Crotalus adam-
anteus) 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. c. of distilled water.

2:57. Injected the above into the thigh of a pigeon.
4:49. Violent convulsions and dcath. Local effeets decidedly marked.

Experiment.—Repeated the above, but subjecting the venom to a temperature
of 100 C. for ten minutes.
3:42. Injected into the thigh of a pigeon.
6:00. No decided symptoms. On the following morning the animal was dead. The local
effects were marked.
Experiment.—Repeated the above, but subjecting the venom to a temperature
of 110° C. for thirty minutes.

4:46. Injected into the thigh of a pigcon.
5:25. Convulsions.
5:45. Died. The local effects were marked.

From these results it scems clear that heating the dry venom to a degree above
boiling point daes not apparently alter its poisonous activity. The delay in
the occurrence of death in the second experiment snggests 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. Experiment.—0.03 gram dried venom (Crotalus
adamanteus) was dissolved in 1 c. c. distilled water, and gradually heated until a
flocenlent precipitate occurred. '

This was injeeted into the thigh of a pigeon in the evening. The next morning the animal
was found dead.

Experiment.—0.03 gram dried venom (Crotalus adamanteus) was dissolved in
1 c. c. distilled water and subjected to a gradually rising temperature to 50° C.

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

3:51. Very weak, pupils apparently contracted, trembling; breathing laborious.

4:00. Dcad. At the point of injection the tissues were decidedly congested and purplish
and suffused with blood. The blood generally was fluid, but some soft clots were found in the
abdominal vessels.
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Experiment.—Subjected a similar amonnt of venom in solution to a rising
temperature to 65° C,

4:01. Injected into the breast muscles of a pigeon.

4:05. Head depressed.

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

5:02. Dead. The loeal effeet is not so marked as in the previous experiment. The injee-
tion was merely subecutaneous. The viscera did not appear congested or abnormal; the heart
was arrested in systole; blood everywhere flnid and dark; no eechymoses in the peritoneum;
museles appear darker than normal.

Experiment.—Repeated the above, but inereasing temperature to 74° C.

4:13. Injected into the breast mnseles of a pigeon.
4:19. Weak, falls on side.
5:05. Dead. Blood clotted ; local effect the same as in previous experiment.
Laperiment.—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 museles of a pigeon.
4:27. Unable to stand.
6:00. Nearly dead.
Following morning. Extremely feeble, too weak to stand; there is a muco-sangninolent
discharge {rom the bowels.
Seeond day. Very fecble.
Third day. Recovering.
Experiment.—The same, but subjecting the solution to 79.5° C.
4:00. Injeeted into the breast mnscles of a pigeon.
5:50. No symptoms.
Following morning animal well.
Experiment.—The same, but subjecting the solution to 81° C.

4:31. Injected into the breast museles of a pigeon.
4:45. Apparently a little stupid.
5:50. No further effeet.
Following morning. Animal well.
Second morning. Animal well.
Experiment.—Boiled a similar amount of solntion for two minntes.

3:26. Injeeted into the breast muscles of a pigeon. ’
4:30. No effect.
Following morning. No effect.

'The above very interesting series of experiments clearly shows that the cffect
of heat on a solution of venom is very positive, that the toxicity of venom is
decidedly affected, and that the greater the increase of temperature between
certairi limits the greater is the destruction of the poisonous power of the venom.
It will be observed in the second cxperiment, which is the first in which any
positive temperature was observed, that the animal died in about fen minutes after
injection ; in the third experiment in about one hour; in the fourth and fifth
experiments in about three-fourths of an hour, and an hour and three-quarters
respectively; in the sixth experiment in about fwo hours; 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. It 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 rcached the temperature at
which toxicity scems 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 eftects in pigeons.

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

Eaxperiment.—Dissolved 0.015 gram dried Moccasin in 1 c. c. distilled water,
and gradually heated to 78° C.

3:40. Injected into the breast of a pigeon.
3:50. Rocking.
4:45. Nearly gone; some local effect.
Following morning the animal was dead. The local effect (darkening) was marked, but
not comparable to that eansed by the unboiled venom.
Experiment.—Boiled 0.015 gram dried Moccasin ( piseivoris) dissolved in 1 c. c.
distilled water for one minute.

3:28. Injected the above into the breast museles of a pigeon.
3:35. Too weak to stand.
4:15. Dead. There are no local effects.
Experiment.—Dissolved about 1} minims of fresh Moccasin venom in about 1
c. c. distilled water, then boiled in a test-tube, filtered and injected one-half into
the breast muscles of a pigeon at 4:30.

4:55. Very slight local effect; darkening and swelling; the animal is weak and has respi-
ratory distnrbaunee.

Injected the other half.

5:00. Rocking; irregular breathing ; somewhat stupefied.

5:20. Eyes closed; stupcfied; breathing irregnlar.

Following morning. There was a large, light-colored, cedematous swelling (see Plate No. 1)
within, which was a eavity about an inch in diameter, full of broken-down tissue, having a
grayish muddy, gangrenous appearance, and a putrefactive odor, while the surronnding
muséular tissnes were normal in appearance.

It will be observed in this series of experiments with the Moecasin 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. n

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

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

4:10. Injected into the breast muscles of a pigcon.
4:16. Unable to stand.
4:20. Dead.
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Eaperiment.—The same, excepting that the temperature was raised to 79.5° C.

4:12. Injeeted as above.
4:21. Unable to stand.
4:25. Dead.

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

4:45. Injected into the breast museles of a pigeon.
5:00. Unable to stand.
5:03. Convulsions followed by death.

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

3:51. Injeeted into the breast muscles of a 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
experiment, but here it must be observed that but one-half the dose was used.!

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

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

5:00. Injected into the breast muscles of a pigeon.

5:10. Unable to stand.

5:20. Incodrdination.

6:00. Very weak.

Following morning. Dead. There were very slight local effects; the blood was elotted in
soft black elots; heart arrested in systole, auricles full of clots. The iuterior of the thoracic
cavity had a mucky brownish appearance ; the viscera did not appear congested, and there
were no ecchymoses.

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 c. c. distilled water and boiled for a moment. y

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

6:15. In good condition; no symptoms up to this time, excepting a little tendency to
droop. ;

Following evening. Animal normal.

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

! Very prolonged boiling, as has been shown by Fayrer and by Ward, lessens greatly, and at
last destroys toxicity in cobra venom. The efficient cobra peptone is, as we have seen, converted

into a coagulable albuminoid, which is then incapable of destroying life.
4 April, 1886.
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Experiment.—Boiled 0.015 gram dried Coral venom dissolved in 1 e. e. distilled

water.
Time of injeetion ?
5:45. Very weak.
6:00. Nearly dead.
6:10. Dead. No local effeets. Blood eoagulates perfeetly.

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 Crotalus durissus, and further work of our own led us
to believe that the want of toxicity of our boiled solntions was only apparent, and
that there was aceordingly a poisonons principle still present, but not in deadly
quantities. 'We therefore made some further observations, using larger amounts of
venom.

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

4:40. Injeeted into the breast museles of a pigeon.
6:10. No positive effeets.
Following morning. Dead, no characteristic loeal effeets.

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

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

Death within fourteen hours in both pigeons. There was some slight loeal effeet, but
nothing comparable to what is observed in the nnleated venom. There were no extravasa-
tions, and the blood was clotted. The stench from putrefaction at the points of injection
was very great, and the muscles around them presented a pale-grayish eolor as though they
had been boiled.

v

A like result was obtained in the case of another pigeon experimented on in the
same way.

From the above series of experiments it is perfectly elear 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 toxie constituents, as we shall hereafter have reason to observe.

Fayrer and Wall, as already noted, found that prolonged 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 adamanteus with analogous results,

Experiment.—0.03 gram of the dried venom of the Crotalus adamanteus 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.

I:56. Injection practised.
1:57. Weak.
2:00. Convulsions.

2:37. Since last observation has been lying on its side, very weak.
2:43. Dead.
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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 boeiled for one
hour, no symptoms occurred but vomiting. Both of these pigeons were watched
for three days, but in neither of them did any poisonous symptoms ensue.

The Efeets of Alcohol.—When alcohol is added to fresh venom or to an aqueous
solution of venom a copions white precipitate oceurs. The following experiments
were made to determine if the active principles were entirely precipitated by the
aleohol, and if the precipitate was poisonons,

Ezxperiment.—Fonr drops of the venom of the Crotalus adamanteus were placed
in 1 c. c. absolute aleohol. The preecipitate was filtered and washed with an addi-
tional amount of aleohol, the filtrate then being evaporated spoutaneously to 1 c. c.

The precipitate was placed in 1 c. 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 effect.

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 alcohol 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.

Laxperiment.—0.06 gram of dried Crotulus adamanteus was dissolved in 3 minims
of distilled water and this was added to 3 c. . absolute alcohol (Squbb’s) cansing 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 aleohol.

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.

5:10. Dead. There is exceedingly little local effcct. The tissues at point of injection
arc suffused wiih blood.
5:45. Blood still fluid.

To one-fourth of the filtrate one minum of acetic acid was added, which caused
the mixture to become clear.
4:41. Injected into a pigeon as above.
4:52. Roeking.
4:54. Down.

5:58. Dead. There is absolutely no local effect and there is no suffusion of blood in the
tissues as in the previous cxperiment.



28 THE VENOMS OF CERTAIN TIIANATOPIIDE A&.

To one-fourth of the filtrate a few crystals of sodic chloride were added, which
rendered the solution clear.

4:49. Injeeted as before.

4:55. Roeking.

4:58. Down.

5:57. Dead. The local effect is intense; great blackening and infiltration of fluid blood.

It will have been seen that even after snbjection for three days to the action of
absolute alcohol the venom has not lost its toxicity. It further appears that the
addition of acetic acid or sodic chloride, while rendering the undissolved material
soluble delays the time of death, and that the local effects of the poison are
destroyed by the acid and intensified by the sodic chloride. 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 nndissolved particles of precipitate carried through the filter.

It is interesting to learn whether alcohol dissolves any poisonous element of the
venom. In one of the above experiments the only effect following the injection
of the alcohol 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 using it in larger quantitics.

Experiment.—Dissolved 0.1 gram Cobra venom in two drops of distilled water,
and digested in 2.5 c. c. absolute alcohol for about ten days. The mixture was
then filtered, and the filtrate evaporated spontaneously to 3 of a c.c. 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.

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

(I.) 4:37. Injeeted into the breast of a pigeon the above filtrale—no symptoms.
(IL) 4:41. Injected the precipitale in a little water.
4:50. Dead.

Ezperiment.— Dissolved 0.03 gram Cobra in fen drops of distilled water and
added 1 c. c. absolute alcohol and filtered.
(I.) 5:00. Injected the filtrate as above.
5:30. Sick.

5:53. Unable to stand; extremely feeble.
5:556. Dead.

-
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(IL) 5:05. Injected the precipitate with water.
5:07%. 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
death 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 Aleohol wpon the Dried Venom.—If dried venom be
placed in ebsolute 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 poisonous
activity, nor docs it appear that the alcohol dissolves ount any of the poisonous
principles, since it is found to be innocuous after injection, and does not give any
reaction for proteids.

The Effect of the Caustic Alkalies on the Toxicity of Venoms. Caustie Potash.—
When caustic 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 diminntion in the activity of the poison, and
at last a complete loss of toxicity.

Experiment.—Dissolved 0.03 gram dried Crotalus ada?n(mteus venom in 1 e. c.
of distilled water iir which was p1ev10nsl) dissolved 0.0037 gram potassic hydlate

3;45. Injected into the breast of a pigeon.

4:48. Weak.

5:00. Unable to walk; 6:00 ditto.

6:30. Dead. Ileart arreﬂtcd in systole ; no ecchymoses; well- nnrkcd local effect ; blood
fluid at the end of sixteen hours.

Experiment.—The same as above, nsing 0.0075 gram potassic hydrate.
3:43. Injceted.
5:00. Weak.
6:00. Weaker; slight local effect.
Following morning. Animal living, but weak; the local effect is well marked.

Experiment.—The same, using 0.015 gram potassic hydrate.

3:47. Injected.

7:00. No symptoms up to this time.

7:30. Sickish. \

Following morning. Sickish; some slight local effect at point of injection.

Experiment.—The same, using 0.03 gram potassic hydrate.

3:50. Injected.
7:00. No symptoms up to this time.
Following morning. No symptoms; no local effcets.

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 snfficient quantity, produces a decided cffect 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 Crotalus 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..

Experiment.—Dissolved 0.015 gram Cobra venom in 0.5 c. 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 hiydrate 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 intravenous injection of 0.015 gram Crotalns venom
with 0.06 gram potassic hydrate in 1 c. c. 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 intravenonsly 0.015 gram of venom with
a similar amount of potassic hydrate, death occurred as promptly as with pure
venom; in fact rather carlier.

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 c. c. distilled water and added 0.015 gram potassic hydrate, then carefully
neutralized with acetic acid.

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

Experiment.—Dissolved 0.03 gram dried Crotalus adamanteus venom in 1 c. e.
distilled water and added 0.015 gram potassic hydrate, and then neutralized as above.

4:19. Injected as above.
4:55. Weak; breathing rapid.
6:20. Much weaker.

Following morning. Dead. Decided local effect; blood fluid and dark.
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Lxperiment.—The same, only using 0.0075 potassic hydrate.
4:53. Injected as before.
5:00 Weak; breathing deep.
5:10. Dying. i
5:18. Dead. Slight local effect; blood fluid 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 particularly marked with the venom of
the Crotelus 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 capable of destroying
or impairing toxicity without the occurrence of coagulation as a necessary event,

Eaxperiment.—Dissolved 0.015 gram of the venom of the Crotalus adamantews
in 1 c. e. distilled water and added 0.015 grain 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 solntion of venom was sub-
mitted was below the point at which serious imj.airment of the poisonous power
of the venom occurs, 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
gram of Crotalus adamantews venom, although the time of the occurrence of death
was considerably delayed.

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

Ezxperiment.—Dissolved 0.09 gram of Crotalus adwmantens 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 indicate 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
adamantenws 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 nnder ordinary
conditions. It is not at all improbable that the prolonged action of potassium
hydrate on solutions of venom may convert all of the globulins into alkali-albumins
and thus destroy their poisonous activity.

Sodie Hydrale.—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, Iu one experiment with the Crotulus adamanteus, nusing equal gunantities
(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
sodic hydrate were used the animal was rendered somewhat sick, but fully recovered.

In onc experiment with the venom of the Crotalus horridus, using equal quan-
tities (0.015 gram) of the venom and sodic hydrate, no poisonouns symptoms followed. -

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

Ezxperiment.—Dissolved 0.015 gram dry Cobra venom in 0.5 c. c. distilled water
and added 0.015 gram sodic hydrate.

4:08. Injected into the breast of a 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 + 0.06 gram
NaHO), no poisonons symptoms followed.!

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

Experiment.—Dissolved 0.03 gram dried venom in fwo minims agua ammonia
(20°) with 1 e. c. distilled water.

5:29. Injected into the breast munscles of a pigeon.
5:37. Unable to walk.
5:46. Convnlsions; death. The loeal lesions are decidedly lessened by the alkali.

Experiment.—The same, using siz minims aqua ammonia.
4:14. Injected as above.
6:00. No marked symptoms up to this time, excepting droopiness. The local effect is
slightly more marked than in No. 1.
Following morning the animal was dead.

In three other experiments in which eight minims of aqua ammonia were nsed
two of the animals were found dead the following morning and one recovered. In

' See Shortt. Wall, op. cit., p. 133. On the effects of alkalies and of permanganates, see Vincent
Richards, F.R.C.8. Ed., etc., op. cit.
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another experiment in which the alkali was neutralized by sulphuric acid, death
did not occur for fouwr hours.

In the first experiment, in which a very small amount of ammonia was used,
dcath 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 threc a more positive eftect was no doubt apparent in the fact that one of the
pigeons recovered. In the last experiment death did not occur for over four hours,
even after ncutralization of the alkali, indicating, as in the casc of the potassic
hydrate, that some permanent cffect had been exerted on the venom by the
ammonia.

Dotassium Carbonate.—Two experiments made with the venom of the Crofalus
adamanteus render it probable that the potassic carbonate docs not exert any
decided effect.

Lixperiment.—Dissolved 0.015 gram venom in 1 c. c. 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 appreciable local effect.

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

5:45. Down; observation now ceased.
Following morning found dead; slight local effect.

Nitric Aeid.—The powerful destructive action exerted by this acid on albumi-
noids snggests at once that it would in all likelihood completely destroy the poison-
ous propertics 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 insufliciency of acid used, as we
have clearly determined in our experiments.

Laperiment.—Dissolved 0.03 gram Crotalus adamanteus 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.
3:338. Convulsions, followed by death.

From this result it secmed 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 precipitatec followed. The filtrate was set aside, and the
precipitate on the filter washed with dilute nitric acid and then with water.

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

6:05. No symptoms exeept slight droopiness.

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

6:05. No symptowms.
Tollowing 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 a mortar and the acid added to it, and then diluted with water.

Ezperiment.—0.03 gram dried Crotalus venom was rubbed in a mortar until
powdered, and 4 gtt. C. I, nitric acid added. This formed a pasty mass of an
orange-yellow color. With 1 c.c. 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 injection.

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

Fxperiment.—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 c.ec.
distilled water it made a turbid solution.

3:44. Injected the above into the breast museles of a pigeon.
5:00. Very sick.
5:50. Necarly dead.

A Following morning dead; no loeal lesions from venom.

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

As in the series with nitric 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 c.ec. 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. 1

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

3:53. Injected as above,
5:50. Sickish.
Following morning dead; no loeal 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 poisonous properties of the venom, aud it is even more curious
that pure muriatic acid seems to be without effeet.

Acetic Acid.  Experinent.—Dissolved 0.02 dried venom (Crotalus adamanteus)
in 0.1 e¢. e. distilled water and added 3 minims of glacial acetie acid.

4:30. Injeeted into the breast of a pigeon.
4:37. Inecodrdination.
4:41. Dead.

Death oecurred in this experiment in such a short time that it was thonght that
the acid itself might have contributed to this end. We therefore made another
experiment in which the aeid was nentralized.

Laxperiment.—Prepared the venom as before, only neutralizing the solution with
sodic carbonate.

4:35. Injeeted into the breast of a pigeon.
5:10. Pigeon unable to stand.
5:15. Dead.

The result of this experiment indicates that the presence of the free acid aids
the toxie action of venom. _

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

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

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

2:49. Injected as above.
3:07. Roeking.
3:30. Dead; local effcets 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 mnch from that
noted in the previous experiment. Since the previous dilution of the acid before
mixing with the venom might have affceted its action a third experiment was
made in whieh the same quantity of acid was added, without dilution, to the
powdered venom.

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

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

5:10. Sickish. o

6:00. Siekish.

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 injected as above without any obvious effects following.

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 obvious effeets within twenty-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 substltutmo Cobra venom.

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

=~ 5:18. Sick; breathing difficult.
5:30. Breathing more difficult; convulsive movements; ineodrdination.
5:35. Dead.

Tannic Acid.—The action of tannic acid upon albuminoids is so decided that we
might confidently expect, since we find the poisonous 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 adu-
manteus we found comparatively little effect.

FExperiment.—Dissolved 0.03 gram dried venom in a little distilled water and
added 1.5 c. c. saturated solution of tannic acid.

3:35. Injected into the breast museles of a pigeon.
4:00. Droopy.
4:45. The same. Following morning dead.

It.will be observed that there is a great delay in the action of the venom, possi-
bly due to the powerful local constrictive action of the tannic 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 c. c. 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.

Ezperiment.—Dissolved 0.015 gram dried venom in 0.5 c. c. 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 caused precipita-
tion. The precipitate was filtered off, and the clear filtrate tested by the further
addition of alum to sce if any more precipitation would occur, 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:—

Faxperiment.—Dissolved 0.015 gram dried venom in 0.5 c. c. distilled water and
added alum to saturation (16° C.).

4:32. 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 powerfnl 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.

Lzperiment.—Dissolved 0.015 gram Crotalus adamanteus venom in 0.5 e. ¢. dis-
tilled water and added 0.5 e. ¢. fresh chlorine water.

4:28. Injeeted 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.

Faxperiment.—Powdered 0.015 gram dried Crotalus adamanteus venom in a
mortar and added 2 gtt. of bromine in 4 or 5 gtt. bromohydric acid, then added
0.5 c. c. alcohol.

5:05. Injected into the breast of a 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 alcohol. In both experiments we found a
similar result, thus proving that the activity of the venom 1s completely destroyed
by this reagent.

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

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

If, however, the amount of iodine be much smaller the venom is still potent, as
is shown by the following experiment.

Experiment.—Dissolved the venom as above, then added 1 drop tr. iodine and
afterwards 1 c. c. distilled water.

4:56. Injected into the breast of a pigeon.
5:05. Weak.
5:15. Dying.

lodine + Potassic lodide. Experiment.—Dissolved 0.015 gram dried venom of
Chrotalus adamanteus in 0.5 c. c. distilled water, then added a saturated solution of
equal purts of tr. iodine and potassic iodide.

4:41. . Injected the above into the flank of a small rabbit (half grown).
The animal died in about cighteen hours.



38" THE VENOMS OF CERTAIN THANATOPHIDE A&.

The delay in the ocenrrence 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.

Potassic lodide.—This salt does not seem to exert any influence upon the activity
of venom.

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

4:31. Injected into the breast of a pigeon.
4:40. Down.
4:45. Dead.

Potassie Bichromate.  Experiment.—Dissolved 0.03 gram dried Crotalus ada-

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

FEaxperiment.—Dissolved 0.004 gram dried venom in 0.5 e. e. distilled water and
added 0.03 gram potassic bichromate dissolved in 0.33 distilled water, which pro-
duced a dense coagulum.

3:38. Injected into the breast museles of a pigeon.
4:05. Dead.

Potassic Permanganate.  Experiment.—Dissolved 0.03 gram dried Crotalus
adamanteus venom in 0.5 c. c. distilled water and added 0.06 gram permanganate
i 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.

Faperiment.—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.

Experiment.—The same, using 0.005 gram of the permanganate. The solution
formed 1s a dark wine color.

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

Ezxperiment—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.

3:57. 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 unaffeeted.

In one observation made with the venom of the Crotalus horridus 0.015 gram
of venom was dissolved in 0.5 c. c. 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.
1t seems from this that the full extent of the action of the permanganate on the
venom is not exerted for some honrs.

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

FEaxperiment.—Dissolved 0.015 gram dried Cobra venom in 0.5 c. c. distilled water
and added 0.015 gram permanganate.

4:35. Injected into the breast muscles of a pigeon. No symptoms of venom poisoning
within twenty-four hours.

Perowide of Hydrogen.—Notwithstanding the powerful nature of the peroxide
of hydrogen as an oxidizer, it does not seem to affect to any great extent the
poisonons activity of venom. Only one experiment was made.

Faperiment.—Added 3 drops of fresh venom of the (rotalus adamantens to 3
c. 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. Unable to stand; decided local cffects appearing,
6:05. Dead, with all the nsual phenomena of venom poisoning.

The quantity of peroxide of hydrogen nused in this experiment was so large that
the test was a satisfactory one. 2 ‘

Argentic Natrate.— Notwithstanding the powerful action of nitrate of silver on
albuminoids it does not scem to possess great power to disturb the toxicity of
venom.

Laperiment.—Dissolved 0.015 gram of dried venom of Crotalus adamanteus in
3 ¢. c. distilled water, to which was afterwards added 0.015 gram uitrate 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 donble 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.

Mereurie Chloride—\When mercuric chloride is added to a solution of Crotalus
or Moccasin venom a dense precipitate oceurs, consisting of all the proteids in
solution. In order to learn if the precipitated proteids still retained any toxie
power we dissolved 0.03 gram of dried venom of the Crofalus adamanteus in 1
c. c. 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 scemed to diminish a little in quantity, and was no doubt
partially dissolved.

8:30. The precipitate in 1 c. e. distilled water was injected into the breast of a pigeon.
6:00. No symptoms np to this time.
Twenty-fonr hours—the animal showed no signs of venom poisoning.

Ferrous Sulphate—Three experiments were made with the sulphate of iron

with resnlts 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 muscles 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.

Eaxperiment.—Dissolved 0.03 gram dried venom of the Crotalus adamanteus in
1 c. c. 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 skin of the thigh of a pigeon.

6:00. No apparent effects.

Twenty-fonr hours—no effects. Thirty-six hours—dead. Slight loeal effects of venom,
but the destructive action of the iron salt on the tissues is mueh more prominent.

Experiment.—The same as above.

3:32. Injeeted info the breast muscles of a pigeon.
3:36. Convulsions; death. No local lesions.

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

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

Dialyzed Iron.—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 picric-acid tests. ‘The precipitate is brown, and
so gelatinous 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 toxic 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. c. 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 c. c. distilled water.

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

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

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

One experiment was made in this connection to see if dialyzed iron exerted
any poisonous effeet, we 1llJected thirty drops into the breast muscles of a pigeon,
without toxic result.

Ierric Clhloride.—We have used the chloride of iron in two forms; the officinal
tincture, U, S, 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 ncarly as efficient.

Experiment.—Dissolved 0.015 gram dried venom of the Crotalus adawmanteus in
0.5 c. c. 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.
5:00. No symptoms.

5:45. No symptoms.

Following morning—dead. No local 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:—

Laperiment.—Dissolved 0.015 gram dried venom of Crofalus adamanieus in 0.5
c. c. distilled water and added 4 gtt. liguor ferri chloridi. A heavy precipitate
fell.

4:45. Injected into the breast of a pigeon.
5:00. Very quiet.
6:00. No symptoms, and noac of venom poisoning within two days.

A similar experiment was made with identical results.

It one experiment with the venom of the Crotalus horridus, in which only two
drops of the liquor were used, the animal showed no evidences of poisoning; and
in four experiments made with the dried venom of the Moccasin, in which 0.015
gram of dried venom was used and cight, 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—thec 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 bird was shaky, and at the end of thrce hours
decidedly feeble, remaining pretty much in this condition until death.

About the point of injection the iron prodnced considerable hardening of the
tissues.

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

Ezxperiment.—Dissolved 0.015 gram dried Cobra venom in 0.5 c. c. distilled
water and added 2 drops liguor ferri chlor. A slight precipitate occurred in the
solution after a few moments.

3:47. Injected into the breast muscles of 2 pigeon.
4:15. Convulsions.
4:27. Dead.

Eaxperiment.—Dissolved 0.015 gram dried Cobra venom in 1 c. c. distilled water
and added 5 gtt. sol. perchloride of iron.

This was injected 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,
6 April, 1886.
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and, like that element in all the venoms, unaffected by the iron, while the prineipal
toxic effects of the Crotalus and Ancistrodon venoms is due to the globulins which
are precipitated and chemically altered by the iron salt.

Filtration through Various Substances.—Filtration through alumina or wood
charcoal 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.

Experimeni.—Dissolved 0.03 gram dried Moccasin venom in 2 c. e. distilled
water and filtered four times through animal ehareoal. ‘I'he filtrate gives no
proieid reaction.

4:20. Injected 1.5 e. e. of the filtrate into the breast of a pigeon. At the end of twenty-
four hours no symptoms of venom poisoning had oceurred, but there was some cedema at the
point of injection.

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

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

Eaxperiment.—Mixed 1} minims of fresh venom from a dead Crotalus adam-
anteus with 1 c. ¢. of bile from the same animal.

4:47. Injected into the breast of a pigeon.
4:47%. Ineobrdination.

4:50. Gasping respiration.

4:55. Convulsive movements.

4:56. Dead.

Digestion.—By 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 glycerine solution of venom (Crotalus horridus)
(1862) were digested for sixteen hours in about 1 c. c. fresh artificial gastric juice
from the pig’s stomach.-

8:30 A. M. Injeeted into the breast muscles of a pigeon. Up to the end of forty-cight
hours no poisonous symptoms ensued.

This experiment was repeated with an identical 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 glyeerine solution of venom as above—just double the dose—and in
the other 0.015 gram of the dried Crotalus adamanteus venom.

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

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

3:44. Injected into the breast museles of a pigeon.

5:45. Slightly droopy.
Following morning, no effects apparent.
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Résumé.—The above experiments, with others too numerous for detail, have
enabled ns 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
snalke poisons the best.

It is also clear from what we have seen that ferric 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 local antidote to the peptone which gives power
to the poison of the Cobra. The chloride needs to be locally used in full doses,
whence it is that the strong liquor ferri chloridi (U. S. 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. 1t was
used, as we have seen, either as hydrobromic or bromohydric acid. Probably any
solution of bromine would answer, and—as was shown by its free local nse to control
gangrene during our civil war—there need be no fear in using it with freedom.

1t has long been known in India that the strong alkalies destroy venom, and
this we are able to confirm. Brainerd long ago taught that iodine has destructive
value as regards Crotalus venom, and this also secms to us to be true.

In fact many agents more or less alter venoms if allowed to renain long in con-
tact with them, and nsually act with increased vigor as the temperature is raised
above that of the air; but it is chemically singular that brief exposnre of venoms
to strong acids should so little affect the toxicity of the poisons in question.
Except where otherwise distinctly stated, the chemicals nsed 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 arc not, and the more nnmerons 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 1IV.

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

The Effects of Venom when applied to Mucous 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 Crotalidae is that uninjured
mucous snrfaces, except in the Inngs, cannot absorb venom, at least in sufficient
quantities to prodnce death. In experiments with the venom of the Cobra other
investigators 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 craw by means of an aesophageal tube, six showed no evidences of
poisoning and one died. In these experiments the cesophageal 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. .

FExperiment.—Dissolved 0.025 gram dried Cobra (Naja trip.) in about 1 c. e.
distilled water, and placed it in the crop of a pigeon by means of an csophageal
tnbe. 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,

Eaxperiment.—Dissolved 0.013 gram dried Cobra (Naja #rip.) in about 1 e. e.
distilled water and gave to a pigeon, as above, at 4:00 r. ». 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 fonnd 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 cracked
corn and a small amount of yellowish flnid.

In another pigeon, etherized, an opening was made through the skln into the
craw, and its contents washed ont. "The pigeon was kept on its back and the
edges of the wound were held up by retractors. A solution of venom was placed
in the cul-de-sac on the left side and the animal watched. In a half hour the
bird had convnlsive seizures, and at the end of forty minntes was dead. At that
time there seemed to be about the same quantity of venom solution in the crop as
before. It 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 membranc was wrinkled and raised in points like the surface of a mul-
berry. DBy stretching the mucous membrane this roughuess disappeared. After
death it increased somewhat. There was no cedema.

Laxperiment.—0.01 gram of dried Cobra dissolved in a little water was given to
a frog by an csophageal 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 cyanotic appearance and the animal was perfectly
flaccid. *© The heart was still irritable as well as the intestines. The stomach con-
tained a viscid mass of mucus, which was not bloody, and which was expelled from
the stomach by the normal contractility when the organ was cut. 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 seemed 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
through the mucous surface covered by the poison, sufficed to let in death.

It scems possible that minute ulcers or abrasions, quite invisible to the eye,
might, in like manner, cnable the venom in some cases to pass the barrier of the
intestinal mucous 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 case 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 Surfaces.—One of the most
remarkable and intercsting of the physiological cffects produced by the venom of
the Crotalus is the occurrence of ecchymoses, espeeially in the serous tissnes, The
character of these ccchymoses is fully treated in another part of the work, so that
we need here only detail some of our observations in connection with the direct
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 peritoneum were placed a few small particles of the dried
venom of the Crotalus adamanteus. In two or three minutes some extravasations
appearcd immediately about the point of the application of the venom; a few
moments later these extravasations were diffused over a considerable area 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 can literally be seen to grow under
the eye. Another portion of the intestine was exposed, and upon the peritoncum
was placed a very small portion of the glycerine solution of venom (p