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Poisonous Reptiles.

Delphinium or Larkspur (fam. Ranun [!?.e’fl.e‘f:dff’)i ._.rf-h.e
general subject of larkspur, as to (?(‘LIS'}IIT:I;ACII‘ES?I!'(: ‘«lf,’]\l—
ity, has been considered under the title of Btavesacre hf,g( :
S0 well known a garden flower scarcely requires desu]lp-
tion. The accompanying illustration of D. .f,r‘?vj? wouny, 1,11(3
tall larkspur, often miscalled aconite, g{}'es‘;gfuﬁlmgntj
good idea of the genus in general (see Fig. 3860). _Some
of the species are larger, many much smaller. The flow-
ers are usually of some shade of blue, sometimes pur-

: ini aic s thi ral size.) (After
FiG. 3860.—Delphinium glaucum. (One-third natura
Ulnited States Department of Agriculture.)

plish. Many species abound in the grazing regions of
Western North America, and they are much dreaded as
stock poisons by herders, though the poisoning of h%in?-n
beings is not recorded, and is not likely to occur. 1ese
poisons are to be classed partly with aconite, to a lesser
extent with stavesacre, as to the nature of their eflects.
The symptoms are muscular incotrdination, m_:m't.m- pa-
ralysis, beginning at the posterior extremities, g_llo.at car-
diac and arterial weakness, and hy persensitive skin, with
the special senses not affected. Convulsgive tmn_mrs_._espe-
cially of the posterior limbs, come on e.fu"]‘\-' and are f(;_lf
lowed by convulsions which increase in violence, a_ml in
one of which the animal usually dies. Death appears to
be due chiefly to failure of the circulation. Atropine has
been found a fairly good antidote, and potassium per-
manganate has also been found useful. Sy
Loeo Weeds (fam. Leguminose).—Although poisoning
by this famous group is confined practically 1-<_?'_Sl.iif:1i,
especially horses and sheep, yet no article on poisonous
plants could be considered complete without 1':91(\.1'(511&“.‘ to
it, particularly as it represents a very large and varied
class of leguminous poisons which more or less affect the
human system as well. The loco weeds pertain to _i.he
two genera Astragalus and A ragalus (Ozytropds), and

growing mostly in tufts or hummocks, with a dense ro-
sette of radical leaves and papilionaceous, mostly purple
or purplish flowers in spikes or racemes. The leaves are
elongated and pinnate, the leaflets mostly numerous and
more or less oblong or varying from ovate to obovate.
The fruits are constructed like small pea pods, the seeds
mostly resembling small peas and often rattling loosely
in the dry pod. The herbage is without disagreeable
taste. Animals are not naturally disposed to eat it; but
having once done so, in case of scarcity of other food,
they become ravenously fond of it and forsake all else in
order to eat it. The poisonous constituents are not
known, though great efforts have been made to isolate
them. All indications point to their being of the nature
of toxalbumins. Whatever they are they are excrefed
in the milk of the mother, since suckling lambs are fre-
quently fatally poisoned together with the mother. Poi-
soning” may be either acute or chronie, the latter being
much more common. The symptoms are chiefly cere-
bral. There are incodrdination and remarkable disorders
of vision, though rarely blindness, and this usually in
acute poisoning. The effect upon the vision seems to be
that of causing objects to appear distorted. A similar
effect upon hearing is observed. There are great and
progressive disorders of nutrition, and theseare especially
referable to the skin and its appendages, sheep frequently
losing the whole or part of their fleece and the teeth
becoming loosened. Death, in cases of long duration, is
usually from malnutrition. Very often the animal dies
as a result of accidents, incurred either through frenzy
or through weakness incident to the poisoning, such as
falling into the water while drinking, and being unable
to rise again. There is no known treatment for this form
of poisoning other than to remove the cause and apply
general restorative treatment.
Henry H. Rusby.

POISONOUS REPTILES.—AIl poisonousreptiles, with
the single exception of the lizard Heloderma, belong to
the order Ophidia—snakes. It is a popular error that
snakes are easily divided into harmless and poisonous
ones by readily recognized characteristics. Such divi-
sion, however, is by no means a simple affair. The usual
classification into Colubride—comprising all harmless
snakes,—Colubridse venenose, and Viperidse indicates the
close anatomical relationship between harmless and veno-
mous snakes, and in external appearance mimicry is so
frequently displayed that no one at a hasty glance is
dble to distinguish a harmless snake from its venomous
relation. Thus, even experts have been subject to fatal
mistakes. Indeed, nothing but a close inspection of the
dentition can determine the nature of a specimen in ques-
tion.

Distribution of Snakes.—Itis but natural that the popu-
lar mind and imagination should have been occupied
since time immemorial with poisonous snakes. The fre-
quent and almost mysterious deathsafter snake-bite have
surrounded the whole class with a halo of fear and rever-
ence which has not been confined to a few localities, but,
in fact, has spread throughout the whele inhabited world,
for poisonous snakes are found in all countries of the
temperate, and more go, of the tropical zone. Numerous
genera of the Hydrophids, elegant swimmers with a later-
ally compressed tail, swarm throughout the whole inter-
tropical part of the Pacific Ocean. Their bite is justly
dreaded. The tropical islands, however, and the tropi-
cal countries of the old continent are haunted by the
worst kind of snakes, the Elapide. A large number of
genera and innumerable types of every genus render
parts of those countries, and especially of the islands,
almost uninhabitable. The chief representatives of thig
genus are the Cobra di eapello (Naja tripudians) and the
somewhat smaller, though not less dangerous Krait (Bun-
garus fasciatus), both living throughout the whole of
East India. The most formidable is the King-Cobra or
Hamadryas (Ophiophagus elaps), the largest of all poi-
sonous snakes; it attains the length of fourteen feet and

knowledge as to their specific identity is in a number of
casesindefinite and uncertain. They are perennial herbs,
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it alone enjoys the reputation of attacking and even pur-

suing man, Its nearest relative, the Aspis of Cleopatra
(Naja haje), the symbol of the Egyptian kings, lives
throughout almost the whole of Africa. In the Western
world this genus is represented by the beautiful coral
snakes alone; one of them, Elaps fulvius, lives in our
Southern States, where it is little feared on account of
its alleged good nafure, or rather its lack of irritability ;
its poison is, however, as active as that of its East Indian
er. Snakes are very numerous in Australia.
thirds of these are poisonous, and they belong ex-
clusively to the family Elapide; the Tiger snake (Hop-
locephalus curtus) and the black snake (Pseudechis
porphyriacus) have a fearful reputation. Kurope has
none but various species of vipers:; the well-known eom-
mon viper (Pelias berus) lives in England, Germany, and
chietly in France. In the departments of Vendée and
Loire Inférieure alone were reported 821 cases of bites
with 62 deaths in six years, in Auvergne 14 cases with 6
deaths; in the South around the Mediterranean the more
dreaded sand viper (Vipera ammodytes) is found. East
India again has one of the most formidable vipers, the
chain viper (Daboia Russelii), and in Africa there is the
sluggish but very poisonous pull-adder (Clotho arietans).
The greatest number of species of vipers are found in
America, all of them belonging to the sub-family of the
Crotalide or pit-vipers, so called from a deep pit lying
between the nostril and the eye.®
The chief representatives of the pit vipers in the United
States are the raftlesnakes. The banded rattlesnake
(Crotalus horridus) is present throughout the whole terri-
tory from the Atlantic to the Rocky Mountains and far
into Canada. Of the remaining gix species of rattle-
snakes we have to note the largest of all North American
snakes—the diamond hback (Crotalus adamanteus) of
Florida and the South, and the swift prairie rattler (Cro-
talus confluentus) in the Mi ippi Valley, and in the
great Western basin; finally the smallest of all, the mas-
sasauga or ground-rattler. To the same sub-family be-
long the Southern water-snakes, the moceasin (Ankistro-
don piscivorus)—animals so sluggish that they do not try
to escape from an approaching man, and hence are not a
little dreaded by the negroes working in the rice-fields;
and finally, the beautiful copper head (Ankistrodon con-
tortrix), which is not at all rare in the whole East—in
fact, lives almost in the same expanse as the banded rat-
tlesnake! In the Tropics almost all species grow to a
largersize; thusthe copper head isrepeated in the larger
Jer de lance (Bothrops lanceolatus) of the West Indies;
the rattlesnakes of Central America grow larger, as does

F1, 3861,—Head of Rattlesnake.

the Crotalus durissus; and in the Orinoco Valley there
lives the bushmaster of the Dutch settlers (Lachesis mu-
tus), about as large as the Hamadryas of India.

_ *The object of this pit, which sinks into a cavity of the maxilla—as
it were, a reversed maxillary sinus—is unknown. Leydig calls it the
seat of a sixth sense, which means nothing else but that he has no ex-
E{lalllElTTOIl. t closer inspection I found the bottom of the pit not
lined, but overspread by a thin membrane, the continuation of the
external integument. Under this membrane, showing abundant
ramifications of nerves, we find a cavity which opens by a duct at the
anterior margin of the orbit. According to the careful investigations
of Dr. Pollitzer, who followed it up by serial sections, the nerve con-
nects with the auditory nerve. Prieking or any other irritation did
not produce any reaction, nor did the destruction of one or hoth mem-
branes have any effect upon the movements or the hearing of the
snake. The hearing capacity of snakes is still a mooted subjeet with

authorities in natural history.
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Poison, Apparatus.—Snakes are provided with numer-
ous teeth—solid, pointed, recurved hooks, which serve
rather to drag the prey down into the cesophagus than
for purposes of at-
tack and defence.
While the teeth
stand in a single
row along either
branch of the man-
dibula, they seem
to be almost indis-
criminately scat-
teredall over the
maxilla and palate; F1G. 8862.—Skull of Harmless Snake.
nevertheless, two
rows of larger maxillary with two nearly parallel rows
of palatine teeth arereadily distinguished. These are the
functionary teeth which, after being shed,—a frequent

t‘?‘q'\';\‘-.\i LT

| occurrence,—are replaced by the numerous succedaneous

teeth scattered throughout the mucous membrane of the
palate. A poisonous snake exhibits the same arrange-
ment of palatine teeth. Almost the entire row of maxil-
lary teeth, however, is wanting, and its strength, as it
were, is concentrated

into one powertul

tooth, the poison fang,

which projects at the

anterior end of the

maxilla. It is true, we

often find two or three

teeth at this point;

F16. 3863.—8kull of Cobra (Elaps).  these are the functional
fangs with one or two

succedaneous ones which replace the primary funetionary
whenever lost by accident orshedding. Only the Elapide
exhibit one or two ordinary conical teeth which are situ-
ated directly behind the grooved fang. The fangs are in
all cases firmly inserted in the maxilla, immovable, al-
most erect, in one family, the Colubridse venenoss (com-
prising the cobras and hydrophids); in the Viperide,
however (including the true vipers and pit-vipers), the

FIG. 3864.—Skull of Rattlesnake.

movable fangs are only erected for biting, and otherwise
in the resting they are folded back toward the palate like
the blade of a pocket-knife in a plica of mucous mem-
brane. The maxilla of the Colubrides venenos# is rather
elongated and horizontal like that of the harmless snakes,
but it is considerably shortened and placed almost verti-
cally in the vipers. This short jaw bone, bearing at its
lower end the firmly socketed fang, articulates at its up-
per end with
the lachrymal
bone, around
which it ro-
tates by the
action of the
pterygoid
muscle.

Some writers
are of the opin-
ion that, by
looking at a wound inflicted by a snake, the species of
the animal can be ascertained, and from the foregoing
description it can readily be understood how from the

Fi1G. 3865.—Head of Cobra.
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accompanying figures the bite of a harmless or peisonous
snake could be determined. We must, however, bear in
mind that a snake, while biting, very seldom implants
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Fia. 3866.—Impression of the Teeth of A, harmless snake; B, cobra;
C, viper. f, fang; m, maxillary; p, palatine; pf, pterygoid teeth.

all its teeth, and a wound scratched sideways by a glid-
ing fang may be more dangerous than the impression of
the whole dentition.

Another classification is sometimes made by dividing
the venomous snakes according to the shape of their
fangs, whether they carry short,”cone-shaped, furrowed
fangs or long, pointed, tubular ones. This condition is
brought about developmentally in the first instance by
the folding of the dentine which leaves a longitudinal
furrow with an indication of a perforation at the upper
and lower end along the anterior surface; and in the sec-
ond by a complete approximation which produces a per-
fect tube. The pulp cavity is entirely separated from
the poison canal. To the first class. the Proteroglypha,
belong the Hydrophids and Elapidse, or cobras; the lat-
ter elass, the Solenoglypha, comprises the vipers and pit-
vipers. Theintensity of a poisonous bite isnot dependent
upon the shape of the fangs, except that a longer tooth,
such as that of the viperine snales, is capable of inject-
ing the poison to a greater depth; indeed, the viperine
poison apparatus is the most perfect of any in the veno-
mous snakes.

There is a third class of poisonous serpents, the so-
called Opisthoglypha, the furrowed fangs of which, as
the name indicates, are situated toward the rear of the
mouth. Tt has long been doubted whether they should
be classed among the poisoners, and for this reason they
were grouped under the name of “suspecti.” Recent in-
vestigations, however, have proven to a certainty that
they also poison their prey, which mostly consists of
small, cold-blooded animals. Catching them first with

the innocuous front
teeth, they push them
gradually baekward
into the reach of the
poison in the back
teeth, to the action of
which they soon sue-
cumb.

The poison gland
completes the poison
apparatus; the former

e e s e e e G

Ig‘ I-‘n;fg 0:' Jkénf é:(?l)l"éi‘. ‘el'xn:e‘r}) feet with (31111'0-1' side ()_i the

long (natural size, 8 mm. in length) ; skull, directly below

b, the same f‘lﬂg'g?;i“ﬁV'd}i‘uigj%i: ¢ and behind the eye,

%‘1;101?;‘ cnsfei")'g]‘;:;ﬁrs (b cabitaa, s, 0 18 under the in-

in Tength) ; e. the same enlarged (3 fluence of the different

diam.); f, front view : g, crosssection. portions of the tempo-
ral muscle. The but-

ton-, tube-, or almond-shaped glands taper to a narrow
anterior duct, which carries the secretion of the gland
to the base of the fang and is provided with a sphine-
ter muscle, so that the snake is able to retain the poison
at will, and, indeed, may do so for months. The extra-
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ordinary development of the glands, as in the Crota-
lids, gives to the head that triangular shape which was
erroneously considered the characteristic of all poisonous
snakes, and which gave to some species the name Tri-
gonocephalus. The elongated glands of the Ethiopian
snake Causus rhombeatus extend under the skin on both
sides of the spine to the extent of one-sixth of the body’s
length, while in the East Indian Callophis they reach
from the head into the abdominal cavity abonf one-
third of the total length of the body. In spite of these
abnormities the poison gland must be considered physi-
ologically as the homologue of the mammalian parotid ;
the latter is the only one of the salivary glands which
produces an albuminous secretion. It is anatomically of
great interest that even in harmless snakes the beginning
of a poison gland can be traced. It waslong known that
a part of the supralabial gland—the yellow portion (Du-
vernoy, Schlegel, Leydig)—is easily separable from the
rest; it has not only a duet of its ownwhich in the “sus-
pecti ? leads to the posterior grooved tooth, but it also
possesses n histological structure differing from that of
the supralabial gland. Undoubtedly, this yellow por-
tion of the innocuous snakes is the analogue of the poison
gland; even its agueous extract has been shown to be
poisonous to small animals (Blanchard). The structure
of the poison gland isthat of a compound racemose gland
with elongated acini; the glandular substance has colum-
nar, the duet pavement epithelium.

Description of Venom.—The secretion of the other sal-
ivary glands and of the mouth is alkaline, while the
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Fic. 8868.—Solenoglypha; Viperidee. a, Fang of banded rattlesnake,
three feet long (natural size); b, fang of diamond-back rattlesnake,
gix feet long (natural size); ¢, the same enlarged (2 dinm.); d, front
view of the latter ; ¢, eross section.

poison is always acid. The color of the latter varies
from a light straw or greenish-yellow to a deep orange.
The viscous fluid, either clear or turbid (bitter in Naja)
is not odorless as often asserted; it has a specific smell
for every species, which is not easy to deseribe, but easy
to recognize. Thus the odor of crotalus poison may be
called “mousy ”; that of the fer de lanceis said to resem-
ble the odor of fresh salt water. Its specific gravity va-
ries from 1.080 to 1.077; the solids are variously stated
ag from twelve tosixty-seven per cent.; my own samples
are mostly dried down to twenty-five or twenty per cent.
of the original weight. The dry poison cracks on scaly
transiucent chips of a light yellow or deep brown color
and also has a characteristic odor. Fresh poison under

| the mieroscope shows nothing but a few scaly epithelia

and a number of finely granulated, amorphous, albu-
minoid masses, which undergo no change in a hanging
drop, even after a long while. If was often, and even is
to-day, asserted that bacteria or coeci exist.in the poison.
After thoroughly sterilizing the collecting apparatus I
wasg not able to see theleast sign of bacterial life in broth
or gelatin cultures of the fresh poison; also in acid media
in which the experiments were repeated no trace of life
was to be found. In order to determine whether the
poisen, which itself destroyslife, might for that reason be

free from microbes, I mixed fresh poison with B. subftilis

and B. coli for one-half hour and then inoculated it on
gelatin. The growth was lively, even more so than in
the control plates, probably because the: gelatin was ligue-
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fied' 4t tlie points of contact with the poison.® A Dae-
terial action, therefore, cannot be'assumed : the rapidity
alone with' which the poison acts in the system would ex-
clude bacterial influence.

Clemistry of the Venom.—The first chemieal analysis
was made in' 1843 by Prinee Lucien Bonaparte, who es-
tablished the proteid nature of viper poison and called
the poison “viperin.” Almost twenty years: later (1861)
Weir Mitchell found a similar proteid in crotalus poison,
which he named “crotalin:”  Other investigators claimed
to'have found'alkaloids or ptomaing, when Weir Miteliell,
associated with Reichert, published in: 1883 the re-
sults of their studies, thut tlie active principle of
snake poisen was' of an albumineid nature; but
instead' of one ingredient they had' discovered
two! One’ of them, easily dialyzable and not
coagulable by heat, was called' venom' peptone;
the other, not dialyzable but coagulable by heat,
venom globulin. The' proportions' of both were:
not alike in cobras and' eroftalus poison; ¢éven
among the Crotalide they found wide differences.

Tlius cobra poisen had 98 per cent. of peptone
and 2 per centt: of globulin; but moceasin venom
had 92" per cent. of peptone and 8 per cent. of

Poisonous Heptiles,

toxicity when redissolved.®* Tt i the more or less' evi-
dent edpability of chemicals-to coagulate proteids which
determines their reélative power of destroying the effi-
cacy of venoms, when they are mixed with the poison

globulin, diamond-back only 75 per cent. of pep- Fic. 8870.—Head of Crotalus: «, Poison gland; o, poison! duct'with sphincter
tone and 25 per cent. of globuiin. Besides the Musele; b, d, portions of temporal musele; f, plica of mueous membrane.

proteid there arve a doloring substance, several
salts, and somte’ fat. DMiteliell’s report was mainly cor-
roborated in 1886 by Wolfenden, who discovered globu-
lin' and' several albuming in variable proportion in' the
poison of cobra and daboia; one of the latter he desig-
nated serum albuming the ofher, corresponding to Mit-
chell’s peptone, syntonin, or albumose. Kanthaek’s an-
alyses likewise demonstrated the presence of a proto-and
hetéroalbumose’ i’ cobra’ poison. Martin and MeGar-
vey Smith found a harmless albumin and two very toxic
albumoses in the poisoti of tlie Australian snakes. It
mity be assertéd that in no instance; up to tlie present
time, has-a definitive analysis of any poison: been worked
out’; but all investigations centre in this one' fact, that
the'active principle‘in all'snake’ poisens is some form of

albumose. ¢

Although' probably both of Weir Mitehell’s bodies are
albumoses; we may still, in default of accurate analyses,
use' the convenient terms venom peptone and venom
globulin in'eur further discussion.. Not only do the vari-
ous-poisons differ in'the percentage of peptone and globu-
lin, but alse in the toxicity of the constituents themselves.
The venoms retain their efficacy for long periods of time
under suitable conditions. Poison, when dried or mixed
with glycerin, has proved itself as active asfresh poison;
even dfter a' lapse of twenty-two' and twenty years re-
spectively. Pulrefaction de-
% ?im‘\'s it after a 11(_:1.15_{F time;
= i reezing, continued throurzh
?Rﬁbﬂa weeks, does not alter it, but it
s is' soon changed by heating
S=TUC G M=o . when the temperature is raised
= : to different heights, according
F 1{;;_’iS’?ﬁi’9}5’.;%393;"111‘3‘1,1‘;{E{‘)‘ﬁz to the different chemical com-
belonging to the Opistho- Dosition.  The globulins are
glypha. a, Poison gland; rendered’ innocuous’ at 80° C.
b,-supralabial gland. after fifteen minutes; wlile the
peptones are destroyed only Dy
applying higher'temperatures for hours: Tlie coagulated
proteids are inert in this state, but tliey’ regain their

_® Experiments with sterile gnake poison have demonstrated that it
ligueres latin like some’ di ive ferments, e.q., ti in.  Wehlr-
manni indsthat'it peptonizes fibrin weakly and does not'clarify dmy-
lum.  Flexner states that in agar culturé of B. anthraecis: 13 coli; and
B. typhi the bacteria underwent rapid involution. My own numerous
observations: recorded above, do not' contlrm this view.

TS well known that albumoses;.the produets'of the hydration of
albumin,. formerly called propeptones and' aceurately defined by
Kithne and Chittenden in 1884, differ widely as to their toxieify.
‘While onr modérn means do not allow yvet's ¢hemical differentiation
of tho Tbamoses-which ‘aré generated by superheated steam; by gas-
trie digestion, by bacilli. or—as in our case—by the parenchyma cell of
a gland, the varying reaetion of the more sensitive living organisin

‘toward them demonstrates decisively their different nature.

in'a test tube: for experimental purposes. Alcohol ren-
ders /it inert for a'time only. Absolute dlcoliol seems! to
coagulate all poisenous’ ingredients; but the presence of
an‘infinitesimal part of water is suflicient to retain the
toxicity of the supernatant fluid. Poisonous serpents,
when preserved in aleohol, have to'be handled, even af-
ter yedars, with the greatest care; as hias been demon-
strated’ by a  fatal accident to an dssistant in the St.
Petersburg Museum.

Physiological Effectsi—Absorption of venom fron’ con-
nective tissue, whether introduced' by hypodermie in-
jection or by the bite of a snake, tukes place throught
the blood-vessels; more rapidly when the blood-vessel is
wounded directly. BSerous membranes absorb it very
readily. It resorption tlirough mucous membranes va-
rigs; rattlesnake venom seems not to beabsorbed in this
way ; cobra venem, however, passes througl' the ileum
and conjunctiva, but/ not through the stomach and rec-
tum. Gastric juice and bile do not affect it, but the pan-
creatic secretion destroys iti.  The resulting complex of
symptoms varies partly on account of the varying ra-
pidity of abserption, but more so becauseof the differcnee
in' the nature of the several venonis.

The' physiological effects of both ingredients named,
whenever they are tested separdately in animals, are
widely different.. The peptone, though causing some
local’ cedema, is more’ produective of general nervous
symptoms, which, commencing as' irfitation, twitching,
and’ convulsions, finally end in' paralysis; paralysis of
the respiratory centre is especially charaeteristic. The
globulin, on'the contrary, incites'a violent local reaction:
with hemorrhagesaround!the point of injection, hiemor:
rhages of the mucous membranes, and destiietion of the
coagulability of the blood. Phe latter plienomenon re:
calls to'us the results of experiments petformed on ani
mals with pure peptones and albumoses of’ digestion;:
these excife not only characteéristic hemoitrhag
neeroses; but also paralyses; the intensity of which isin
correspondence with the higher hydrolysis of the albu-
moses. And’ thus, to go one gtep farther: #ll the symp-
toms produced by snake venoms classify them distinetly
among the toxins, especially those of bacterial origin.

SvarproyaToroey. —Erom: tlie foregoing' remarks it
will be perceived that different cases of snake poisoning
cannot have an identical course, and thiat' tlie numerous
contradictions of the mostly incomplete records of snake-
bites are to be explained only when we consider each

* Recent advices of researches going on-dn Germany assure me that
fhe toxic principle does not belong. to the albumoses, in fact, that it

is Mot at'all of'a proteid nature.
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type of poisoning separately. Leaving aside the cases
of almost instantancous death which are due to general
thrombosis, especially when the venom has been acciden-
tally injected into a large blood-vessel, we have first to
make a distinction between the two great classes of
snakes, the colubrines and the vipers.

To illustrate the first class, let us briefly deseribe the
effects of a cobra bite: two small, searcely visible punct-
ures in the skin are found, whence radiates a burning
and stinging pain with gradually extending moderate
cedema. Within an hour, on an average, the first con-
stitutional symptomsappear—a pronounced vertigo, like
that of drunkenness, quickly followed by weakness of
the legs, which is increaseed to paraplegia, ptosis, falling
of the lower jaw with paralysis of the tongue and epi-
glottis, inability to spealk and swallow, with fully pre-
gerved sensorium. A mass of viscous, frothy saliva is
constantly dribbling from the open mouth; nauses and
vomiting set in; the paralysis becomes general, the pa-
tient lies motionless. The pulse, a little accelerated, is
somewhat weaker in the beginuning, but keeps a moder-
ate strength until even a few minttes after the cessation
of respiration, The latter, also accelerated in the begin-
ning, soon becomes slower, labored, and more and more
superficial, until it dies out almost imperceptibly. The
pupils, somewhat contracted, react up to the last mo-
ment. Slight convulsions, which we are accustomed fo
see in asphyxia, sometimes occur shortly before death.
Absorption i3 exceedingly rapid; already after thirty
geconds a distinet areola is visible around the bite.
Death occurs at the latest within fifteen hours, in thirty-
two per cent. in the first three hours. When the pa-
tients do not die of paralysis, they recover remarkably
guickly and without later consequences. The autopsy
reveals no changes in the skin at the point of injection;
the subcutaneous tissue, however, is thickly infiltrated
with reddish serum; the surrounding blood-vessels are
congested. All the internal organs are congested, and
the bronchi are filled with frothy mucus and perhaps
with fluids which have been forced into the patient's
throat. The blood is mostly liquid and dark.

Viper.—After the bite of a viper, e.g., a rattlesnake,
the local disturbance is most pronounced; violent pains
at the bleeding wound, hemorrhagic discoloration of its
surroundings, and later also of more distant parts;
bloody exudations on all the mucous membranes (nose,
mouth, conjunctiva), and hematuria or rather heemoglo-
binuria. Usually, somewhat later than after cobra
poisoning, but possibly within fifteen minutes, constitu-
tional symptoms develop, viz., great prostration with
pausea and vomiting. A continuous fall of blood pressure
is noticed. Respiration, in the beginning accelerated,
grows slow and stertorous. After a temporary increase
of reflexes, which in susceptible animals and after large
doses may rise to convulsions, opisthotonos, and tetanus,
paresis supervenes, with paraplegia of the lower ex-
tremities, which progresses in an upward direction, end-
ing in complete paralysis. Albuminuria appears after
about six hours. In such a condition death may result
inside of twelve hours. If the patient recovers from the
paralysis. a septic fever may develop in consequence of
the enormous and multiple hemorrhages, to which he
may succumb after a lapse of time. Eventual recovery
sets in very suddenly, even in the most desperate cases.
Not rarely, however, there remain suppurating gangren-
ous wounds which granulate poorly, break open repeat-
edly, and may lead later on to a deep necrosis, even of
the bones.

The effect of the bite of the tropical vipers, especially
the BEast Indian Daboia Russelii, is undoubtedly more
pronounced and violent. Sanious discharges from all
mucous membranes are prominent features; such hemor-
rhagic extravasations from lungs and bowels may persist
even during recovery. Albuminuria is never missed;
even hmmaturia is observed as a rule. The autopsy
shows a deep bloody infiltration at the bite, down into
the necrotic muscles, hemorrhages of distant muscles,
particularly of the intercostals; all serous membranes,
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chiefly the endocardium and the peritoneum, are com-
pletely covered by countless ecchymoses of all sizes; the
lungs show subpleural ecchymoses and infarctions; the
kidneys are hemorrhagic in the glomeruli and pelvis, and
there is cloudy swelling of the epithelium of the cana-
liculi. Hemorrhages have been observed also in the se-
rosa and in the substance of the central nervous system.
The blood is fluid and does not clot, even after a long
time.

A disproportionate swelling is to be noted in poisoning
by the European viper; it sometimes extends over the
whole body. The poison of the African viper, the puft-
adder, acts in a stupefying manner from the very begin-
ning: the animal stricken stands without motion or
reaction as if the whole cerebral cortex were eliminated ;
complete sensory and motor paraplegia ascends gradually
with sharply defined limits.

The Australian snakes occupy an intermediate position
between the two types just described, for, besides a
prominent cobra effect, they produce moderate hemor-
rhage and always hemoglobinuria.

Wall relates a peculiar variation after the bite of the
East Indian Bungarus fasciatus. Some cases cannot be
distinguished from the acute cobra poisoning, yet in
others a certain ehronicity of symptoms is seen which
can be compared only to the incubation period of infec-
tions diseas From two to six days may have elapsed
after the bite without any symptoms, when unexpectedly
a general debility sets in with albuminuria and a sanious
discharge from the eyes, nose, and rectum. The patient
invariably succumbs within a short time.

An interesting incident is the periodical relapse of
inflammation and suppuration which is said to occur
mostly annually, almost to the day of the first injury.
The cases reported are too numerous, and have been ob-
served by too good authorities, to admit of a doubt.
While in some instances there appeared only a sealy or
vesicular eruption of the skin, in others a suppurating
inflammation set in, e.g., with regular loss of a nail. All
the cases on record are from the United States and in-
clude all species of snakes—copperhead, rattlesnakes,
and Elaps. They have been watched forsix, ten, twelve,
and even eighteen successive years. Perhaps the best
authenticated case is that of a draughtsman of the Smith-
sonian Institution, who, according to Yarrow and Stej-
neger, for ten years had the same inflammation of the
finger, bitten by an Elaps, almost to the date of the
accident. A cure was finally effected by the use of the
South American herb, Micania guacho.

To use for comparison a well-known and familiar com-
plex of symptoms, we might call the sequelr of a cobra
bite an acute bulbar paralysis of the most furious and
vehement type. Likewise, for the second type, that of
viper poisoning, an analogy is found in acule ascendiig
spinal paralysis, the last stage of which exhibits alike
bulbar symptoms and inhibition of respiration. It
should be remembered that the common ascending spinal
paralysis is also ascribed to an infection. Yet, whereas
in the two diseases named, the development of the ner-
vous symptoms is very slow and gradual, and they may
take years or at least weeks to advance to a fatal exitus,
in snake poisoning the effect is almost instantaneous. It
may, therefore, be considered firmly established that
snake venoms affect the motor ganglia of the anterior
horns and chiefly the medulla oblongata, exercising a se-
lective influence upon the adjacent centres of respiration
and deglutition. There exist records of a few accurate
microscopic examinations of all organs after snake poi-
soning (Nowak). In general they resemble the changes
which we are wont to find in all kinds of poisoning of
whatever origin, especially by the toxins of zymotic dis-
eases—e.g., fatty degeneration of the liver with inflamma-
tion of the bile ducts, beginning as early as thirty-five
minutes affer poisoning; in chronic cases focal necrotic
destruction of liver cells, acute parenchymatous nephri-
tis, disseminated pneumonic patches, slight beginning
of fatty degeneration of the heart muscle, etc. Of the
pathological changes in the central nervous organs, we
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also have some accurate records (Ewing, Bailey). As I
we may expect, they demonstrate a pronounced acute
degeneration of the canglion cells throughout the central
nervous system. The chromatic bodies generally disin-
tegrate with some loss of the chromatic substance, the
outlines of the Nissl bodies being completely obscured ;
the nueleus and nucleolus may be normal or swollen and
opaque; the dendrites irregular, shrunken, or detached.
These changes are to be found in the cells of the cortex,
the cerebellum, olfactory lobe, basal ganglia, medullary
nuclei, anterior horns, and spinal ganglia, most marked,
however, in the anterior horn and in the Purkinje cellg
and the mitral cells of the olfactory lobe. These changes
were exhibited only in their beginning in those animals
which had been Killed in a short time by a large dose of
venom, but were more advanced and involved a much
greater number of cells in the cases of more chronic poi-
goning. Alf, after poisoning with puff-adder venom,
finds the changes in the posterior columns so marked
that they are perceivable to the naked eye.

The old question whether snake venom is a nerve or a
blood poison, therefore, must receive the answer that it
is both a neurotoxic and a hemolytic substance. Nay,
recent investigations have shown that both prineiples are
physiologically distinet, for Flexner has demonstrated ¢n
witro that in a mixture of venom with an emulsion of
brain substance, the chief (neuro) toxic constituent
unites with nerve cells while the agglutinating and hse-
molytic element combines with blood corpuscles. 1t is
of considerable interest to analyze more accurately its
influence upon the circulatory system, which is such a
prominent feature in viperine poisoning, but is neverthe-
less of paramount influence in cobra poisoning as well.
The assumption that the action on nervous tissue is but
a secondary sequela of its primary action upon the circu-
lation must be positively denied, inasmuch as extremi-
ties whose circulation is entirely obstructed by constric-
tion respond readily to the action of the venom upon the
nervous centres; neither do we miss any of the charac-
teristic nervous symptoms in frogs, in which the blood
has been entirely replaced by decinormal saline solution.

Notwithstanding the facts just related, some of the
phenomena might be referred to a disturbance of the
vaso-motor centres. Some investigators aseribe them to
an enormously increased diapedesis, as is seen after the
local application of poison to a capillary area; while
others consider it to be a rupture of the capillary walls.
The blood cells escape after a hypodermic injection of
venom, and are destroyed to such an extent that a few
hours later but one-half of the normal blood corpuscles
may be counted.

The point which has been creating the greatest divers-
ity of opinionsis the poison’s influence upon the coag-
ulability of the blood. Formerly it was an accepted
dogma that cobra venom increased and viper venom
inhibited clotting, until recent investigations of Heiden-
schild and the more accurate experiments of Martin, of
Sydney, have cleared up the matter. The doses as well
as the mode and rapidity of introduction are matters of
the greatest importance. As a rule coagulation is inhib-
ited for a long period. A small dose injected intrave-
nously causes & positive phase of coagulability of two or
three minutes, which is followed by a negative phase of
longer duration. A second largerinjection brings on the
same positive and amuch longer negative phase. A third
still larger injection, which is borne remarkably well, de-
stroys coagulability for a long period and, as it were, im-
munizes the blood against further coagulative influence
of the poison. At the same time the leucocytes disap-
pear aimost entirely from the circulating blood ; they are
massed in the liver, lungs, and bone marrow, and reappear
only when the blood regains its coagulability (or perhaps
inversely). Auché found the bone marrow much con-
gested soon after poisoning, and regards it as evidence of
a reaction of the blood-forming organs,—a reaction which,
within a few hours, floods the circulation with an abun-

dance of leucocytes. A hypodermic injection, and there-
fore the majority of all snake bites, acts in the same way

as a small intravenous injection. Immediate introduc-
tion of a larger quantity of poison into a blood-vessel
may cause a sudden complete clotting of the whole mass
of blood, with the exception of that in the pulmenary
veins and the left heart. Many contradictory reports of
the blood pressure, sudden stoppage of respiration, ete.,
are explained by the sudden massive thrombosis. The
immediate cause of coagulation is probably a nucleo-
albumin, analogous to the fibrinogenic substance of Wool-
dridge, also a nucleo-albumin. It is not preformed in the
venom, but, as Martin has it, is liberated instantaneously
by the action of the poison, from the stroma of the de-
stroyed erythrocytes and from the endothelium of the
blood-vessels; it brings on extensive thrombosis at one
stroke. Or, according to the theory of Delezenne, which
would explain the different phases of coagulability and
fluidity, nucleo-histon is formed which splits into leuco-
nuclein and histon; the former, which is retained by the:
liver, accelerates coagulation; the latter, which remains,
retards it.

Many of the symptoms noted in former experiments
are" now explained by the recent interesting methods of
study in hmmolysis. The first effect of snake venom
upon blood #n #itro is agglutination, speedily followed
by haemolysis; the escaping heemoglobin is not changed,
the spectrum remaining normal. A great variation in
susceptibility to this latter reaction is distinguished in
the different animals, but most noticeable is the differ-
ence of hemolytic power in the several varieties of
venom. Contrary to what we should expect from the
prominent symptoms, cobra venom is most actively hee-
molytic; those of moceasin, copperhead. and rattlesnake
are heemolytic in less degree, in the order named. The
action upon leucocytes is similar to that upon erythro-
cytes, although the several varieties of white cells show
different susceptibility.

Another important effect of snake venom is the loss of
the germicidal property of the blood plasma. It is well
known that normal blood serum destroys micro-organ-
isms, or at least retards their growth. Ewing, of Wash-
ington, was the first to show, in 1894, that this faculty
was annihilated in the blood of animals killed by crota-
lus poison, and Martin has confirmed it for the venom
of the Australian black snake. This explains both the
well-known rapid putrefaction of the poisoned organs
and the danger of subsequent decomposition of the ex-
travasated blood, and the resulting sepsis during con-
valescence. The recent hmmolytic studies mentioned
above have shown that the germicidal power of serum
is rendered inactive through the fixation of the serum
complements by the venom.

A closer similarity in the two types of poison ean be
created in an artificial way by heating, The aggluti-
nating power is destroyed by a temperature of from 75°
to 80° C., a temperature which leaves the hmmolytic
power undisturbed. The latter is somewhat reduced in
crotalus poison by 90° to 96° C., while it requires 100° C.
for at least fifteen minutes to make an impression on
cobra, copperhead, and moceasin venom. A prolonged
heating, however, of viperine poison destroys the in-
tense influence upon the circulation to be ascribed fo the
globulin; after such heating it approaches cobra venom
in character.

In briefly summarizing the mode of dying from snake
poison, we might say that death oceurring within a few
minutes is due to general thrombosis; a patient who dies
within twenty-four hours may succumb in the first hours
to paralysis of the respiratory centre, later to general
paralysis; lethal exitus, after such a period, days or even
weeks after the bite, may be the result of sepsis or of
general prostration following prolonged suppuration.

From what has been said, it will be seen that the dan-
ger of a snake-bite must vary considerably. Statistics
cannot give us an adequate idea as regards this point.
Not all eases are reported, and not all bites reported are
those of venomous snakes. Moreover, chance Is an im-
portant factor as regards the sequelee: ¢.g., in what con-
dition was the snake when biting? Were one or both
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