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On the action of the venoms of the Cobra (Néja‘Tri—
pudians) and of the Daboia (Daboia Russellii) on the red
blood corpuscles and on the blood plasma.

by
George Lamb M.B., C.M. (Glasgoﬁ)
Captain, Indian Medical Serwvice

(From the Research Laboratory Bombay.)

The action ef the different vari}ies of snake venoms
on the constituents of the blood and on the blood coagula-
bility is a subject which has engaged the attention of
various observers in America, Australia and India. A study
of the literature of the subjec% makes it evident that all
venoms, which have been worked with, have a marked action

)
on the blood, the effect of which is manifested in the pro-

duction of changes of a destructive nature éh the red cor-
puscles, as well as in an alteration of the coagulabllity
of the plasma. Irom such a study, however, it is apparent
that no investigator has attempted to carefully note the
differences which exist between the various poisons in
these respects. S0 much so is this the case, that Calmette
of LJ’.ZLlé2 holds the opinion that all snake venoms have exact-
ly the same physiblogical actions and only differ from one
another in the degree of toxicity which they possess, one
being more toxic than another. And, again, Martin of !lel~
bourng has put forward the working hypothesis, founded on
his own experiments with the venoms of the Australian
snakes, Hoplocephalus and Pseudechis, and on the researchec
of others with various venoms, that all snake venoms con-
tain two toxic constituents of a proteid natur%,A & B:
A, incoagulable by heat and acting on the central nervous
system; B, coagulable by heat and acting on the blood and
heart; and ﬁhat venoms differ from one another only in tre
relative proportion of these two constituents.

Along with Dr.lManna fqhave shown that Calmette's state-

ment is without foundation, and also that artin's threcr;
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- does not, in all probability, apply to the two venons with

which I propose to deal in this paper. Further, the facts
which I have now to record support my previous observations
and show without a doubt that in their physiological action@
the effects of which are seen in the changes in the blood
constituents and plasma, the venoms of the cobra and of the
daboia differ markedly from one apother, and that Calmette's
statement and Martin's hypothesis can no longer pass un-
challenged and must be considerably’modified to fit the
Tacts now available. In the present communication, then,

I propose to deal, 1),with the action which the venom of

the Cobra (Naja Tripudians) and the venom of the Chain-
Viper (Daboia Russellii) exert on the red blood corpuscles
both 'in vivo' and 'in vitroj, the result of which action is
manifested by haemolysis: and Zlywith the action which these
two poisons have, also 'in vivo' and 'in vitro',on the blood
plasma, as seen in an alteration of its coagulability.

At the outset 1t would be well to give a short account
of the methods which were employed to collect and to con-
serve the poisons used in the experiments recorded below
so as to ensure that the results obtained were uniform and
comparable amongst themselves.

. The venom in hoth instances was collected over a period
of some months‘from a number of healthy living snakes by
'milkingt}or rather squeezing;the poison glands, the secre-
tion being caught in a watch glass held in a pair of long
forceps. The liquid poison was then thoroughly and rapidly
dried over calcium chloride. The stock of venom, got in
this wag}was kent in an air-tight tube away from the light.
It has been shown by many investigators that snake venons,
stored dry in this /@ghner, preserve their toxicity unim-

paired for an indefinite period. rfefore being weighed the

venom was pounded to a very fine powder and was then kept
in a weighing bottle over sulphuric acid or calciunm chloride,

This precaution is necessary in a climate in which the
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atmosphere is saturated with moisture\éﬁégjas is the case
in Bombay. As they wVere required]solutions of definite
strengths made with saline solution of varying strength, as
indicated in the protocols, were prepared. No solution was
kept longer than an hour or two before being used. As the
supply of venomvg:salways abundant fresh solutions were
prepared every day upon which experiments were made. In
this way any diminution of toxicity, which, there is no
doubt, takes place when snake venoms are kept in solution

| for any length of time, was avoided. With this introduc~
tion we may now pass on to consider

_The action of Cobra Venom on the red blood corpuscles

'in vivo''and 'in vitrol.

It had been stated by some observers that cobra venom
has no destructive action on the red blood cells 'in vivo'.
This opinion is founded on the fact)that a microscopic
examination of the circulating blood of animals injected
with large doses of cobra venom shows no structural change
of the red cells. The evidence, however, that this poison
has a distinct haemolytic power 'in vivo', both in the case
of man and of animals, is very strong. Thus, in the case
of man after a cobra bite there is in every instance an
exudation of a red-stained serous fluid from the punctures.
A microscopic examination of this fluid shows the almost
total absence of red blood corpuscles.This fact was first
pointed out by Waf&,while in a .case of cobra bite, which,
along with Dr.Hanng)I have put on record, this sanguineous
discharge was well marked and lasted for 24 hours. Furtheq,
Wal{ has affirmed/that in every case of death from cobra
bite in man there is found on post-mortem examination at
the site of the punctures a marked infiltgration into the
areolar tissues of a purple~blood-like fluid, and that this
inrilt¢§ratdon contains few red blood corpuscles.

In experimental ohservations in animals, especiilly in

horses and donkeyvs, the abscess which sometimes forns when
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a sub-lethal dose of cobra venom is given}contains & thin
red-coloured pus. Further the mucous discharges «re some-
times stained red. Thus, I have seen a marked red-stained
discharge from the rectum of an ass, which had received a

M I 4
little over the»lethal dose of cobra venom. As I have said,
however, in animal experiments with cobra poison all obser-
vers are agrecd that repeatéd microscopic examinations of
the blood of animals, which die from cobra venom intoxica-
tion, show an entire absence of any appreciable structural
change in the red blood cells. The probable explanation of
this fact ig/either that, when a large dose his been injec-
ted, death takes piace so rapildly, that such a marked des-
truction of the cells has not had time to take place as to
be demonstrable by microscopic examination, or that, when
a smaller dose has been given and death is delayed, the
quantity of venom injected is not large enough to cause any
extensive destruction of the red cells.

While this fact is undoubted, Cunningha£7has shdwn in
several experiments that, if the blood of un animal which
has received a large dose of cobra venom)either intravenous-
ly or subcutaneouslx’be withdrawn from the body after death
and allowed to clot, the serum which exudes from the clot
is of a red colour; also that, if a fowl has been the
animal employed, many free nuclei of the red cells are
found on examining the blood at death; there has been, in
fact, a considerable solution of the bodies of the red
cells. Further, this observer has demonstrated that, if
the dose of venom injected into a fowl is a very large one,
ﬁamely/loo to 300 milligrammes, the blood at death contains
a great abun&aﬁce of free nuclei, and the remaining red
cells appear deformed: he has also shown that, if the
specimen be allowed to stand, at the end ofifew hours com-
plete destruction of the red cells will have taken place.

I have been able to confirm these statements of Cunninghan.
These ohservations, therefore, conclusively show that cobra

vénom does have a certain amount of haemolytic action
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'in vivo', even when it is injected in moderate doses.
When,however,a quantity of venom, which will bring about
this effect in a marked degree, is injected into an animal,
the animal dies so raﬁidlylthat there has been time for
complete destruction of only a comparatively few cells to
take place. It would appear, therefore, from 'a priori’
reasons that the haemolysis, which results from this action
of cobra venom, can have little or no connection with the
nervous symptoms which are always observed in cases of in-
toxication with this poison and cannot be a factor in pro=-
@ucing the fatal result. An opposite opinion ii’however,
strongly held by Cunningham.

The destructive action of cobra venom on the red blood
cells 'in vitro' has been investigated by several observers.
Thus Cunninghag'by drewing blood directly into solutlons
of cobra venom found that the serum which exuded from any
clot which formed was dark red or brownish in colour. He
demonstrated this phenomenon both with mammalian bloods and
with fowl's blood. Kanthégk, Stephé;s and Mygis have also
demonstrated the marked héemolytic action of cobra venom
'in vitro'. These observerg/rurtheg noticed that the blood
cells of different animals were of different susceptibility
to this haemolysing poison, and that this susceptibility of

the blood cells bore no relation to the general suscepti-

bility of the animals to subcutaneous injection of the poison.

The most convenient and most reliable method to demcon-
strate and to estimate this haemolytic action 'in vitro!',
the method which I have employed in all my experiments, 1is
stated as foilows.

The venom is dissolved in a solution of common s&lt,
isotongl.ror the particular blood under observation. This
solution is made of a strength of 1 c.c.=2 milligrammes,
namely, 0.2%¢. From this original solution a succession of

two-fold dilutions, made with salt solution of the same

strength as the original,is prepared in a series of test
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tubes, so that each dilution cqntains half the amount of
polson of the one just above it in the seriles. A convenient
quantitg}namely/o.5 c.c., Oof each dilution is then measured
into a series of small test tubes. To each tube a measured
guantity of fresh bloocd is added by means of a graduated
capillary pipette. The qunatity of blood I found most
suitable to add to each tube was 0.005 c.c. In these
operations care must be taken to avoid, as far as possible,
any bacterial contamination. Ordinary precautions, howeveg
of having sterile tubes, sterile salt solution and sterile
pipettes are all that are requisite. Control tubes of salt
solution and blood alone are prepared in all experiments.
The mixtures are allowed to stand at laboratory temperature
(about 25°C) for 20 to 24 hours. It is then observed in
which tubes complete laking has taken place, in which
partial laking and in which no laking at all. When there
is any doubt from the naked eye appearances as to whe ther
complete or only partial haemolysis has taken place, a
microscopic examination will soon settle the point. Work-
ing in this way, I have been able to0 confirm the general
results got by the observers mentioned above, and, furtler,
to estimate fairly accurately the haemolysing power of
cobra #enOm towards the hlood of several varieties of ani-
mals. But, in_as_much as the results obtained lead to the
same conclusions as were arrived at by the observers men-
tioned above, it is unnecessary to detail these experiments.
It is, however, well to point out that slight variations
oceur from time to time in the minimum amount of venorn
‘which will produce haemolysis of the blood of any parti-
cular species of animal. Such variations were also noticed
by Kanthack, but they are never so marked as to invalidate
the general results. They are, in fact, quite explicable
on the ground of experimental erz:;&zwu* o b /)

In view of Martin's hypothesiiA}t is important to te

able to put on record some experiments which bear on the
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effect which heating solutions of cobra venom has on the
haemolytic action of this poison. In table I of the pro-
tocolsq there are tabulated the results of such experiments.
From this table it will be seen that, while heating solu=-
tions of cobra venom so as to precipitate all the coagula-
ble proteids does not destroy the haemolysing power of the
venom, such heating does cause a diminution of this power,
and that this diminution is more marked if the solution
which is heated be a comparatively weak solution. Thus
two solutions of cobra venom were made of 1% & 0.1% strength
respectively. These were heated in the same water bath
for half an hour at 73°C. The coagulated proteids were
then filtered off. The haemolysing power of the same sampl€
of venom, unheated, and of these two heated solutions was
estimated after the method I have described above. A
rererenée to the protocols will show that the greatest dilu-
tion. of venom, in which complete or almost complete haemo-
lysls was obtained in each instance, was as follows:

1) Unheated venom: Complete haemolysis:-0.5 ¢.c¥0.015

milligramme,

2) 17 heated solution: Nearly complete haemolysis:

0.5 c.ce=0.0312 milligramme.

3) 0.17 neated solution; Complete haemolys8is 0.5 c.c.—

0.25 milligramme.
This result 1s in harmony with, although not so striking as,
' the fact pointed out by Hanna and mysgif, namel@ that,
while the power of daboia venom to cause intravascular
thrombosis is not completely destroyed, but only diminished ,
by heatin%/agl% solution of the poison for half an hour at
75°C, heating a 0.1% solution of this venom for the same
length of time at the same temperature completely destroys
this clotting power. Further it lends no support to Martin's

theory.
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_The action of daboia venom on the red blood corpuscles

*in vivo' and'in vitro!'.

There can be no doubt but that daboia venom has a
marked destructive action on the red blood corpuscles 'in
vivo', and that the results of this action are much more
manifest to a clinical observer than is the case in hites
from the cobra. Thus, in the recorded cases of daboia
bites in man one reads of a large blood-stained extravasa-
tion all around the site of the punctures, of an exudation
of a reddish-brown fluid from the wounds, of a dark-stain-
ed fluid oozing from the various mucous orifices of the boqu-
.rrom the nose, from the bowel, from the mouthyand of marked

haematuria or haemoglobinuria. Actual haemorrhages from
mucous surfaces are also commonly seen in cases of daboia
bite,

In the case of experimental injections of daboia venom
into animals, while both Wa{{'and Cunningﬁgm note that
sanious discharges are cormon sequelae of such injections,
these observers do not particularly state that any des-
truction of the red blood corpuscles has taken place: a
perusal of their works/in fact, leaves one with the idea
that these discharges are stained with the whole blood :nd
not with haemoglobin only. It is, however, easy to demon-
strate that marked haemolysis results when daboia venom is
injected into animals intravenously or subcutaneously. Two
examples, out of many of which I have records, will be
sufficient to put forward here. The first experiment was
made along with Professor Martin of Melbourne, to whom I
am indebted for much valuahle assistance. .

1) A horse of 293 kilos in weight received into the jugular
vein 3 c.c. oOf a-l% solution of dabolia venom, i.e.,SO milli
grammes or about 0.1 milligramme per kilo. Convulsions

began 50 seconds after the injection and returned at inter-

vals till the horse died. Death took place 18 minutes
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after the venom had;;dﬁ into the vein. Not long before
death a bright reddish-stained fluid collected at the nos-
trils. A microscopic examination of this fluid showed it
to contain very few red cells. Samples of blood were drawn
from the jugular vein seven minutes before death and at
death. Two hours after withdrawal both these samples were
still only softly clotted. The red corpuscles had by this
time sedimented leaving a dark red serum, which contained
only an occasional red cell but plenty of blood platelets.
2) A female donkey, which weighed 89 kilos, recelved under
the skin of the left shoulder 20 milligrammes of daboia
venom, i.e. about 0.22 milligramme per kilo. This animal
died in about 40 hours after the injection. The post mor-
tem examinatiog’made immediately after deat@,showed the
following conditiqn. Around the site of the inoculation
there was a large bloody extravasation. On the front of the
thorax at the root of the neck and also in the abdominal
wall,namelx’two dependent parts, there were large oedema-
tous swellings. On cutting into these swellings a dark
port-wine coloured fluid escaped. Under the microscope
this fluid was seen to contain emtxy vepy few red cells.
After this exudate had been centrifugalised the supernatant
fluid remained dark in colour and contained no red corpu-
scles. The blood collected from a large vein clotted only
slightly after standing for an hour. A sample of blood was
centrifugalised immediately after it had been withdrawn
from the body. The supernatant plasma, which microscopic
examination showed to be quite free from red cells, was
clear and of a very dark port-wine colour. After the blood
had stood forj?ew hours a firm clot had formedland the seru’ i
which had exuded, was of the same colour as the whole
plasma got by centrifugalisation. The urine collected
from the bladder was dark in colour like porter. It con-
tained exceedingly few red blood corpuscles, only two or

three being visible in a nmicroscopic field.
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I have been able to produce similar symptoms and evi-
dence of marked haemolysis by injections of this wvgnom ine-
to monkeys, rabbits and pigeons. These 6bservations, there-
fore, show positively that daboia wenom has a very marked
and intense destructive action 'in vivo' on the red hlood
corpuscles of most animals, and that the effects of this
action are important factors in the production of the
symptoms observed and of the fatal result. To any one who
has worked with both cobra and d:boia venoms the marked
difference which exists between their haemolytic action
tin vivo' must be apparent. The haemolysis produced by
‘cobra venom misht easlly escape observation, while in the
case of daboia poison it is a most prominent feature of the
intoiication.

Such being the case one would expect to find that a
marked haemolytic action with dabola venom would be easy
to demonstrate 'in vitro', similar to the haemolytic action7
which I have mentioned is easily got 'in vitro' with cobra
venom. This surmise, however, does not hold good. Thus
Sﬁbhengz as a result of a few experiments only, has come
to the conclusion that, while dabola venom dissolved in

saline solution has no haemolysing power 'in vitro!' on the
red cells of man, this poison has a marked destructive
power on the human red corpuscles if it is dissolved in
normal horse serum. On the other hand, Cunningﬁgﬂ found
that, if the blood of a fowl is run into solutions of
daboia venom, the serum which exudes from the clot, which
he remarks is always soft and tremulous, is dark and red
in colour, showing that a considerable destructiby @f the
reéd cellé has taken place. Using a similar technﬂgﬁe to
thatg which I have described above in the experiments with
cobra venomg I have found that it is possible to demon-
strate that daboia venom dissolved ijn saline solutiow does
produce 'in vitro!' laking of the blood of many animals.

This action, however, is somewhat variable. Care has to be
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taken that the salt solution is not of too great a strength,
that, in fact, it is just slightly stronger than the solu-
tion,which would of itself produce a certain amount of
lakiﬂg. In table II of the protocols the results of five
series of experiments of this description are detailed.
%he bloods used were those of man, monkey, rabbit, guinea-
pig and pigeon respectively.

The strength of the salt solution to be employed for
each variety of blood was previously determined by actual
experiment. This strength is in each instance indicated
in the protocols.

A glance at this table will show that, while the con-
trol tube in every instance showed no haemolysis, a marked
and even complete laking took place in many of the venom
tubes. It will also be seen that the action is somewhat
variable,that is to say, the haemolysis obtained in a tube
containing a weuk solution of venom is sometimes mofe c o=
plete than in tubes containing stronger solutions. Thus,
it has often been observed‘iﬁ one series of tubes that
while the stronger solutions of venom ha#eonly a sli ht or
no destructive action on the red cells, the result of the
action of the weaker solutions is an absolutely complete
haemolysis. ©Such a result is well shown in the series of
experiments with the blood of a rabbit tabulated in table
XII of the protocols. ‘

This variability 3? the haemolytic . ction of £5&
daboia venom 'in vitro' is in marked contrast to the results
obtained with cobra venom. This, however, is a point to
which I shall return in a moment.

When a weak solution (viz, 0.1%) of daboia venon is
heated so as to coagulate the coagulable proteids, the
haemolytic property, which the unheated venom has 'in vitrd;
is completely destroyed.

In table IV of the protocols two parellel series of

experiments are detailed in order to demonstrate this fact.
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In these observations a 0,19 solution of venom in 0.6%
saline solution was divided into two portions. One por-
tion was left unheated, while the other portion was heated
in a water bath for half an hour at 75°C. The goagulated
proteids were then filtered off. The haemolysing power of
each portion, heated and unheated, was then determined in
the manner I have already described, the blood of the

same rabbit being used in each instance. It will be seen
from this table that, while the unheated solution showed

a well marked haemolytic action in many of the tubes,no
laking was observed in any of the tubes containing the
dilutions of the heated venomn. (

We may pause here for a moment to sift the dat#a con=-
tained in the observations and experiments which I have put
forward above, with the view of summarising the differences
which exist between éhe haemolysing action of cobra venom
and that of dabola venom.

Firstly, as regads the haemolysis which these venoms
produce 'in vivo! it is important to note that cobra venom,
however introduced into the body,exerts only a slight des-
tructive action on the red cells, so that as a rule no
symptoms result. Indeed the results of this particular
action of the polson have generally escaped observation.
On the other hand, the haemolytic action of daboia venomn
'in vivo' is well marked and leads to a train of symptoms,
which are very prominent to even a casual observer.

Secondly, when the haemolysing power of these two
poisons is estimated side by side 'in vitro', using exactly
the same technique in each case,we have seen that, while
this action of cobra venom is well marked and regular,
varying according to the strength of the venom solution
used, no matter the species of animal from which the blood
is taken, the destructive effect on the red cells of daboia
venom under similar circumstances varies considerably and

often, apparently, does not depend on the strength of the
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poison solution with which the blood is brought in contact.
This action of daboia venom 'in vitro' is, in fact by no
means so definite as the corresponding action of cobra
venon.

Thirdly, we have seen that heatiﬁg a 0.1% solution of
cobra venom, while diminishing}does not completely destroy
the haemolysing property of the poison, and that heating
a solution of daboia venom of the same strength and in
exactly the same manner has the effect of cormpletely des=
troying the haemolytic power, which the unheated solution
possessed,

It seems, therefore, justif;able to conclude from these
three facts that, as far as the haemolysing substances of
these venoms are concerned, we are dealing with substances
different but resembling one another, and that in this res-
pect, as in all other respects, cobra venom and daboia
venom, although at first sight presenting a superficial
resemblance, yet differ materially from one another, |

The action of colira and daboia venoms on the blood

coagulability 'in vivo',

Itghas been known for some time that many snake venonms
have a well marked action on the coagulability of the blood
ﬁlasma 'in vivo'!. This fact was first drawn attention to
by Fontaﬁ/, who, more than a hundred years ago, noticed
thét the blood remained fluid in animals dead of viper-
bite. BrainéZd ¢nd Weir Mitchéil have also shown that
rattle-snake venom haé a marked action on the cé%ulability
of the blood. The former observer noticed that in animals,
which died irmediately after{a rattle-snake bite,the blood
was clotted; while, if death was delayed for any length of
time, the blood remained fluid in the vessels. Weir Mitchell,
while confirming these observations, explained these differ-
ences by the hypothesis, that in cases of very rapid death
the poison had not had time to affect the blood. In Austr&ﬁa}
Halfoﬁé observed the same fluidity of the blood to follow

the injection of the venon of some Australian snakes.
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Further, the continued fluidity of the blood after death
from the bite of the Indian viperine snakes has been fre-
quently noted by numerous observers in this country.
»¢ . The work, however, of Martin of Melboufﬁz with the
venoms of the two Australian snakes (Hoplocephalus and
Pseudechis) put this problem on a firmer basis. This care-
ful observer has shown that the venoms of these two species
of snakes produce, when injected intravenously in sufficienb
amount, such a marked increase in the blood coagulability
as to lead to an extensive intravascular thrombosls, but
that, if the quantity injected is not sufficient to cause
death from this thrombosis, then & marked deficiency or
negative phase of the blood coagulability follows a short
lived phase of increased coagulability. Here, then, was
the probable explanation of the results obtained by the
American investigators with "crotalus"venom.

Martin, further, put forward the hypothesis, that all
snake venoms probably contained, in greater or less quantiiy,
the same proteid substance which brought about this most
remarkable effect on the blood coagulability, one venom
différing'frOm another in the amount of this constituent.
Along with Dr.Hanna'élwas, however, able to show that this
hypothesis was not a sufficient explanation as far as our
Indian snakes were concerned. For we proved beyond a doubt
that, while the e’fect of the action of daboia venom on the
blbod coagulability was apparently the same as Martin had
described with regard to the venom of the Australian species,
cobra venom did not, at anyv rate, even when injected in-
travenously in very large quantity, produce intravascular
clotting.

Again, in a paper on "Some effects upon the blood pro-
duced by the injection of the venom of Pseudechis", Martigz
critically sifts the data available in an endeavour to find
aﬁ explanation of the significance of the phenomena which
he described. He arriveéjat the conclusion that the great

changes, which snake venoms bring about on the blood coagu-

lability, are in all prohahility due to nucleo-proteids set

o L P ——
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free from various cells, especially the red blood corpu-

scles, as a result of their destruction by the venom, and

he compares the phenomena he observed with snake venom with
the phenomena which Wooldridge described, as resulting
from an injection of nucleo-proteids directly into the
blood stream of an animal. It isggecessarv to follow this
observer in the close reasoning which runs through this
paper. It is, however, necessary to point out that at the
close of the paper he sums up as follows:-

"Finallj}I say that, although I pelieve that the very strik-
fing facts, which I have hitherto observed, do warrant the
"hypothesis advanced in thils paper, namely, that the pheno-
"“mena of coagulation following the injection of snake venomn
“"are identical as regards their immediate cause with those
“dgscribed by my friend the late Dr.Wooldridge, as conse-
~ quent upon the injection of "tissue-fibrinogens", I am yet

quite prepared to entertain a different explanation, should

*purther observation reveal facts diadaddant with this theorJ

The ohservations, which I have now to vring forward,
appear to me to reveal facts discModant with this theory,

.80 discordant, indeed, that‘I am of opinion that Martin's

hypothesis can no longer stand, and that the problem of the

action of snake venomson the .coagulability of the blood is

a much more complicated problem than this observer supposed,

and will have to be reconsidered in the light of these new

facts. It is also evident that no generalisation can be
made, founded on observations with one varilety of snake

venom, but that every variety of snake poison will have 1o

be considered separately. I propose, then, to take my con-

siderations and observations in more or less chronological
order; firstly, stating briefly the action of cobra and
daboia venoms on the coagulation of the blood as observed
tin vivo'; and secondly, passing on to consider more in de-
tail their effect on the coagulability of the whole blood

and of the blood plasma 'in vitro'.



-16-~
23
Wall states in his work on Indian snake venoms, that
the blood in the human subject at post-mortem examinations
of cases of cobra venom intoxication is as a rule in a

fluid qondition and clots badly on being withdrawn from the

vessels. In animal experiments, however, this observer

found that the blood on postenortem examination was always
clotted solidly. On the other hand, Cunningégﬁ has shown
that, if éﬂ: animal received a lurge quantity of cobra
venom and died very shortly after the injection,the blocd,
drawn just before or immediately after death, remained un-
clotted for a considerahle length of time, and that the
clot which did ultimately form was semi-fluid, loose and
soft, and no serum separated out. leither of these obser-

vers makes any record of finding immediately after death

any intravascular thrombosis. This condition, however,
they miéht easily have overlooked, in the same way as they
both failed to observe the intravascular clotting which
results from an intravenous injection of daboia venom,

In a recent publication along with Dr.HaAg; I was
able to record definitely the fact; that cobra venom, even
when iInjected in large quantity into a vein, does not pro=-
duce any intfavascular clotting. An amount of cobra poison,
as great as 50 times the amount of daboia venom which can
cause extensive intravascular thrombosis, was found to have
no such effect. It is, therefore, certain that, in what-
ever other respects these two venoms may differ fromag;otheg
they do differ in this particular physiologlcal action,
namely, cobra venom dows not produce intravascular clotting,
while, as we shall see, dabola venom introduced intra-
venously even in minute doses does possess this remarkable
property.

If a non-lethal dose of cobra venom is injected sub-
cutaneously into an animal, one seldom sees any symptoms
which might point, as is the case with daboia venom, to

any diminution of the blood coagulcbility. I have, however
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observed on several occasions during the process of irmu-
nisation of horses and donkeys, which received an injection
of this venom over the shoulder, a large oedema of the
parts dependent from the site of injection and reaching
down the leg for some distance. I have never seen any
wide~spread oedema. I have/alsq/been able to demonstrate
tn the case of rabbits, that a slight diminution of blood
- ecoagulability does take place as a result of the subcutaneowus
1ﬁjection of non-lethal doses of cobra venom. Such a
series of observations, made by means of Wright's coagulo-
neter tubes, are detailed in table V of the protocols. A
glance at this table will show that in every experiment a
8light lengthening of the normal coagulation time of rabhttsl
blood followed the venom injection, and that this diminu-
tion in coagulability was more marked the nearer the quanti-
~ty of venom injected approacﬁed to the minimum lethal dose.
‘These experiments might also explain Wall's failmre to
observe any post~mortem fluidity of the blood in his animal
experiments and Cunningham's suepess in this respect. For
it is apparent that, if a dose of cobra venom which kills
in from 6 to 12 hours be given, the deficiency in coagula-
bility may not have had time to develope or may be so slight
" as to escape observation on post-nortem examination, while
a larger quantity, such as Cunningham used, and which kill-
ed within a few minutes, may cause a marked deficiency in
the blood coagulability of fairly rapid onset by reason of
'mass action®’,

To sum up then, it is certain that cobra venom 'in
vivo! does not produce any increase but rather a deficiency
of the blood coagulability, the amount of this deficiency
depending upon the quantity of venom injected, the mode of
its injection and the time allowed for its action to take
place.

Before passing on to the consideration of the action

of cobra venom on the whole blood and on the bloéd plasnma
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'in vitro', it would be well, in order to secure a consecu-
tive story, to briefly draw attention to some observations
which I have, along with Dr.Hanna, &already publisﬁ€a§9n the
action of daboia venom on the blood coagulability 'in vivo?
Both ngg and Cunning;am attributed the rapid death,

which follows the intravenous or subcutaneous injection of
daboia venom, to a direct action of the poison on the
central nervous system. They considered that daboia venonm
in all instances caused a fluidity of the blood, sometimes

28
amounting to complete loss of coagulability. Hanna and I,

however, were able to show that this hypothesis was erroneows

and that the rapid death which follows an injection of
daboia venom is invariably caused by extensive intravascu-
lar thrombosis. Further, we showed that, if the amount of
venom injected is not sufficient to cause this thrombosis,
a negative phase of diminished coagulability results, some-
times amounting to complete inhibition of clotting, and that
this diminished coagulability is probably an important
factor in the production of some of the symptoms which are
observed in these cases. We found that, while 0.1 milli-
gramme of daboia venom per kilo of weight when injected
intravenously into a rabbit causes extensive intravascular
elotting, 0.4 milligramme has the same effect when injected
subcutaheously into a pigeon. This thrombosis may be con-
rined, if the quantity 6f venon injected has not been exces-
sive, to the portal veins, the right heart and the pulmo-
nary arteries: in these cases the blood collected from the

other veins, and from the left heart especially, remains

‘unclotted or clots only after.a long interval of time, when

the clot is very loose and gelatinous. We also showed

that, when the negative phase of diminished coagulability
has once set in, it was impossible to produce increased
coagulability and thrombosis by the injection of any guanti-
ty of venom, which under normal circumstances injected in=-
travenously would have been ample'to bring about thdse

phenomena. The action, then, of daboia venom On the blood
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coagulability 'in vivo' is very definite and well marked,
and corresponds exactly, as far as can be judged from the
observation. of the symptoms and the results of post-mortem
examinations, to the action, as described by Martin, of the
venoms of the two Australian colubrine snakes, namely,
Hoplocephalus and Pseudechis. Until, however, researches
have been made with the specific sera prepared with these
ﬁoiSOns, it would be premature even to suggest that daboia
venom was of the same nature as Hoplocephalus and Pseudechis
venoms even as regards its blood poison.

The action of cobra and daboia venoms on the coagula-

bility of the blood'in vitro'.

We may now pass on to consider if snake venons have
any definite action on the coagulation of the blood when
mixed with this 'in vitro'. In this connection I shall
have to put on record some experiments which I have made
with cobra and daboia venoms with the whole blood and with
the blood plasma freed from red cells,

With the poison of Pseudechis Marﬁ?i found that, by
running fresh blood into a solution (0.1%) of this venom,
clotting was considerably delayed, and the clot which did
form was soft and on shrinking failed to entangle corpuscles.

3o
Working with crotalus poison, Weir Mitchell and Reichert

w::e able to prevent coagulation of the blood altogether
'in vitro'. These observers drew the blood directly into

a vessel containing a strong solution of venon surrounded
by a freezing mixture. 'On allowing the temperature to rise
gradually they found the blood remained permanently liquid.

Further, both Cunﬁgngham and Ka;zhack have shown that,

when fresh blood was run into a strong solution of cobra
~venom, either it remained permanently unclotted or the clot,
which formed after g considerable delay, was soft and gela-
tinous, and no serum exuded. The former of these obser-

vers also states that in three experiments, in which blood

was run into solutions of daboia venom, although clotting
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took place with normal rapidity, the clots which formed were
loose, soft and tremulous.

These observations, therefore, would tend to show that
tin vitro' all snake venoms had a similar action on the
blood coagulation, namely, an inhibitory action. In view
of the facts recorded above as regards the action of cobra
and daboia venoms on the blood coagulability 'in vivo', it
éppeared to me necessary to further investigate this action
'in-vitro' of these two_venoms, the only two which were
available to meal /i bome,

After many fallures to get any definite results by the
method followed by the older investigators, namely, the
method of allowing fresh blood to flow directly into a
solution of venom, I was led to use blood Which;was kept
liquid by the addition of citrate of soda. At a later
date I found that’similar results were obtained with citrats
and oxalate plasma, which had been completely freed from
the red corpuscles by allowing these later to sediment, and
then syphoning off the clear supernatant fluid.

The observations, therefore, which I have now t0 recora;
naturally fall into two groups, as follows:~-

1) Observations on the action of cobra and daboia venoms
on the coagulability of citrate whole blood.

2) Observations on the action of cobra and daboia venoms
on the coagulability of oxalate and citrate plasma
freed from red cells.

The action of cobra and dabola venoms On the coagula-

11ity of citrate whole blood.

- ———s e

The blood which was used in these experiments was got
from rabbits in the following manner. By means of a canula
in the femoral artery a measured quantity of blood was run
into a measured amount of a 20% solution of sodium citrate.
These quantities were so arranged that the citrate of soda
was in the proportion to the blood of 1 to 100 or 1 to 50.
In the protocols of the experiments it is invariably record-

ed in which of these proportions the citrate was present.
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The citrate blood was then divided up into a series
of small test tubes, 1 c.c. being accurately measured into
each test tube. It was then ascertained by direct experi-
ment the minimum amount of a solution of calcium chloride
of known strength, which it was necessary to add to each
cubic centimetre of citrate blood so as to cause solid
clotting in from 1 to 3 minutes, and likewise the maximum
amount of calcium chloride solution, which could be added
without causing any clot in from 4 to 6 hours or longer.

It was found that these quantities of lime solution
varied slightly with each sample of citrate blood used, no
matter however carefully the solutions of citrate and of
calcium chloride were prepared, and however accurately the
- blood was measured and divided up. It was, therefore,
necessary to make careful control experiments, such as I
have indicated, for each series of observations, that is to

say, for every different sample of rabbit's blood which was

used.

Let us first consider then the action of cobra venom
on plasma, as shown by 1its effect on the coagulability of
citrate blood. In view of the fact that cobra venom does
not, even when introduced in large quantity directly into
the blood stream, produce intravascular clotting, it was
not to be expected that this poison would have the propgrty
of clotting citrate blood 'in vitro'. Such a surmise was
found to be correct. For it will be seen on reference to
table VI of the protocols that, when 20, or even 30, milli-
grammes of cobra venom were added to 1 c.c. of citrate
blood, no clot formed after 2 hours and, further, tﬁat on
the add;tion, after this interval of time, of such ag
amount of Soluble lime salt as clotted the control in 3
minutes, the blood remained Permanently liquid. As we shall
see lateg this is a very different result to that got in

similar experiments with daboia venom. We can say, then,
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that a large quantity of cobra venom does not increase
blood coagulability 'in vitro! but completely prevents
clotting taking place.

We have also seen above that cobra venom, injected
subcutaneously or intravenously even in small sub-lethal
doses, has the effect of diminishing the coagulability of
the blood. By means of a technique such as I have'describedf
above/the optimum quantity of lime solution necessary for
rapid clotting of the control being added to each tube two
hours after the addition of the cobra venom, a result,

comparable to what obtains 'in vivo', can be got 'in vitro'

with citrate whole blood.
Thus/I was able to estimate fairly accurately, as

judged from a number of experiments, the minimun quantity
of cobra venom which can keep 1 c.c., of citrate rabbit's
blood permanéntly liquid 'in vitro', and the minimum quan-
tity which distinctly inhibits, but does not altogether
prevent, coagulation.

The result of such an estimation is detailed in table
VII of the protocols. From this table ii will be seen
that 0.4 milligramme of cobra venom kept 1 c.c. of blood
liquid for aqleast 20 hours, and that 0,01 milligramme had
& distinet inhibitory action on the coagulability gf the
same amount of blood, lengthening the coagulation time,
a8 compared with the control, by about half an hour. It mfy
be mentioned in passing that the interval of time allowed
to elapse between the addition of the venom and the solu-
ble lime salt in some cases affects the results of such
experiments, as I have collated above. ZEspecially is this
the case when the quantity of poison used is not greatly
in excess of the minimum amount requisite to keep the blood
permanetly liquid. A reference to table VIII will make the
meaning of this statement clear. It req:ires no further
explanation except to state that it was, however, found in

many experiments that, even when the cobra venom and the
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lime solution were added together, the same inhibition of
coagulation resulted}as when a certain interval of time
was allowed to elapse. Such a result as I have tabulated
in table VIII is exceptional and cannoﬁ be depended on.

In view of Martin's hypothesis, that the proteids co-
agulable by heat are the constituents of snake venoms which
affect the blood, it is important to be able to record an
observation bearing on the effect which heating a solution
of cobra venom, SO as to0 coagulate the coagulable proteids,
has on this anti-clotting power of the poison. Such experi-
ments are detailed in table IX of the protocols. In_as_much
as the same technique was used in these experiments as was
‘employed iﬁ the similar series of experiments with unheated
venom detailed in table VII, one is able to compare the
results recorded in these two tables. From such a compari-
son it is evident that, while heating a solution of cobra
venom at 75°C for half an hour, that is to say, so as to
coagulate all proteids coagulable by heat, does not deprive
the venom of its anti-clotting action on the blood, such
heating, nevertheless, diminishes this particular physio-
logical.action of the poison to a considerable extent. For
a reference to these two tables will show that, while 0.4
milligrarme of the unheated venom suffices to keep 1l c.c.
of citrate blood permanently liquid after the addition of
the lime solution, 'éo'?nilligrarmekof the heated venom,
from which the coagulable proteids had been removed, delayei
clotting for a considerable interval of time, but did not
prevent it from ultimately taking place. Larger quantities
or_the heated venom had a still greater inhibitory action
on the coagulation of this blood but even two milligrarmes

did not completely prevent clotting. Such a result would

appear to point to the conclusion,that it/ not the cosagulable

proteids contained in cobra venom which affect the blood

coagulability, but rather some non-coagulable proteid whickh
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however, is considerably diminished in activity by heating.
This resulﬁxtherefore, lends no support to Martin's theory,
a concluéion the same as was arrived at with respect to
the haemolysing constituent of cobr§¢venom. These two
similar results, in fact, are strong proof against the
correctnass of this hypothesis. Suc@)theg,is the effect of
the action of cobra venom on the coagulability of cltrate
whole blood. We may now pass on to the consideration* of
some similar experiments which were made with dabola venom.

We have seen above that daboia venom, injected into
animals in sufficient quantity, so increases the blood
coagulability as to lead to extensive and r«pild intravas- -
cular clotting, and farther that, when the quantity injected
is not sufficient to cause thrombosis, a negative phase of
marked diminution in the blood coagulability sets in. As
regards the 'in vitro' experiments with citrate rabbit's
blood, now to be put on record, it is unnecessary to again
detail the technique used, which was similar to that em-
ployed in the experiments with cobra venom. But id_as much
as the Pirst series of experiments was made with the object
orvascertaining if daboia venon had any effect on increas-
ing the coagulability of citrate blood, it is apparent that,
in order to deéaétrate such an action to the best advantage,
it was npt feasible to a’d the lime solution to each tube
in such amount as would clot the control in from 2 to 3
minutes. It was found that a good result was obtained Byv
the addition of a very small amount of calcium chloride, a
quantity, in fact, which did not clot the control even
#Iter six hours. ‘

A reference to table X will show the results which
were obtained by working in this way. The control tube
with a small quantity of lime added remdined unclotted
after six hours: the tubes to which from 1 to 0.0078 milli-
grammes of daboia venom were added clotted sdlidly in fronm
5 to 10 minutes, and that to which 0.0002 milligrarme was

added clotted solidly after one hour. We have herg,thenla
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perfec; demonstration 'in vitro' of the positive phase of
increased coagulability caused by daboia venom.. A further
series of'experiments was then made with the object of
ascertain}ﬁ%hether or not the negative phase of diminished
coagulability could He demonstrated with citrate blood'in
-vitro'. A technique similar to that used in the series of
experiments noted above was employed. But much smaller
quantities of venom were used, and the poison was added to
the blood one hour before the addition of the lime solution.
Further, the quantity of lime solution added to each tube
was slightly increased, so that a clot formed in the con-
trol tube in about four hours. It 1s evident, then, that
‘these conditions of experimentation were in evergifavorable
to show any diminution in the coagulability of the blood
Which the venom might cause. Mo such diminutioq,however,
took place. In fact, quite the opposite result was obtain-
ed. For a glance at table XI of the protocols will show
‘that very minute quantities of dabola ven0m had a dist%?t
effect in increasing the coagulability of citrate blnod,
even 0.0000009 milligrarme added to 1 c.c. of citrute blood
causing a slight shortening of the ¢Oagulat10n time as com-
pared with the control. A similar series of experiments
to that tabulated in table XI was then made, the only differ-
ence being, that 0.3 c.c. of lime solution (0.5%) was added
to each tube instezad of 0.1 c.c. This amount of lime clot-
ted the control tube in about two minutes. As it was
found that the contents of allf%hbes,to which the venonm
had been added clotted in about the same time as the control,
some of them; in fact, even more quickly, this series of
experiments need not be further ™ considered. It confirms
the resultsualready plainly demonstrated in table XI, name-
ly, that daboia venom, even in minute quantities, does not
cause any diminution in the coagulability of citrate blood
tin vitro', similar to the effect which is produced by

cobra venom. This result, therefore, throws no light on how
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the negative phase of coagulability caused by daboia venon
'in vivo' is brought about. It does show, however, that
this action of dahoia venom is something quite different
from the action of cobra venom in this respect, and thag in
all probabilitg/it is not due to ﬁié direct action of the
poison on the blood cells or on the plasma.
In the above experiments with dahoia venom a small
quantity of soluble lime salt was added to the citrate
blood. I have now to nut forward the results of some ex-
" periments in which no lime salt was added, daboia venom
alone being run into each tube of citrate blood. Two series
of experiments of this description are tabulated in the
protocols (tables XII & XIII). .

- Firstly, ih the series of observations detailed in
table XII the citrate was present in the proportion of
1 to 100 to the blood, that is to say, the minimum amount
which can be depended on to keep rabbit's blood permanent-.
ly 11531d. A reference to this table will show that 0.5
milligramme of venom clotted 1 c.c. of the citrate blood in
a little over half an hour, and 0.0312 milligramme in about
two hours. Smaller quantities than this caused no clot in
two hours, |

Secondly, in the series of experiments detailed in
table XIII of the protocols the citrate was present in the
proportion of 1 to 50 to the blood, namely, & quantity
double the amount which is necessary to keep rabbit's
blood unclotted 'in vitro'. Under this condition it was
found that 2 milligrammes of venom were required to cause
clotting of 1 &.c. of blood in half =n hour, .that 0.6 milli-
grarme caused clotting only after 1% hours and that 0.2
milligrarme caused only a slight clot after two hours. Thus
it is seen that the presence of an excess of citrate, while
not preventing the clotting action of the venom, certainly
lessens this power to some extent. The results, then, of
these two series of experiments, taken with the results of

the two series detailed in tables X & XI, show that dabola



A

-2~

venom can of itself cause clotting of well citrated blood
'in vitro', but that the clotting is more rapid and the
clqt is firmer, the nearer the quantity of lime salts in
solution in the blood approaches to that contained in nor-
mal blood. I do not for a moment urge that daboia venom of
itself is sble to cause clotting of blood, which contains
no lime salt in solution, as the citrate of lime is not an
absolutely insoluble salt. lowever, the fact, that daboia
venom does of itself clot citrate blood 'in vitro', is im-
portant and interesting, as I know of no other substance
which has this action without the addition of a small quan-
tity of soluble lime salt.

In a recent paper by Dr.Hanna and myggif we pointed
out the fact that heating a weak solution of daboia venom

completely destroys the property which this poison has of

causing any increase of the blood coagulability 'in vivo'.

We showed that after heating a 0.1% solution for half an
hour at 75°C a large quantity of the filtgrate c:n be in-
troduced into ﬁhe‘blood stream of animals without causing
any symptoms.

I have found that & comparable result is obtained with
citrate blood 'in vitro'; that is to say, heating\a weak
solution of daboia venom at 75°C for half an hour complete~
ly destroys the clotting action the unheated venom has on'
citrate blood. Such an experiment im detailed in table
XIV of the protocols. From this table it will be seen that
even 2 milligrammes of venom (.27 solution), heated for
half an hour at 75°C, does not clot 1 c.c. of citrate blood
after three hours. When we consider that 0.03 milligramme ¢
of the unheated venom clots this amount of bldoq}citrated
to the same extent in 2 hours, we must conclude that heat-
ing in this way completely destroys this constituent of the
poison.

I have shown above that it is not possible, even with

minute quantities of venom, to demonstrate 'in vitro' the
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negative phase of diminution of blood coagulability, which nega~
tive phase is such a marked phenomenon in chronic cases of
dabola intoxication. I have also shown in the case of cobra
venom that a marked diminution in the blood coagulability pro-
duced by this poison is capable of demoﬁstration both 'in vivo!
and 'in vitre'. It was thought that the failure of daboia
venem te cause diminished coagulability of the blood 'in vitro!
mightlpessibly be due to the fact, that the constituent of this
poison which causes clotting is a different substance to that
which causes the diminution of coeagulability 'in vivo', and
that this latter is not able to exert its specific action 'in
vitro! in the presence of the former. Now we have seen that
heating a weak solution of cobra venonm diminishes, but does not
destroy, the power which this poison has to prevent coagulation
of citrate blood 'in vitro', while heating a solution of daboia
venom cormpletely destroys its power to cause an increase of
coagulability. If the ahove hypothesis‘%&?zcarrect, then, it
would be found, that by heating a weak solutien of daboila venom,
thereby completely destroving the constituent which causes coO~
agulation of citrate blood, the heated poison would now have
the effect of completely inhibilting or diminishing the coagula-
bility of citrate blood. This theory, however, was not sup-
ported by experimental data. For a reference to table XV of
the protocols will show that 2 milligrammes oéi%@§%m, heated in
weak solution, after being in contact with 1 c.c. of citrate
blood for 3 hours had no effect in lengthening the coagulation
time of the blood, when a quantity of lime solutien sufficient
to ciet the centrol in about two minutes was added. This resull,
then, strongly supperts the conclusien I have already put for-
ward en page 26, namely, that the substance in dabeia venenm,
which causes the diminutien of coagulabilit& 'in vivo', differs,
both in nature and in method of action)from the substance in
cebra venom, which has such a marked inhibitory effect on the
blood coagulability beth 'in vivo'! and 'in vitro'.

Further, it is evident that the observations on the
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action of dahoia venom on the coagulability of the blood
'in vitro! neither support nor disprove Martin's hypo-
thesis,namely,that the constituent of all snake venoms
which acts as a hlood poison is a proteid coagulable by
heat. Finally, when we consider the results of all the
observations with cohra and daboia venon detailed above,
there can be no possible doubt but that in their action on
the éﬁé@ constituents of the blood and on the bhlood plasma
the differences between these two venoms are fundarental
differences,and not only differences in degree of toxicity.
These ohservations, in short, support my contention, that
Calmette's statewent; thgt all snake venoms are alike in
their physiological action, is quite untrue and(not //;rulenu
fi;)founded on experimental data carefully worked out.

_The action of cobra and daboia venoms on the coagula-—

bility of citrate and oxalate plasma.

We may now pass on to consider whether or not results,
similar to those, which have been collated above in the case
of citrate whole blood, can also be obtained with citrate
or oxalate plasma,which has been freed from red cells by a
process of sedimentation. The impfgtance of such an investL -
gation is evident in view of the theory put forward by
Martin (page /9 ), namely, that the action of snake venoms
on the blood coagulability 'in vivo' probably depends o
the fact thae,as a result of a great destruction of cells,
especially of the red cells of the blood, by the poison,

a large quantity of nucleo-proteids is set rregjand that it
lis these nucleo-proteids which affect the blood coagulabili-
ty.

Some of the experiments detailed below were made along
with Professor Margin, to whom I am indebted for much valu-
able suggestion and encouragement.

In these experiments the same samples of citrate and
oxalate plasma were used throughout, so that it will suf-
Ticejonce for all, to give a short description of the manner

in which these were obtained and kept. They were both got
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from the horse. In the case of the citrate plasma one
1itre of blood was drawn into 50 c.c. of a 20% solution of
citrate of soda (0.75% saline solution), that is to say,

there was 1% citrate in the whole blood. This was kept in

~an ice chest (temperature about 14°c.) for 48 hours. Then

the supernatant plasma was syphoned off into small bottles,
which were stored in an ice chest till required.

In the case of the oxalate plasma one litre of blood
was drawn into 40 c.c. of a 57 solution of oxalate of potash
(0.75% saline solution), that is to say, there was 0.29
oxalate in the whole blood. This was then treated in exact-
ly the same way as the citrate blood. The plasma was like-
wise stored in the ice chest ti1ll required. Strict aseptic
precautions were observed in the collection and storing of
these samples of plasma.

Just before use in both cases the bottles’were well
shaken up and heated in an oven at 37°C. for a short ﬁime.

The next step was to determine the amount of soluble
1ime salt which it was necessary to add to a given quantity
of each plasma to procure rapid and firm clotting. To save
repetition it may be stated here that in all these experi-
ments 2 c.c. of plasma was the amount run into each tube,

and that a 1% solution of calcium chloride was employed as

~ the lime solution.

The results of this estimation are detailed in table
XVI of the protocols. From this table it will be seen that
0.5 c.c. of the lime solution clotted 2 c.c. of citrate
plasma in less than 8 minutes, and that 0.4 c.c. of lime
solution clotted 2 c.c. of oxalate plasma in 10 minutes.
These,then,were the quantities of lime solution used in the
experiments with cobra venom.

Having, by preliminary observation, ascertained that
cobra venom did prevent clotting of both citrate and oxalatL

plasma, I next proceeded to estimate the amount of venom

which was able to effect this)when added to the plasma two
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hours before the addition of the quantity of lime solution
sufficient to cause clotting.of the control in a few minutes,

The results of these estimaﬁﬁg are detailed in tables
XVII and XVIII of the protocols. In the case of citrate
plasma (table XVII) it was found that 1 milligramme{ of
cobra venom was sufficient to keep 2 c.c. of plasma perma-
nently liquid, and that amounts less than this down to 0.2
milligrammﬁ,had a very marked inhibitory action on coagu-
lation, the clot which had formed after 20 hours being
always soft and loose., The control}@s with the same amount
of lime as the venom tubeéfclotted solidly in a few minutes.
The similarity between this result and that detailed in
table XII, the series of experiments in which citrate whole
blood was used, allowance being made for the plasma being
double the amount of the whole blood, is striking and wortqy
of note. In the case of oxalate plasma (table XVIII) it was
found that even 0.2 milligrarme of cobra venom was able to
keep 2 c.c. of plasma unclotted for a period of atpeast 20
hours. The control with the same quantity of lime added
clotted solidly in ten minutes. These results, then, con-
firm and further extend the ohservations with citrate whole
blood, which I have already recorded. They show that the
haemolytic agtion of cobra venom is quite indejpendent of
its action in inhibiting coagulation, that, in fact, the
action which this poison has on the blood coggulapility
does not depend on the destructive effect which it has on
the red blood corpuscles and other cells. It would, there-
fore, appear certain that the action of one venon at any
rate, namely, cobra venom, on the blood coagukation 'in
vivo' cannot be explained by Martin's hypothesis, that is
to sa¥7the setting free of nucleo-proteids as a result of

the great destruction of the cells of the body in general,

and of the red ceils in particular, which is caused by this
poison. It cannot, however, be said from these experiments

that nucleo=-proteids play no part in this phenomenon, as
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plasma prepared in the manner I have described is rich in
these substances, derived, as they are, from disintegra-
tion of the whise cells of the blood after its withdrawal
from the vessels.,

With the view of further investigating this action of
cobra venom two series of experiments were made with a
sample of hydrocele fluid. This sample did not clot on the
addition of a soluble lime salt, but was clotted solidly
by the addition, either with or without a small amount of
l1ime, of a small quanity of eitrate donkey plasma (17). It
was found that 0.1 c.c. of this plasma clotted 2 c.c. of
hydrocele fluid in about 20 minutes. A reference to tables
XIX and XX of the protocols will show that even 0.1 milli-
gramme of cobra venom was sufficient to completely inhibit
the clotting of this sample of hydrocele fluid, as brought
about by the addition of a small amount of citrate plasma,
when the venom was allowed to act on the plasma for ken
minutes before the addition of the hydrocele fluid. The
addition of a small quantity oE?%igé salt did not affect
this result in @ny way. Taking these observationg,along
with the others already recordeq/into consideration, I can
only conclude that cobra venom owes its anti-clotting power
either to some obsfcure chemical combination which it effects
with the nucleo-proteids, rendering these substances inert
as far as coagulation is concerned, or to an action of a
destructive nature on the hypothetical fibrin ferment con-
tained in plasma. I have been unable, so far, to procure
nucleo~proteids, except as contained in plasma, which were
able to cause clotting of any sample of hydrocele fluid whick
I could procure. It is impossible, therefore, to exclude
the action which the venom may have on any ferment which
may be contained in plasma. Further experiments are, how-
ever, in progress and will form the subject of another
communication.

I may now pass on to put on record# some experiments,

which bear on the action which daboia venom has on the
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coagulability of citrate and oxalate plasma 'in vitro'. As
the same s:mples of plasma}which were employed forhthe
experiments with cobra venom were used for these experi-
ments, it is unnecessary to again detail the method of their
preparation. ‘

We have already seen(tables X to XV) that daboia venom
has a marked action on the coagulability of citrate whole
blood. It »s has been demonstrated that it can, even
without the addition of any soluble lime salt, produce solid
clotting of citra&e whole blood and,further, that it con-
tains no substangefiﬁélogous to the substance contained in
cobra venom, a substance which has such a remarkable power
of completely inhibiting the coagulation of citrate blood
as brought about by the addition of a soluble lime sault.

Three series of experiments were made with daboila
venom and citrate and oxalate plasma.

In the first series varying quantities of the venonm
alone were added to a series of tubes each containing 2 c.c
of citrate plasma. A reference to the protocols (table XXI)
will show. that, as in the case of citrate whole blood,
daboia venom causes clotting of citrate plasma without the
addition of any lime. Thus any quantity of venom from 3 to
5 milligrammes clotted 2 c.c. of plasma in less than 3
hours: with an amount between 0.4 and 1 milligramme clot-
ting occurred, but was delayed for abotut 20 hours: while
0.2 milligramme caused only a slight clot after 20 hours.

The second series of experiments (table XXII) was
similar to the above series, only oxalate plasma was sub-
stituted for citrate plasma. The restilts obtained show
that daboia venom causes vﬁ& slight clotting of plasma of
this nature, for even 5 milligramzes of venom produce only
a feeble clot in 2 c.c. of plasma after 20 hours; smaller
amounts down to 0.6 milligrarme had the sane effect, while
0.4 milligramme produced no clotting at all.

The third series of experiments was made With the

object of ascertaining the reason of this difference betweesz
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citrate and oxalate plasma. In this series (table XXIII)
to each tube of oxalate plasma, at the same time as the
daboia venom was added, there was run in a small amount of
soluble lime salt, an anount, however, not sufficient to
clot the control in 20 hours. As a result of this addition
of lime the contents of each tube clotted solidly in about
10 minutes. It is, therefore, apparent that the failure
of dabola venom to produce solid clotting of oxalate plasma,
while it does clot citrate plasma, is due to the fact that
the oxalate of 1ime 1s a more insoluble salt than the
cltrate. The coagulation of plasma by daboia venom does
not take place independent of apertain amount of lime salt
in solution. The venom accts, evidently, by increasing the
coagulability of the plasma}but solid formation of clot
éaﬁnot take place unless a small quantity 8f lime in solu-
tionyin some form or other, is present as weli.

With a view of further searching for a working hypo-
thesis to explain this action of daboia venom on blood
plasma, experimenps were made to asgertain whether or not
this poison caused clotting of hydrocele fluid, either with
or without the gddition of a soluble salt of lime. The
sample of hydrocele fluid used was clotted solidly on the
addition of a small amount of oxalate plasma; it was, in
fact, the same sample which was employed in the experiments
with cobra venom detailed in tables XIX and XX of the proto=
cols.

The results of both these series of experiments were, -
however, entirely negative (table XXIV of protocols). Even
5 milligrammes of venom produced no clotting in 2.c.c. of
hydrocele fluid either alone or when lime was added. It is
evident, then, that in whatever manner daboia venom does
act in increasing coagulabhility, it cannot replace the sub-
stances in plasma, be they nucleo-proteid, ferment or both,
which are so intimately connected with the phenomenon of
coagulation.

Further, Martin's hypothesis, namely, that the



-35=-
remarkable intravascular clotting, which some snake venonms
produce 'in vivo', is due to the setting free of a large
quantity of nucleo-proteids/the result of the great des-~
truction by the venom of cellg,and of red blood corpuscles
in particular, receives no support from the observations
with daboia poidgh which I have collated above. When we
consider that thls venom is able to markedly increase the
coagulability of citrate or oxalate plasma, which no doubt
contains nucleo-proteids but is free from cells, it is
at once apparent that thils *destruction' theory of Martin
does not furnish a sufficiently definite mental picture of
the phenomena, when looked at in the light of these new
facts which I have put forward arove, It would appear,
rather, that the ultimate cause of this increase of coagula-
bility produced by duboia venom is some obsfcure inter-
action between the poison and the nucleo-proteids, or bet~
ween the poison and the clotting ferment. It is Mgrtainly
not the result of tﬁe setting free of normal nucleo-proteids$
through the destruction of the cells by the poison.

We have seen that cobra venom can prevent the co..ju-
lation of cltrate plasma, which takes place on the addi-
tion of a soluble salt of lime, and that, on the other hand,
daboia venom has a marked action in increasing the co:ngula-
bility of this plasma. It is interesting, now, to be able
to record a series of experiments, which were made with the
object of determining, what would be the result of the
addition of cobra and dahoia venoms together to citrate
pPlasma. In this series of experiments 5 milligrammes of
cobra venom were added to each tube of a series containing
2 c.c. of plasma. This, as we have seen, is a quantity of
venom five tiné?greater than the amount, which can com-
pletely inhibit the coagulation of citrate plasma that
takes place on the addition of a soluble salt of lime.Half
an hour afterwards a different amount of daboia venom was
run into each tube. Thé;amount varied from 5 to 0.2 milli-

grarmes. When we compare the results ohtained in this
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series of experiments (table XXV) with the results obtained
in the series of experiments already detailed (table XXI),
in which daboia venom alone was added to the plasma, it
will be seen that the previous addition of this large
quantity of cobra venom had no effect in even delaying the
time in which the various amounts of venom brought «bout
coagulation of the plasma. In other words, the presence
or.a large quantity of cobra venom does not inhibit in the
slightest degree the clotting action of daboia venom.
Although it is hardly justifiable to make deductions,

from the results of experiments 'in vitro} as to what obtains
'in vivo', it appears to me interesting and important to
draw attention to the following considerations.

" I have mentioned in :n early part of this communica-
tion that, when a quantity of dabola venom not sufficient
to cause intravascular clotting is introduced directly into

the blood stream of an animal, the blood coagulability be-

comes markedly diminished. Further, along with Dr.Hanna, I

‘have shown that, when this negative phase of blood coapgula-

bility has once developed, the injection of even large
quantities of daboia venom does not increase‘the blood
coagulability, and that in consequence it is now impossible
to cause death fron intravascular thrombosis. Again, I
have shown in this paper/that this negative phase of blood
coagulability is not obtained in experiments with daboia
venom and citrate blood 'in vitro'. When we consider these
facts in fhe light of the experiments both 'in vivo' and
*in vitro' with cobra venom, the results of which have

been collated above, namely, that this poison has both 'in
vivo! and 'in vitro' a marked power of preventing coagula-
tion or diminishing the coagulability of blood, and in the

light of the experiments 'in vitro' with cobra and dahoila

venoms together, great support is given to the conclusioq/

which I have already stated, namely, that the substances
contained in cobra venom which affect blood coagulability

are quite different, hboth in nature and in action, from the
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substances contained in daboia venom which likewise affect
the coagulability of the blood. While, therefore, super-
ficial and cursory observations might lead one to conclude
that the action of cobra and dahola venoms on blood plasia
only differed in degree and not in nature, I hold that
Mtk se obéérvations are sufficient to show/thaf this is not
the case, and that in this, as in other respects, these
two snake venoms differ widely from one another.

| Finally, I may now sum up the conclusions, which the
observations detailed in this paper, would appear to justi-
Ty « |
1) Cobra venom and daboia venom have a marked haemolytic
action both 'in vivo' and 'in vitro'. While the haermolytic
action of cobra venom is better observed 'in vitro' than
*in vivo'!, the reverse holds good in the case of d.boia venom.
The haemolysing constituent of cobra venom is not a pro-
teid coagulable by heat.
2) Cobra venom never produces intravascular clotting. In-
Jected either intravenously or subcutaneously it brings
about a certain but not well marked, diminution in the hlood
coagulability. No symptoms as a rule result from this
diminution of blood coagulability.

On the other hand the result of the injection of

dahoia venom in sufficient quantlty is rapid death, due to
an extensive intravascular clotting. Should, however, the
quantity of poison injected not be sufficient to cause this
clotting, a negative phase of marked diminution of blood
coagulability supervenes. Symptoms of an urgent nature may
result from this diminution of blood coagulability.
3) 'In vitro' cobra venom completely prevents the clot-
fing of citrate whole blood, of citrate plasma and of
oxalate plasma, which results normally from the addition
of a small quantity of a soluble salt of lime.

'In vitro' daboia venom has a marked action in in-

creasing the coagulability of citrate whole blood, citrate
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plasma and oxalate plasma. Even in small amounts it dcees
not produce 'in vitro' any negative phase of blood cou ula-
bility which is such a prominent action 'in vivo!'.

The constituent of cobra venom which affects the
blood coagulability is not a proteid coagulable by heat.
4) Cobra venom and daboia venom differ widely as regards
the nature of their action on the red blood cells and on
the coagulability of the blood plasma. Calmette's state-
ment, therefore, that all snake venoms are alike in their
physiological action is, by this fact alone, shown to be
untrue and must be modifiled.
5) Martin's hypothesis, namely, that all snake venoms
contain at least two toxic proteids, A & B, A, being a
neuro-tropic poison incoagulable by heat; B, a haemo-tropic
poison coagulable by heat, and that the venom of one variegy

of snakes differs from that of another variety only in the

'proportionate amounts of the constituents A & B contained

therein, is shown to be a theory which does not fit in with
the facts now availabtle. This conclusion was foreshadowed

: &
in tke paper on daboia venom which I published along with
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Dr . Hanna.

6) Martin's other hypothesis, namely, that the action of
snake venoms on the blood coagulability 'in vivo' is due to
the setting free of a large quantity of nucleo-proteids,
the result of the destruction of cells, and especially of
red blood cells, by the venom, is not a theory which forms
a complete mental picture of the phenomena in the light of

the new facts I have put forward. It is evident that it

will have to be considerably modified to suit these facts.
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Table I

Experiments to show the effect of heating solutions of
cobra venom of different strengths on the haemolysing power
of this poison.

A sample of cobra venom was dissolved in 0.6% salt
solution. The strength of this solution was 1%. From this
original solution a tenfold dilution was prepared. Portions
of these two solutions were heated for half an hour at 75° C
and then filtered. An estimation of the haemolytic power
of the original unheated venom and of these two heated
samples was made. Xach tube in the series contained 0.5 c.c.
of venom solution, which was half the strength of the solu-
tion in the tube next above it in the series. The dilu-
tions were made with 0.67 saline solution. Fresh blood of
the same animal, namely, a rabbit, was used. The amount%?ééu%
added to each tube was 0,005 c.c. The observations were re-
corded 20 hours after the preparations were made.

Strength of venom Unheated Heated 1% Heated 0.1% solu-
solutions solution tion.

0.5 c.c=0.5 mgr "CL.H. C.H. C.H.

0.5 c.c.=0.25 mgr C.H. C.H. c.H.

0.5 ¢c.c.=0.125 mgr C.H. C.H. Trace H.
0.5 c.c =0.0625 mgr C.H. Nearly C.H. N1

0.5 ¢c.c®0.0312 mgr Cc.H. Nearly C.H. Vil

0.5 c.c~0.015p mgr C.H. Trace H. Nil

0.5 ¢c.c.=0.0078 mgr Trace H. Nii Nil

0.5 c.c.=0.0039 mgr Wil Nil Nil

0.5 c.c=6% Salt Wil Wil - N1l
Solution (control)




Tote. In this and the following tables the following

degrees of haemolysis were recorded.-
" Complete Haemolyéis (c.H.)

Haemolysis (H)

Slight Haemolysis (Slight H) ° - e

-

Trace Haemolysik;’TfécbuH.

aroc ome

" No Haemolysis. Nil.
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Table II.

Experiments to demonstrate the result of the haemo-

lytic action of daboia venom 'in vitro' on the blood of man,

monkey,rabbit, guinea-pig and pigeon.

The salt solution used to dissolve the venom in each

series was of such a strength as did not produce of itself

any

which did produce slight laking.

laking.

It was abouto.l? stronger than the solution

The dilutions were made

with the corresponding salt solution in the same way as in

the previous series.

each tube was 0,005 c.c.

hours after .

The amount of fresh blood added to

the preparations were made.

The observations were recorded 20

Strength of venem Human Monkey's | Rabbit's | Guinea- igeon's
solutioens Blood Blood Blood pig's Blood
(.6% sa- | (.6% sa-| (.67 sa-| Blood (.7% sa-
line) line) line) (.7% sa- [line)
line)
@.5 c.c.=2 msro - - —_— H‘
" ‘:'1 m‘!’. N‘arly might Cc. H. ¢. H.
c. H. H. -
" =0.5 mgr. Slight H. C. H. Nearly ¢. H. ¢. H.
: . C.H,
" =0.25 Mgr. C.H. ¢. He. C. H. ¢. H. Trace H.
» = 00125 mgr. TraC. H. G‘. Ho eo Hc 0. Ho Trace H.
" =0.,06825 mgr. Prace H. H. C. He ¢. B. Trace H.
':0.%125 msro Tl'ac. H. Tl"aCQ Ho Ho c. Ho H‘
" —=Q0,00156 mgr. Nil Trace H, |Slight H.|Slight H. Nil
——
v = 0,0078 mgr. Nil Nearly Nil Prace H. |Trace H.
) OQH.
» - 0.,0039 mgr. Nil Nil Nil Nil Nil
w galt solution (eontrol] Wil Nil Nil Wil Nil

N\




Table III.

I
Experiments to demonsirate the variability ef the haemolytic action

of daboia venom 'in wvitro!.

The same technique 'as the previous series of experiments was

used : 0.005 c.c. of fresh rabbit's bloed was added to each tube.

Observations were recorded 20 hours after the preparations were

put upe.

Strength of venom solution Result.
0.5 c.ce =1 mgr. Trace He.

" = 0,5 mgr. Nil

" = 0.25 mgr. Trace H.

"  =0,125 mgr. ¢. H.

. =0.0625 mgr. eo H.

- =0o0512 mgl‘. . He.

. =@.0156umgr. C. I:I.
- " = 0.0078 mgr. Trace H.

* =65 9 saline(control)‘ Nil




Table IV,

Bxperiments to show the effect of heating a weak solution of daboia

yenom on the haemolysing power of this poison.

A 0.1 7 solution of daboia venom in 0.6 ¢ saline solutimn was

dlvided into two portions. One portion remained unheated and the

wuh
other portion wmheated for half an hour at 7
A~ .

0

5 C., and then filtered.,

The dilutions were made in the same way as the series of experiments

detailed in table I. To each ‘tube was added 0.005 c.c. of the same

rabbit*s blood. The observations were recorded 20 hours after the

preparations had been made up,

Strength of venom

Unheated solution

Heated solu-

solutions tion.
R ————y

Q).5 CeCe :0.5’ mgl‘ ﬁn.ight H. Nril

. = 0,25 mgr H. Nil
=0.125 mgr H. Wil
“ = 0.0625 #Hgr ¢. H. Nil

L-A‘xn

‘r = 0.@512 mgl" H. Mil
. — 0.0156 mgr Nil Nil
= 0.0075mgr Wil Nil
. = 0,0039 mgr Nil Nil
(Gontrol) 0.5 c.c=0.6 % saline Nil Wil




Table V.

Bxperiments to demonstrate the result of the action of non-

lethal doses of cobra venom injected subcutaneously on the

blood coagulahility of rabbits ,as estimated by Rright's coagu=-
- 4

lometer tubes.

wes

A 0.1 ¢ solution of cobra venomAused. The observations were

made at intervals of 24 hours. The lethal dose of cobra venom

for a rabbit varies with the sample of poison from 0.3 to 0.5

milligramme# per kilo of body weight. The normal coagulation

time of rabbitt's blood)as estimated by Wrightt's tubeg}is from

2 to 3 minutes.

™

Weight in|Amount of Coagulation time in
venom pey minutes .
grammes |kilo in s
Animal milli- 24 hours | 48 hour%?Z hours
grammes |after in- after inafter in- Remarks.
jection jection [jection
Rabbit 1| 1640 Je 35 8 10} &3 Was very ill and
lost weight
Rabbit 2| 1680 0e 3 5% 65 45 Was ill and lost
weight
Rabbit 3 1370 pe 3 6 5 S Was very 111l and
lost much weight
Rabbit 4| 1820 O« 25 6 4 4% Was 111 and lost
| | weizht
Rabbit 5| 1620 0. 25 4% 5% a4k Lost slightly in
welght
Rabbit 6| 1620 e 2 4 — - No symptoms




Table ¥I.

Bxperiments to demonstrate the result of the action of a large

(a]ra YeRITIZ 272 The w¢j‘¢k31 14{7 aft
quantity of citrate blood 'in vitro®’.

A

eitrate rabbit's blood (1-50) was used: each tube contained

1 c.c. of this blood. The.strength of the cobra venom solution

was 1 c.c.—=25 milligrammes. The soluble lime sidlt, namely a 2%

solution of calcium chloride, was added two hours after the

~ venom,

Citrate blood

Cobra venom

talcium chlorido

(1 in 50) (2.5 ¢ solution) solution (2 %) Result.
in
millligrammes,
1 c.c. 30 0. 3 c.c. Quitep.iquid
1l c.c. 20 0. 3 c.c. 24 hours afterwards
7
1 e.c.(contro Clossed solid in

) M1

0. 3 C.Ce

3 minutes.

%‘?:,‘*“
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rable Vil.

- RBstimation of the amount of cobra venom which can inhdbit the co-

agulation of citrate blood 'in vitro'.

The solutions of cobra venom used were of three strengths viz.,
0.2 4, 0.1 %, and 0.0L ¥ respectively. These were prepared with
saline solution (0.6 7). A quantity of a solution of calcium chloride,
sufficient to clot the control in 3 minuteg,was added to each tube
of X c.c. of blood 2 hours after'tﬂe cobra venom has been run in. This

quantity was 0.3 e.c. of a 1 4 solution. Observations were made at

periodical intervals.

‘@obra venom | Calcium chlopidJ

Ccitrate in solution(l %,

blood(1~50) milligrammes | Result.

1 c.c. 2 0.3 ceCe Liquid after 20 hours

I c.c. 1.2 0.3 c.C. do

I c.c. 0.8 0.3 c.C. do

I c.c. 0.6 0.3 c.C. do

I c.c. B.4 0.3 CoCe do

1l c.c. 0.2 0.3 c.c. Iiquid after 4 hours.
Slight clot after 20 hours.

L c.c. 0.1 03 CaCe .| Liquid after 4 hours,

| ®lotted after 20 hours,

I c.c. .08 0.3 c.C. clotta@lbut not soli&/after,
2 hours.

I c.c. 0,06 0.3 CceCe Glotte@/but not soliq/after
2 hours.

1 c.c. | 0.04 0.3 c.Ce Clotted solid after 2 hours.

1 c.c. 0.02 0.3 c.C. tlotted solid after 2 hours.

T C.Ce Vel U.3 E.C. Clotted solid after half an
hour.

1 c.c. Nil 0ed C.C. clotted solid in 3 minutes.

(controlj ]

]
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Table VIII.

-
Experiments to show the effect of varying the interval of time
between the addition of cobra venom and the addition of the
&
soluble lime salt to citrate blood in the coagulation-inhibitbgz
action of the venom .
citrate rabbit's blood (1-50) was used. A fixed amount of venom,
namely, 1 milligrarme, dissolved in 0.5 c.c. saline solution ,
was added to each tube,containing 1 c.c. Of citrate blood. A
quantity of calcium chlotide solution, namely, 0.5 c.c. of 1 4
solution, was added to each tube at varying intervals after the
venom, This amount clotted the control in 2 minutese
Citrate blood | Cobra venom, 1 Calcium chloride
(1-50} milligramme)added solution (L %) Result.
at 0.5 c.c. added
at

1 c.c. 2.23 Pl 2025 P.n. Solid clot in 2 hours.

l c.c. 2.43 pJnme. - 2.58 p.m. 8light clot in 2 hours.

1 c.c. 2,17 p.n. 2.47 p.n. Liguid after 2% hours,

1 c.c. 2.17 p.m. 3.17 p.m. Liquid after 2% hours.

1 c.c. Nil 3 P.n. S0lid clot in 2 minutes

(Control) .




Table IX.

Experiments to demonstrate the result of the action

of the filtdrate, which results after heating and filtering

a solution of cobra venom, so as to remove all proteids coa-

gulable by heat, on the coagulability of citrate whole blood.

A 0.27 solution of cobra venom was heated at 75°C. for
half an hour. The coagulated proteids were then removed
by filt*ration.

A different amount of the filt¢rate, as indicated be-
low, was added to each of a series of tubes containg 1 c.c.

6f citrate rabbit's blood. A quantity of calcium chlorice

.solution, namely, 0.3 c.c. of 19 solution, sufficient to

clot the control in 2% minutes, was added to each tube two

. hours afterwards. The weilghts refer to the original un-

heated venom.

Citrate Blood Heated cobra Calcium chloride Result.
(1 in 50) venom in milli-| solution (1%)
grammes

No clot after 2

1l c.c. 2 - 0.3 c.c. hours. Solid clot
after 20 hours.
Yo clot after 2
hours. Sellid clot

lc.c. 1 0.3 c.c. after 20 hours.
8light clot after
1 hour. S0lid clot

1ec.c. 0.6 0.3 c.c. after 20 hours.
Clotted nearly
solid after 2

1l c.c. 0.4 0.3 c.c. hours.
Clotted nearlyﬁ__
solid after 2

1 C.C. 0.2 0.5 C.C. hours-
Solid clot after

1 e.c. 24 minutes.

(Control)

Nil 0.3 c.C.
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. Table X.
L
Experiments to demonstrate the result of the action
of daboia venom on the coapulability of citrate whole blood
tin vitro'. A small quantity of soluble lime salt was
added to each tube as well as the venom.
Each tube contained 1 c.c. of citrate rabbit's blood
(1 in 50). A solution of venom (0.67 saline) of strength
1l c.c=2 milligrammes was prepared. From this solution
successive two-fold dilutions were made. To each tube of
‘éitrate blood there was added 0.5 c.c. of each dilution of
thé poison solution; at the same time there was added
0.05 c.c. of a 0.59 solution of calcium chloride, an amount
not sufficient to clot the control in 6 hours.
Citrate Daboia | Calcium
Blood venom chloride Result.
(1 in 50) in milli-| solution
grarmmes | (0.5%)
1l c.c. 1 0.05 c.c. Clotted solid in 6 minutes
1l c.c. 0.5 0.05 c.c. Clotted so0lid in 10 minutes
1_c.c. 0.25 0,05 c.c. Clotted so0lid in 8 minutes
1 c.c. 0.125 0.05 c.c. Clotted solid in 7 minutes
1l c.c. 0.0625 0.05 c.c. Clotted solid in 5 minutes
1l c.c. 0.03125 0.05 c.c. Clotted solid in 5 minutes
1 c.c. 0.01562 0.05 c.c. Clotted solid in 8 minutes
1l c.c. 0.00781 |0.05 c.c. Clotted solid in 9 minutes
1l c.c. 0.0039 0.05 c.c. Clotted solid in 15 minutes
l c.c. 0.0019 0.05 c.c. Clotted solid in 21 minutes
1l c.c. 0.0009 0.05 c.c. Clotted soiid in 33 minutes
1l c.c. 0.0004 0.05 e.c. Clotted solid in 36 minutes
1l ec.c. 0.0002 0.05 c.c. Clotted solid in 60 minutes
Teo. o
[ Control | Nil 0.05 c.c. Quite liquid after 6 hours




Table XI.

~—

Experiments to ascertain if any diminution in the
coagulability of citrate whole bloodg results from the addi-
tion of small quantities of daboia venom.

Citrate rabbit's blood (1 in 100) was used. Each tube
contained 1 c.c. of this blood.- From an original solution
of daboia venom of 0.29 strength a succession of two-fold
dilutions was prepared as in the previous experiment. The
high dilutions only were used, and 0.5 c.c. of each of these
was added to each tube of citrate blood, One hour after the
addition of the venom the same quantity of calcium chloride
solution was run into each tube. Thié quantity clotted the
control tube in about 4 to 5 hours. The time of clotting
noted refers to the intermal of time hetween the addition
of the lime and the occurrence of solid clotting.

Citrate Daboia venom | Calcium
Blood in milli- chloride Result.
(1 in 100) |grammes solution
(0.59)

1 c.e. 0.000976 0.1 c.c. Solid clot in 20 minutes
1l c.c. 0.000488 0.1 c.c. Solid clot in 21 minutes
1 c.c. 0.000244 0.1 c.c. So0lid clot in 21 minutes
1 c.c. 0.000122 0.1 c.c. S0lid clot in 34 minutes
1 c.c. 0.000061 0.1 c.c. Solid clot in 1} hémrs.
1 e.c. 0.0000305 0.1 c.c. Solid clet in 1 hour
1 c.c. 0.0000152 0.1 c.c. Solid clot in § hour
1 c.c. 0.0000076 0.1 c.c. Solid clot in 1% hours
1l c.c. 0.0000038 0.1 c.c. o clot after 2 hours

' 0 . Nearly solid clOt 1 1 nhoul.
1 c.c. 0.0000019 -1 ¢.c. then lost
1ec.c. 0.0000009 0.1 c.c. Solid clot in 2% hours
1l c.c. il 0.1 c.c. Tearly solid clot after 4 hours
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Table XII.

Experiments to demonstrate the result of the action

of daboia venom on the coagulability of citrate whole blood

when the citrate is present in an amount just sufficient to

keep the blood permanently liyuid. No soluble lime salt was

added;

| Rabbit's blood was received into a solution of citrate
or'sodé 50 that the latter was in the proportion of 1 to
100 of the blood, namely, 15 c.c. of fresh blood was mixed
with 0.75 c.c. of a 207 solution of citrate. ZHach tube
contained 1 c.c. of this citrate blood. From an original
solution of dahoia venom of a strength of 1 c.c~1 milli-
gramme a series of two-fold dilutions was prepared: 0.5 e.c
of each of these dilutions was added to each tube of blood.

No soluble lime salt was added.

citrate blood Deaboia venom in Result
(1 in 100) Milligrames

I c.C. 0.5 Selid clot in 35 minutes
1 c.c. 0.25 Solid clet in 50a’m1nutes
I c.c. 0.125 golid clot in 1 hour

1 c.c. 0.0625 Solid clot in 13 hours

1l c.c. 0.03125 Selid clot in 2 hours

I c.c. 0.,0156 . No clot after 2 hours

I c.c. @.0078 No clot after 2 hours

1 c.c. ©.0039 No clet after 2 hours
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Table XIII..

Experiments to demonstrate the result of the action of

daboia venom on the coagulability of citrate whole blood

when the citrate is present in exces8; namely, double the

ﬁinimum amount necessary to keep the blood liquid.No solu-

ble lime salt was added.

Rabbiﬁ's blood was received into a solution of citrate
of sodé, 15 c.c. being run into 1.5 c.c. of a 207 solution
6f this salt. The proportion of citrate to blood wag/there—
rorg as 1 to 50. The blood was then divided up into a
series of test tubes, 1 c.c. being run into each test tube.

Varying amounts of a 0.2% solution of daboia venom

were added to'each tube. No lime solution was added.

Citrate bloeod Daboia venom in
. Result ’
(1 in 50) Milligrammes
1l c.c. 2 Selid clot in 37 minutes
1 c.c. 1.6 Selid clot in 39 minutes
1l c.c. 1.4 , Selid clot in 41 minutes
1l c.c. 1.2 So0lid clot in 43 minutes
T T —Sottd—otrot—im T —hour Tt 12 -
minutes
1l c.c. 0.8 _ Clotted but not solid in 1 hour
1l c.c. 0.6 Solid clot in 1% hours
I c.c. 0.3 Cletted but not solid in 2 hours
I c.c. 0.2 Cloetted but not selid in 2 hours
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Table XIV.
Experiments to show the effect of heating a 0.279 solu-

tion of daboia venom on its power of clotting citrate blood

tin vitro!'.

Citfate_rabbit's blood (1 in 100) was dsed. The venom .

solution(0.2% in 0.6% saline ) was heated for half an hour
at 75°0.:’it was then filtered. Varying quantities of the
filt§rate were added to 1 c.c. of the citrate blood. The

wéights of venom refer to the original unheated dried poiso»,

Citrate bleod | Heated daboia
(1 in 100) venom in milli- Result
. grammes
S
.1 c.c. 2
1l c.c. 1 No-sign eof clotting“aftcr three hours
1l c.c. 0.6

el
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Table XV.

- -

agulability of citrate blood.,
. Citrate rabbit's blood (1-50) was used: 1 c.c. of
this blood was measured into each tube,

A solution of daboia venom (0.2% ian.G% saline solu-
tion) was heated for half an hour at 72 C and then filtered,
Varying quantities of the filtrate were added to each tube.
The Weights refer to the original unheated venom. Three
hours after the addition of the venom 0.15 c.c. of a 2%

calcium chloride solution was added to each tube, a quanti-

ty sufficient to clot the control in less than 2 minutes.

Heated Calcium chloride Result

Citrate blood
(1 in 50 ) daboia solution 27.
venom in
milligrammes
1l c.c. 2 0.15 c.cC.
Solid clot in less
1l c.c. 1 0.15 c.c. than 2 minutes after
the addition of the lir..
1l c.c. 0.5 0.15 c.c. gl
1 c.c. ' S0lid clot in less

(Control)

Ni1i 0.15 c.c. than 2 minutesg
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— Table XVI.

a) Bstimation of the amount of soluble lime salt re-

quired to detquiggwgkotting_of citrate horse plasma (1%).

To each tube containing 2 c.c. citrate plasma (1 in
100) there was added a different amount of a solution of

calcium chloride (12).

Citrate ~ |Calcium ehloride

plasma 1% | solution. 1% Result

2 C.C. V.l c.C. Found clotted i1n 4 hours

2 c.Cc. 0.2 c.c. Found clotted in 3 hours
2 c.c. 0.3 c.c. Found clotted in 3 hours

2 c.c. 0.4 c.c. Found clotted in 1 hour

2 c.c. 0.5 c.c. Found clotéed In 8 minutes

b) Estimation of the amount of soluble lime salt re-

gpiqggNﬁgnggﬁgggiggwg;ggging of oxalate horse plasma (0.27)

To each tube containing 2 c.c. oxalate plasma (0.2%)
there was added a different amount of a solution of cal-

cium chloride (1%).

Oxalate Calcium chloride

plasma . .solution 1% Result
(0,2%) ,

2 c.c. 2.1 c.c. {1 No clot after 20 hours
2 c.c. 0.2 c.c. No clot after -20 hours
2 c.C. 0.3 c.c. clotted in 20 minutes
2 c.c. Q. 4 c.C. Clotted in 10 minutes
2 c.c. 0.5 c.c. | Clotted in 20 minutes
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Pahle XVII.

Estimation of the amount of cobra venom which can inhibit

the coagulation of citrate horse plasma.

Each tube contained 2 c.c. of citrate horse plasma (1%).

To each tube was added a different amount of a solution of
cebra venom, which was made up in two strengths, namely,

1 ¢ and 0.2 ¥ respectively. TWO hours after the addition of
the cobra venom 0.5 c.c. of 1 ¢ cg%ium chloride solution
was run into each tube. This quantity of lime clotted the
gcnmrol in 3 minutes,

The following was the rqsult obtainedl-

i : Cobra venom | Calcium Chlp-
¢itrate plasma in milli- ride solu- Result
14 grammes tion 1 ¢
2 C.C. 5 0.5 c.c. Ne clot after 20 hours
CeCo 4 D5 cacCe No clot after 20 hours -
C.C. 3 0.5 c.c. |No clot after 20 hours -
CeCa 9, 0.5 C.Ce No clot after 20 hemnrs- .
c.C. 1.. 0.5 c.c. |No clot after 20 hours:=-
C.C. 1 0.5 c.c. Mere trace of clet after 20
-~ : hours
c.c. 0.8 @.5 c.c. |Slight clot after 20 hours
C.C. Q.6 0.5 c.C. Clotted but not firm after 20
: hours
C.C. 0.4 0.5 c.c. Clotted but not firm after 20
hours A
C.Ca 0.2 0.5 c.c. clotted but not firm after 20
: . lhours
c.c.{control) Nil 0.5 c.c. tlotted in 3 minutes
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Table XVIII,

Bstimation of the amount of cobra venom which can inhibit

the coapgulation of oxalate horse plasma.

A similar technique was used in this series of experiments,
as was employed in the series detailed in table XVII.
Oxalate plasma (0.2 %), however, was substituted for the
citrate plasma, and the amount of lime solution added to
each tube was 0.4 c.c. of a 1% solution, an amount which
clotted the control in ten minutes.

The féllowing was the result obtained:-’

Cebra venom|l Calcium
Oxalate ' - in chloride Result
plasma(P.2%) | Milligrammep solution 1%
2 c.c. 5 0.4 c.c. No clot after 20 hours
2 c.c. 4 | 0.4 c.cC. | . do
2 c.c. ? 0.4 c.C. do
2 c.c. 2 0.4 c.c. -de
2 c.c. ) 1 0.4 c.Ce. do
2 c.c. 1 0.4 c.c. vdw
2 c.c. 0.8 0.4 c.c. do
2 c.c. 0.6 0.4 c.C. do
2 c.c. ) 0.4 0.4 c.c. do
2 c.c. 0.2 0.4 c.c, do
2 c.c.lcontro]) Wil  |0.4 c.c. clotted in 10 minutes
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Table XIX.

Bxperiments to ascertain if cobra venom can prevent the

clotting of hydrocele fluid which results from the addition

of a small quantity of citrate plasma.

It was by experiment found that Q.1 c.c. of citrate
donkey's plasma (L %) clotted 2 c.c. of a sample of hydro-
cele fluid in about 20 minutes. |
A series of tubeswas prepared each containing 0.) c.c. of
this plasma and varying amounts of cobra venom. The
strenghhs of venom solution used were 1% and 0.1%. Ten

minutes afterwards 2 c.c. of hydrocele fluid was added to

each tube.

¢itrate donkey | Cebra venom| Hydrocele
plasma 19 in milli~ fluid Result
grammes . ;
.01 c.c. 5 2 c.c. No clot after 20 hours
0.1 c.c. 4 2 C.C. do
0.1 c.c. 3 2 C.C. de
0.1 c.c. 2 2 c.c. do
0.1 c.c. ' 1 2.C.Co do
0.1 c.c. 0.5 2 c.c. do
0.1 c.c. 0.4 2 c.c. ' do
0.1l c.c. 0.3 2 c.C. de
0.1 c.c. 0.2 2 c.c. do
0.1 c.c. 0.1 2‘c.c. ' do
0.1 c.c.(contron) Nil 2 c.c. flotted selid in 19 minutes
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Table XX.

_gggeriments to ascertain if cobra venom can prevent the .
ecletting of hydrocele fluid which results from the addition

of a small quantity of citrate plasma and soeluble lime

salt.,

A similar technique was used as wasvemployed in the series
of experiments detailed in table XIX, the only difference
being that a small quantity of lime solution, namely,

0.4 c.c. of a 17 solution of calcium chloridg}was added to
the mixture of citrate plasma and venom solution at the

Sleid
same time as the hydrocele was run. in,.

Citrate donkpy Cobra Hydroceld Calcium

plasma 1% venon in fluid chloride Result '
milligramg ‘solutioqéa .

0.1 c.c. 7 5 2 c.C. 0.4 c.c.| o clot after 20 hours

0.1 c.c. 4 2 c.c. 0.4 Cco.Ce do

Q.1 c.c. 3 2 c.cC. 0.4 c.c. do

C.1 c.c. 2 2 c.C. 0.4 c.c. de

0.1 c.c. 1 2 c.c. 0.4 Cc.C. do

O.l CeCoa @.5’ 2 CsCoa 0.4 C.Coe dO

0.1 c.c. Q.4 2 c.c, 0.4 c.C. do

0.1 c.c. 0.3 2.C.CeCs 0ed CcoCo do

O.l C.C. @.2 2 C.C. @.4 CQCO do

0‘)01 C.C. 001 2 C.C. ' 0104 O.C. dO

0.1 c.c. Nil 2 C.Ce 0.4 c.c.! Selid cleot after 20 minutes

(control) . . :
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Table XXI.

Experiments to demonstrate the result of the action of

daboia venom on the coapgulability of citrate horse plasma.

No soluble salt of lime was_ added.

Two cubic centimetres of citrate horse plasma (1Y)
were measured into each tube. To each tube of plasma therc
was édded a different amount of daboia venom. The strengths
of the venom solution used were 1% and 0.24. It was dis-
solved in normal saline solution.

The following was the result obtalned.-

Citrate Horse

Daboia venom in Result.

Plasma. milligrammes
14. :

2 c.c. 5 - | 81ight clot after 2 hours
Solid clot after 3 hours

% . .

2 c.C. 4 - ditto

] Trace of clot after 2 hours

2 c.c. 3 Solid clot after 3 hours

2 c.G. 2 Slight clot after 3 hours
Solid clot after 20 hours

2 c.c. 1 Trace of clot after 5 hours
S0lid clot after 20 hours

2 c.c. 1 ditto
No clot after 5 hours

2 c.c. 0.8 Solid clot after 20 hours

2 c.C. 0.6 ditto

2 C.C. 0.4 ditto

2 c.c. 0.2 Slight clot after 20 hours.
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Table XXII.

BExperiments to demonstrate the result of the action of
daboia venom on the coagulability of oxalate horse plasma,
No seluble salt of lime was added, _
Two cubic centimetres of oxalate horse plasma (0.2%) were
measured into each tube., To each tube of plasma there was
added a different amount of daboia venom. The strengths of
the venom solutionswere 1% and 0.2%. It was dissolved in
normal saline solution. The fqllowing results were obtained —.

Oxalate horse Daboia venom Result

plasma 0.2 ¢ in milli-

es

2 c.c. 5 8light clot only after 20 hours

2 c.ca 4 de

2 c.c. 3 do

2 c.c. 2 do

2 c.c. b8 de

2 c.Co 1 : do

2 C.C. U.8 do

2 c.c. Q.8 ' . do

2 c.c. 0.4 Ro clet afterc20 hours

2 c.c. " Qo do
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Table XXIII,

Experiments to demonstrate the result of the action of

_daboia venom on the coagulability of oxalate horse plasma

when a small amount of soluble salt of lime, namely, an

ameunt, not sufficient to elot the control, is added at the

Same time,

ARS
Pwo cubic centimetess of oxalate horse plasma (0.2%) were
measured into each tube. To each tube there were added a
different amount of daboia venom and 0.2 c.c. of a 1% so-
lution of calcium chloride. The strength of the daboia
venom solution used was 0.2%.

"The following was the result obtained.-

Oxalate horsl Daboia venom Calcium

plasma{0.2%) | in milli= chloride sot Result
grammes lution 1%

2 Ce.Ca 1 Q.2 c.Ce Clotted in 10 minutes

2 c.c, 0,8 0.2 c.c. do

2 c.c. 0.6 0.2 c.c. do

2 c.c. 0.4 0.2 c.c. do

2 c.c. 0.2 0.2 c.Cc. do

2 c.c.(control)' Nil De2 CouCe Ne clot after’zo hours
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Table XX1iV,
Experiments to ascertain if the addition of daboia venom
to hydrocele fluid clots this fluid, either without or with
the addition of a soluble salt of lime.
() Without the addition of a soluble salt of lime.
To 8 c.c. of hydrocele fluid, measured into each test
tube, different amounts of daboia venom were added. The
strength of the poison solution was 17.
Hydrocele Daboia venom in
fluid milligrarmes Result
2 c.c. 5 No clot after 20 hours
2 c.c. 4 do
2 c.c. 3 do
2 c.Ce 2 do
2 c.c. | 1 | do

(b} With the addition of a seluble salt of lime.
The technique used was the same as in the above series

of experiments, only 0.5 c.c. of a 1% solution of calciunm
chloride was added to the hydrocele fluld as the same time

as the venom.

Hydrocele fluid Daboia venom in Calcium chlo=~
. milligrames ride solution Result
, 19
2 c.Cc. 5 O«H Cc.C. No clot after 20 hours
2 C.C. 4 0.5 Cc.Ce do
2 c.Ce 3 0eb C.Ce do
2 c.C. 2 0.5 c.C. do
2 c.C. 1 0.5 c.c. do
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Table XXV.
Ireent
Experiments to detees the effect of the addition of cobra
venom and daboia venom together 10 citrate plasma,no lime
solution being added.
To each tube containing 2 c.c. of citrate plasma,b milli-
grammes of cobra venom were added. This, as we have seen ,
is five times the quantity which can prevent the coagula-
tion of citrate plasmg/which is caused by the additén of
a soluble salt of lime (vide table XVII). Half an hour
after the addition of the cobra venom, a different amount
of daboia venom was added to each tube. The strengths of
the daboia venom solutions used were 17 and 0.2%.
The following was the result. obtained.’
Citrate horse Cobra venom inDaboia venom
plasma 19 Milligrammes in Result
Milligrammes
2 c.c. 5 5 Slight clot after & hours
S$o0lid clot after 3 ‘hours
2 c.c. 5 4 de "
2 C.Ca 5 3 do
2 0.C. ' 5 2 No clot after 2 hours
Solid clot aftey 3 hours
2 c.c. 5 1 Selid clot after 4 hours
2 c.c. ‘ 5 1 do
< CaCo 5 0.8 Slight clot after 4 hours
- S¢lid clot after 20 hours
& C.C. 5 0.6 No clot after 5 hours
Clotted after 20 hours
2 c.c. _ 5 0.4 do
2 c.c. " 5 0.2 Only siight clot after zohrs.
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