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SOME OBSERVATIONS ON THE POISON OF THE BANDED KRAIT
: (BUNGARUS FASCIATUS). z
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N recent papers * on the problems surrounding the physiological actions of the

I venoms of the different species of snakes and the antitoxic sera prepared
with . these venoms, I have brought forward facts, which show that no con-
clusions can be drawn regarding the action of the poison of one species of
poisonous - snake from the observations made on the action of the’ venom of
another species, no matter how closely allied to each other the two spe-
cies may be; facts, which show that the venom of each species must be
studied separately. Let us take, for example, the case of the poisons of
Naia tripudians (cobra) and of the snake known as Bungarus fasciatus. The
_former of these snakes is a species of the genus Naia and the latter of the genus
Bungarus. Both these genera belong to the same sub-family, v7s., Elapinz,
of Colubridze, and are very closely allied. Now, I have shown that an immunée
serum prepared with the venom of Naia tripudians causes a well-marked precip:-
_tum with this poison but has no such action when tested with the venom of
Bungarus fasciatus. We can, therefore, conclude that the proteids of cobra
venom are of a different nature, or at any rate do not possess the same
“ haptophoric groups * as the proteids of the venom of Bungarus fasciatus.
Further, I have shown that a serum antitoxic to cobra venom, eg., Calmette’s
serum, has no power to neutralise the venom of Bungarus fasciatus.  Similar
phenomena can be demonstrated in the case of the venoms of the cobra and
of the Australian tiger-snake (Hoplocephalus curtus), which also belongs
to the same sub-family, viz., Elapinz, of Colubridz, as the cobra, Thus, a
serum prepared with cobra poison, which causes a precipzium with this venom,
has, no precipitating action for the venom of Hoplocephalus curtus, and a
serum which is highly antitoxic for the venom of Hoplocephalus curtus has no

neutralising power for cobra poison. It is, therefore, evident that snake -

venoms, even the poisons of allied species, will probably differ markedly, if not
entirely, from one another in physiological action, and that it is necessary to
study more thoroughly than has hitherto been done the action of each venom
separately. With this end in view [ have taken up the study of the poisons of
the various species of the poisonous Indian snakes. Regarding the veénoms of the
cobra and Qf the daboia some observations have already been published.® This
work Had special reference to the action of these poisons on the nervous system,
on the red blood corpuscles and on the blood plasma. I have shown that those
two venoms differ from one another in every detail of their physiological action.
B




_ Wall's second class of cases o

In the present communication we shall consider some observations which were
made with the venom of Bungarus fasciatus, and compare, as far as can be
compared, the action of this poison with the actions of the two venoms mentioned
above. When opportunity and material permit, I propose to do the same with
the venoms of Bungarus caeruleus, Naia bungarus and Echis carinata,

Up to the present time very few observations have been made with the
poison of any species of the genus Bungarus. Asa result of a few experiments
with the venom of Bungarus fasciatus, Wall * has come to the conclusion that
this poison differs markedly in physiological action from the venom of the
cobra. Hé has pointed out that experimental cases of intoxication with the
venom of Bungarus fasciatus may be divided into two classes; (1) a class of
acute cases, and (2) a class of chronic cases. In the acute cases death takes
place within 48 or 72 hours after the injection of the poisori. There is some-
times slight swelling at the site of inoculation : profuse salivation, accompanied

sometimes by vomiting, is a common Symptom : ultimately paralysis with twitche _

ing of the muscles developes: death rapidly follows from paralysis of respiration,
Wall states that these cases present symptoms which are indistinguishable from
the symptoms seen in the case of cobra venom intoxication ; there is, however,
one difference, namely, that the local reac

case in cobra venom poisoning. At the post ;
effusion of a pale pinkish serum in the areolar tissue round the site of inocula=

tion: there was no extravasation of blood and apparently litt]t? or no breaking up
of the red cells, The blood was found to clot solidly on withdrawal from the

-mortem examination he found a slight

vessels.
Wall has stated that in his experience in cases of cobra venom intoxication,

if the animal survives 49 hours, ultimate recovery takes place. While not limit-
ing myself to this exact interval of time, I can say from observations on
a very great number of these cases, that if an e.xpe.anmental case of cobra venom
poisoning is going to end fatally it does so within the first two or three days.
f intoxication with the venom of Bungarus

fasciatus shows that the same statement cannot be made as regards this poison,

For, in the class of chronic cases described. by - him dea:th is long delayed, per-
haps for ten or twelve days. After the injection .of the poison there is an interval
varying from two to six days, Guring which period no symptoms are observed,
the animal being apparently in perfect health. After this interval of time a more
or less chronic disease begins, which, Wall states, invariably ends fatally. The
symptoms observed during this late period of in'toxi.catio.n are not jn the least
like the symptoms seen in the acute form of poisoning either with cobra venom

or with the venom of Bungarus fasciatus itself. There are loss of appetite

and great depression: there is a marked diminution in the urinary secretion.

tion is not nearly so severe as is the
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Then foliow a slight failure &f the resl;iratory function and irregular elevations of
temperature, accompanied by great muscular weakness. Purulent discharges
from the €yes, nose and rectum are also seen. There is no tendency to
hzmorrhages. Death closes this scene after a few days’ illness.

As a result of the observation of the symptoms in these two groups of cases,
Wall arrived at the conclusion that the venom of Bungarus fasciatus acts mainly
on the central nervous system, causing paralysis in the acute cases and great
weakness and depression in the chronic cases. On the coagulability of the blood
he considered it had little or no action, although in the chronic cases he noticed
that the coagulum wa$s of a loose and imperfect character, Further, he thought
that it had a slight destructive action on the red blood corpuscles, as shown by
the pale pinkish exudate at the site of inoculation. This short description
completes the summary of Wall’s researches.

The observations which I shall bring forward in this communication, while
“ confirming Wall’s statements in almost every detail, further extend his results and
also demonstrate some new facts as regards the action of this particular venom.

The material which was used in all my experiments was pure, dry, fresh
venom of Bungarus fasciatus, This was collected, under my personal super-
“vision, during a period of & month or two from two full-sized living snakes,
The poison was obtained by allowing the snakes to bite through a sheet of
American cloth tightly stretched over the mouth of a strong wine-glass, When
the poison had been thoroughly dried over lime, it was added to the general
stock, which was preserved in an air-tight tube kept from the light,

Before the venom was weighed, it was reduced to an impalpable powder and
again dried over lime. In this way it was found possible to obtain a poison of
uniform strength for all experiments at different intervals of time, thereby ensure
ing observations comparable amongst themselves.

Amount of coagulable proteid in the venom of Bungarus fasciatus,

" The temperature at which the coagulable proteids were thrown down was
found to be between 70° and 75° C. An experiment was made with the view of
estimating the amount of proteid which was coagulated at this latter temper-
ature. A reference to the protocols (series No. 1) will show that this amount
was about 20 per cent. of the total venom.

I have already * detailed some similar experiments which were made with
cobra and diboia venoms. As the samples of the venoms which were used
for these estimations had been procured by squeezing the glands of the
snakes, it was suggested to me by Professor Martin of Melbourne, that this
rather rough treatment of the glands might cause a certain amount of serous
exudation into them, and that in this way the coagulable proteids of the venom

B2



-

4

might be augmented. To get rid of this possible fallacy I made another experie
ment with cobra venom, using the same fechnigue -as before, with the exception
that the sample of venom was obtained from three snakes by allowing them to
bite through a sheet of rubber stretched over a strong wine-glass, no pressure ©
being made over the glands. The amount of coagulable proteid obtained in
this experiment was found to be 246 per cent., practically the same quantity
as in the first observation, the details of which have already been published.
We may, therefore, take it that squeezing tiie glands causes no increase in the
amount of coagulable proteid contained in the venom. .

For the sake of cpmparison the results of the estimafion of the coagulable

proteids in the three poisons with which I bhave worked are tabulated as
follows :— :

Cobra venom. Daboia venom. Venom of Bungarus fasciatus.

"Amount of proteid 24 per cent. 25 per cent. 20 per cent.
coagulable by heat.

Rapid death, the result of the intravenous injection of the venom
of Bungarus fasciatus.

I have mentioned above that Wall has divided cases of intoxication with
this venom into two groups, and that he has accurately described the symptoms
which are observed in those two classes of cases. There is, however, still
another class of case, which would probably only be met with in experimental
work.

When a comparatively large quantity of this poison is injected directly into
the blood stream of an animal, death takes place within a few minutes after the
injection. On post-mortem examination a more OF less extensive intravascular
thrombosis is found. The following two experiments will serve as illustrations
of this class of case.

RABBIT 3.—Weight 1,700 grammes. Received intravenously 17 milli-
-ammes of venom, 275., 10 milligrammes per nilo.” Death, preceded by general
convulsions, opisthotonus and dyspncea took place 2% minutes after the
injection. At the post-mortem examination, made immediately after death, the
blood in the portal vein and inferior vena cava was found to be liquid. The
pulmonary arteries were full of solid clot. Thrombi were also found in the right
auricle. There were no clots in either ventricle. The blood collected in a test-

tube from the inferior vena cava clotted solidly soon alter withdrawal, * The
serum which exuded from this clot was perfectly clear and free from staining
with hz2moglobin,
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RABBIT 18.—Weight 1,570 grammes. . Received intravenously 6'28: milli=
grammes of venom, vzz., 4 milligrammes per kilo.,, along with 2 c.c. of

Calmette's serum. General convulsions soon set in and ended in death, which -

took place 2} minutes after the injection of the poison. At the post-mortem
examination, made immediately after death, the blood in the portal vein and in
the inferior vena cava was found to be liquid. Clots were fouad in the right
heart and in the pulmonary arteries. Blood collected in a test tube ‘from" the
inferior vena cava clotted solidly. Three hours after withdrawal no serum
had exuded from this clot.

It would appeir from these observations that, when death rapidly follows
an injection of the venom of Bungarus fasciatus directly into the blood stream,
a more or less extenSive intravascular clotting is found on careful post-mortem
examination perfbrmed immediately after death. Further, there can be no
doubt that this thrombosis is the direct cause of the symptoms observed and of
death’in these cases.

I have already shown in another communication ® that a similar result follows
the injection of daboia venom, either intravenously or subcutancously, if
the quantity of venom be sufficient. But, while in the case of daboia venom
a comparatively small samount, namely, about o't milligramme per kilo.,
injected intravenously into a rabbit is sufficient to bring about this remark-
able phenomenon, it requires a much larger quantity of the venom of
Bungarus fasciatus to produce a like effect. = For, while thrombosis and death
may possibly result from the intravenous injection of 4 or 5 milligrammes
per kilo. of this latter venom, it is necessary to inject as much as 10 millie
grammes per kilo. to be certain of k¥'ling a rabbit in this way. In the same
paper I showed that, when cobra venom, even in very large quantity, is
injected directly into the blood stream of an animal, and when death results
almost immediately afterwards, the most careful post-moriem examination does
ndt reveal the least trace of intravascular clotting. The heart is still beating
and the blood throughout is quite liquid. In these cases the fatal result is
probably due to a direct action of the poison on the central nervous system.
This question, however, is still under investigation and will form the subject of
anothe? communication. '

Acute cases of intoxication with the vénom of Bungaruvs fasciatus,

As a result of many experiments on different species of animals I have been
able to confirm and extend the observations made by Wall, a summary of which
has been given above. Let us first consider the cases he classifies as acute

cases. :
The symptoms which' Wall has described in this group of cases are well
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exemplified in the followmg expenments which are typical of the results [ have
obtained :— .
RABBIT 4.—Weight 1,640 grammes, S
72-53 P.u.—Received intravenously 82 mxlhgrammes of venom z.e.,
5 milligrammes per kilo. £

7= P.M.—Appears ill : the respiration much quickened : paresis of the legs.

1-4 P.yir —Paralysis of legs well marked.

7-6 P.ir.—Completely paralysed in all legs.

7-8 P.y—~Dyspncea with inspiratory effort.

7-9 P.i.—Slight convulsions : breathing slow and laboured.

7-70 P.M.—General convulsions.

7-11 P.M.—Died, vzz., 18 minutes after the injection of the poison.

Post-mortem examination, made immediately after death. The heart was
beating vigorously. No clots were found in the portal vein, inferior vena cava,
pulmonary arteries or right heart. ~Blood collected from the inferior vena’cava
in a test-tube clotted almost immediately.

RABBIT 22.—Weight 1,490 grammes.

7-35 P.r.—Received intravenously 5'96 milligrammes of venom, ze., 4
milligrammes per kilo. ~

7-55 P.—Appears ill : slight paresis.

2 pP.ir.—Completely paralysed: dyspncea with inspiratory effort: general
convulsions at intervals.

2-5 P.M.—Died, vis., half an hour after the injection of the venom.

Post-mortem examination, made immediately after death. The heart was
beating vigorously. No clots were found 2aywhere. Blood collected from the
heart clotted solidly alinost immediately.

RaBBIT 5—Weight 1,560 grammes.

7-30 P.ur—Received intravenously 5's milligrammes of venom, e, 3' 5
milligrammes per kilo. ¢

2-30 P.m.—Slight paralysis : breathing rapid.,

3-30 P.~Paralysis almost complete : dyspncea.

4-35 P.sr.—Paralysis complete : respiration slow, with inspiratory effort

4-44 P.M—General convulsions and tremors.

4-45 P.M.—Died, vzs., 3} hours after the injection of the venom.

Post-mortem examination, made immediately after death. Heart still
beating, although feebly. No intravascular thrombosis was found. Blood
collected from the inferior vena cava and the heart clotted immediately. No
lesion of any organ was discovered. -

RABBIT 6.—Weight 1,600 grammes.

3 P.M.—Received intravenously 4'8 milligrammes of venom, #e., 3 milli-
grammes per kilo.

D o SRS
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3-40 P.m.—Legs appear to be paralysed.
3-45 P..~Paralysis of legs coinplete.
3-52 p.M.~Marked dyspncea. A

3-55+P.M. —Slight convulsive movements, repeated at short intervals : respira-
tion slow, with inspiratory effort.

3-59 P.M.—Died, v¢s., 50 minutes after the injection of the venom.

Post-mortem examination, made immediately after death. Heart- still
beating, although feebly. No clots were found in any of the vessels. Biood
collected from the heart and the inferior vena cava clotted solidly immediately

on withdrawal. The serum which exuded from the clots was qunte clear and
free from hzmoglobin staining.

RABBIT 10.—Weight 1,280 grammes.

20th Fanuary, I»\P.M.—Received intravenously 0'g6 milligramme of venom,
z.., 0'75 milligramme per kilo.

21st Fanuary.—Is ill and refuses food : slight paralysis of legs.

22nd Fanuary.—Paralysis almost complete,

1 P.y.—Died, from paralysis of respiration.

Post-mortem examination.—Rigor mortis well marked, The upper and
lower lobes of the right lung as well as the upper lobe of the left lung were
infiltrated with blood, which was quite liquid. No clots were found anywhere.
Blood collected in test tubes from the heart and the inferior vena cava clotted
slowly, namely, in about 11 minutes: the clots were loose and not at all firm.

RABBIT 14,—Weight 1,530 grammes,

20th Fanuary, 1 p.M.—Received subcutaneously 3'8 milligrammes of venom,
1.e., 2'5 milligrammes per kilo,

21st Fanuary, 1 p.ar.—Is very ill: paralysis nearly complete : considerable
swelling around the site of inoculation,

3 P.M.~Died.
Post-mortem examination.—Slight serous exudation at the site of inoculas

tion but no ecchymosis. All the organs appear healthy. Blood collected in
test tubes from the heart and the inferior vena cava clotted only after some time:
the clots were very loose and soft.

These six cases, examples of many I have observed, confirm in a striking
mannet the accurate observations made by Wall, the results of which have bec.
summarised above. It is, therefore, unnecessary to again detail the symptoms
which one meets with in these cases. Itis sufficient to draw attention to the
fact that no difference can be seen between the symptoms obse:ved in these
cases and the symptoms seen in cases of cobra venom intoxication, Itis probable
that death is due in both instances to the action of the poison on the central
nervous system, paralysis of respirationbeing the primary cause of death. I shall
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return later on to the consideration of the action which the venom of Bungarus
fasciatus has on the blood plasma and on the red blood corpuscles. -

e

Chronic cases of intoxication with the venom of Bungarus fasciatus.

The observations which I have made in this class of cases confirm Wall’s
statement, namely, that there is a chronic form of intoxication following the
injection_of this venom, a condition which is never met with in cases'of cobra
venom poisoning.

The following experiments will serve as examples of this disease, which has
been studied both in monkeys and in rabbits :—

MONKEY 5.— Weight 1,050 grammes. : z :

4th February 1902.—Received “subcutaneously in the front of the chest
4'87 milligrammes of venom, z.e., 2°5 milligrammes per kild.

5th February.—No swelling or extravasation of blood at the site of injection..
Is not eating well, but appears to be otherwise in good health;

6th February.—Is eating well and seems to be quite well. N
 jth February—Weight 1,845 grammes. Is very ill to-day : is not eating
and is much depressed. There is great muscular weakness, and apparently
slight paralysis.

8th February.—Weight 1,771 grammes. Theresis much emaciation and
muscular weakness : paralysis is almost complete. Died at 2 pP.M. to-day.

- MONKEY 2.—Weight 1,640 grammes.

27th February 1902.—Received subcutaneously inthe front of the chest
6'2 milligrammes of venom, z.e., 3°7 milligrammes per kilo.

28th February.—Very slight swelling at the site of injection,

swelling of the abdominal wall between the: pubes and umbilicus.
otherwise is in good health.

75t March.—Weight 1,500 grammes. Appears ill and is not eating. There

is no paralysis.

2nd March.—Is apparently in good health. <

grd March.—~Weight 1,330 grammes. [s very ill and depressed, and has

become very emaciated. It is unable to walk; and when laid down on its side is
unable to rise up. Jn addition to this great muscular weakness there appears

to be slight paralysis, affecting pnnmpally the hind legs. There is considerable
muscular atrophy.

4th M arch.—Died this morning.

Post-mortem examination,—The animal was much emaciated, ,No lesion
of any kind was found at the site of inoculation. All the internzl organs
appeared normal. The medulla, cord and motor area of the cortex were removed
for gpecial microscopical examination, the results of which will be detailed later.

(Edematous
The animal
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MonkEY 6.—Weight 1,260 grammes, i

29th April 1902. —Recelved subcutaneously in the front of the chest 3 15
milligrammes of venom, z.e., 2'5 milligrammes per kilo.

30th 'April.—Weight 1,200 grammes. Is eating and appears quite well.
There is no swelling at the site of inoculatjon.

15t May.—Weight 1,170 grammes. Is ill and appears depressed, There
is no paralysis,

2nd May—Weight 1,190 grammes, Is better than it was yesterday, but
is still depressed.

3rd May—j7th, May.—Continued dull and ill, but without-any marked
symptoms. Y

8th May.—Weight 940 grammes. Is eating nothing : has become much
emaciated : there:is great muscular atrophy and weakness : appears to be com-
pletely paralysed.

oth May.— Died this morning,

Post-mortem examination.—The body was much emaciated. No lesion
of any kind could be found. Pieces of the central nervous system were removed
for special histological examination, the results of which will be detailed later.

RABBIT 9.—Weight 1,590 grammes.

20th Fanuary 1902.—Received intravenously 1°27 milligrammes of venom,
7.e., 0’8 milligramme per kilo.

215t Fanuary.—Ils eating : on being stimulated thereis slight general twitch-
ing of the muscles: there is no paralysis.

22nd Fanuary.—Weight 1,380 grammes. Is eating and appears quite well.

23rd Fanuary.—Weight 1,360 grammes. Is very ill and depressed, and
is not eating well. Has become considerably emaciated.

24th Fanuary.—Weight 1,180 grammes. Is very ill, greatly depressed
and emaciated : muscular atrophy marked: there does not appear to be any
paralysis.

25th Fanuary.—Moribund : was killed.

Post-mortem examination.—No lesion of any kind was found in the internal
organs,

RABBIT 12.—Weight 1,38¢c grammes.

2o0th Fanuary 1902.—Received intravenously 0'82 milligramme of venom,
i.e., 0'6 milligramme per kilo.

215t Fanuary—27th Fanuary—During this time the animal appeared to
be in good health, although there was a progressive loss of weight. The weight
on 2;th January was 1,130 grammes,

28th Fanuary.—Weight 1,151 grammes. Is very ill and depressed : muse
cular atrophy and weakness marked : there is no paralysis : a thick purulent
discharge from the eyes is present,

c
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2¢th Fanvary and 3o0th Fanuayry.—Still very ill and depressed with puru-
lent discharge from the eyes. :

Weight on 30th January was 1,170 grammes.-

. 37st Fanuary.—The animal is much better to-day and is eating well. After
this date it gradually improved : the “elght increased rapidly, and the animal
‘ultimately recovered.

* RAEBIT 15.—Weight 1,610 grammes.

20th Fanuary 1902. —-Recewed subcutaneously 4'8 mnlhgrammes of venom,
i.e., 3 milligrammes per kilo.

215t Fanuary.—There is slight swelling at the site of moculatlon appears
slightly ill : there are, however, no marked symptoms.

22nd Fanuary—Weight 1,430 grammes. Is not eating much, but other=-
wise appears to be in good health.

237d Fanuary—Weight 1,450 grammes. Depressed, but no marked
symptoms. )

24th Fanuary.—~Weight 1,390 grammes. Is very ill to-day: much emaci-
ated ; great muscular weakness.

25th Fanuary.—Weight 1,410 grammes. Has improved since yesterday.
26th Fanuary.—ls depressed and weak.

27th Fanuary.—Weight 1,140 grammes. Extreme emaciation and atrophy :
is very depressed : much muscular weakness, but no apparent paralysis.

. 28th Fanuary.—Found dead this morning.

Post-moriem examination revealed. no lesion of any of ‘the internal organs,

As the above six experiments are typical examples of the chronic form of
intoxication with this venom, it is unuecessary to detail any more cases of this
class. It will be seen from the above data that this chronic condition of poison-~
ing follows either an intravenous or a subcutaneons injection of the venom, if the
amount injected is not large enough to cause the acute form of intoxication.
Further, the symptoms of this chronic intoxication are well marked and distinctive.
Such a condition is never met with in experiments with cobra venom nor, in fact,
with the venom of any other species of snake with which I have worked.

These experiments, while confirming in the main points Wall’s observations,
<hsw that his description can be somewhat modified. Thus, he states that no
symptoms are observed during the first few days after the injection of the
poison, In my experience [ have generally found that the animals are depressed
and refuse their food during this interval, Further, a careful weighment of the
animals shows that there is a progressive loss of weight even during this
early period, (vide monkey 6, and rabbits 9, 12, and 15). Again, Wall does
not mention the occurrence of paralysis in these chronic cases. He looks
upon the condition as being only one of great muscular weakness. I have not
been able to satisfy myself that there is ne paralysis, There is, no doubt,



great muscular atrophy and, as a result,” oréat weakness. In some of my cases :
however, 1 am iuclined to think that paralysis accompanied this muscular
atrophy. Lastly, Wall has mentioned that no case under his observation
had recovered, if once these late symptoms had begun. [ have observed
one such case which recovered, 7.c., rabbit 12. This animal, as we have seen,
showed well marked symptoms, namely, loss of appetite and depression, sreat
loss of weight, muscular atrophy and a purulent discharge from the eyes. It
ultimately made a good recovery. This condition, even when well marked,
can be recovered from. In the great majority of cases, however, if the typical
symptoms have oncs appeared, a fatal result follows.

It is importaht and interesting to be able to put on record the histological
appearances which were found in the central nervous tissues of two of these
chronie cases, namely, monkeys 2 and 6. I am greatly indebted to Dr. Walter
K. Hunter of Glasgow for cutting, examining and describing the sections of
the tissues with which I provided him.

The following are Dr. Hunter’s reports :—

MONKEY No. 2.—The tissues were fixed in perchloride of mercury, cut in
paraffin and stained according to NisslI's method by thionin and toluidin blue.
The paits examined were cortex, medulla and spinal cord. Sections were taken
from four levels of the medulla, from three levels of the cervical cord, from three
levels of the dorsal cord and from two levels of the lumbo-sacral enlargement.

In all of these thereis evidence of the existence of diffuse chromatolysis
(primary degeneration), affecting a very consicerable portion of the ganglion cells.
The change is most marked in the cortex, where one has difficulty in finding a
single normal cell. The vast majoritv, of the cells have a rather deeply stained
plasma, and in this are scattered dust-like granules, the remnants of the Nissl
bodies. Many cells, too, show vacuolation of their plasma. This vacuolation
may probably be regarded as a fatty change. A few cells have their Nissl
bodies not yet entirely fragmented, but these are few in number, and it is doubt-
ful if one perfectly normal cell is'to be found. In the medulla the changes are
not nearly so marked as in the cortex, but nevertheless throughout the whole of
the sections at the different levels in the medulla a very considerable proportion
of deginerated cells is to be seen, “These are most numerous in the VIlith
nucleus, less so in the XIIth and less still in the Xth motor. In the Xllth
nucleus nearly all the cells show a certain breaking up of the Nissl granules,
but only'in a small number of cells is there the typical dust-like fiagmentation
affecting the whole cell as seen in the cells of the cortex.

The degenerative process is more marked in the cord than in the medulla,
though less so than in the cortex. It is about equally marked in the cervical,
dorsal and lumbo-sacral regions. In many of the sections through the cervical

"
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and lurkbo-sacral enlargements not more than 3 or 4 normal ceils are to be seen.
Many cells have an almost clear plasma with a few dust-like granules scattered
throaghout, but most of the cells have a darker plasma with more of these dust.-
like granules. The degenerative process seems to affect the whole of the cell
uniformly, though in a few cells the fragmentation is more marked at the
periphery than round the nucleus. The nucleus in almost all the cells still
remains central.

Considering the appearances generally it may be said that the chromato-
lysis above described does not present the typical picture such as one sees it,
e.g., in a case of alcoholic neuritis. In the latter case the dust-like fragments
are better defined and more closely and orderly packed in the cell plasma. In
the case before us the fragmented granules are more scattered and, as has been
noted in the cortical cells, there is the vacuolation of the plasma, The
‘process here scems as if it” were more acute than in alcoholic neuritis, more
as if the granules were being dissolved out, rather than definitely broken up.

MoNKEY No. 6.—The parts of the nervous system examined were cortex,
pons, medulla and cord. Sections from these were stained by Nissl’s method.
All the preparations showed at least some degeneration of cells, and in some
of the sections the degeneration was extremely well marked. Generally it was
more marked in the cells of the cord and cortex than in those of the nuclei
in the medulla and pons.

In the cervical cord not a single normal cell was to be found, Many cells
were simply outlines, without any granulation whatever (‘ghost cells’). Some
cells stained more deeply and more diffusely than normal and the Nissl granules,
when present, were always fragmented. A good many cells were definitely
vacuolated, There seemed, too, a considérable diminution in the number of
the cells in each anterior horn. It was difficult to estimate this accurately, but
judging by comparison with monkey No. 2 the loss was undoubtedly almos¢
two-thirds of the normal number, In this cervical region some of the
sections included the posterior root ganglia. But the charge in the cells of
these ganglia was much less marked than in the ganglion cells of the anterior
horns. Indeed, many of the posterior root ganglion cells seemed quite normal,
and few showed any marked degeneration. Tke contrast between the condition
of the anterior horn cells and the posterior root ganglion cells is a point to which
one would draw special attention, The appearances at the dorsal, lumbar and
sacral levels were much the same as were found in the cervical cord.

Of the ganglion cells in the medulla and pons a considerable proportion
showed well marked chromatolysis, but the changes were by no means so extreme
as those just described in the cord, This doubtless explains why movements

of the heart and respiration continued some time after paralysis of the other
muscles of the body,
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In the cortex the degenerative change was about as marked asrin the
cord, there being many ‘ghost cells ' and many more deeply stained cells, some
with frigmented granules and some with no granules at all. A considerable
proportion of the cells was vacuolated. It is difficult to give a reliable opinion
as to whether or not there was any considerable loss in the number of the cells
of the cortex.

The importarce of these observations is at once evident. We have pow
direct evidence of the action of the venom of Bungarus fasciatus on the nervous
system, an action which results in marked degenerative changes in the ganglion
cells of the cortex, card, medulla and pons. These degenerative changes afford
also an explanatién of the symptoms which are observed in these chronic cases
of intoxication which I have described above. The depression, muscular
atrophy and paralysis are no doubt dependent on these pathological changes
which are so striking.and well marked.

With these preliminary observations we have opened up a fruitful line of
research, the results of which should set at rest many disputed points as regards
the physiological actions of the venoms of the different species of poisonous

snakes. They should also, no doubt, throw some light on neuro-pathological,
problems in general.

The action of the venom of Bungarus fasciatus on the blood
‘plasma in vivo and in vitro.

We have already seen (wide page 4) that, when a sufficiently large
quantity of the yvenom of Bungarus fasoiatus is injected directly into the blood
stream of a rabbit, death takes place very rapidly, and that on post-mortem ex-
amination made immediately after death a more or less extensive intravascular
thrombosis is found, This clotting is confined to the pulmonary arteries and
right heart and does not appear to be present in the portal system of veins. The
quantity of poison which is necessary to produce this result is very much greater
than is the case with daboia venom, Further, the thrombosis is not nearly so
marked or so widespread as one finds with this latter venom. There can be
no doubt, however, that we are- also dealing in this instance with the pheno-
menon of an increase of blood coagulability, brought about by the action of the
poison on the plasma, so great as to lead to an intravascular clotting in those
vessels in which it is more liable to occur, aud that death in these cases is
due to thrombosis of the pulmonary arteries.

We have, now, to consider what is the condition of the blood coagulability in
those cases of intoxication, in which tliis temporary increase does not result in
a fatal thrombosis, When death takes place within a few hours after the
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injectidn of the poison, as we have seer occurs in the more rapidly fatal of the
acute class of nervous eases, the blood taken from the heart and from the inferior
vena cava is found to clot almost immediately after withdrawal, and the clots
which form are firm and solid. This condition of blood coagulability” was found
in four rabbits. The details of the experiments on these rabbits have already
been described, vis., rabbits 4, 5, 6 and 22. It is evident, then, that in this short
intarval of time, 2., up to three or four hours, and with the quantities of venom
ased, no appreciable diminution of the blood coagulability had Jeveloped.

When, however, death is delayed for a day or two after the injection of the

venom, there is evidence to show that an appreciable deficiency of blood coagu-
lability has developed. Thus, in the case of two rabbits, namel§, Nos. 10 and 14,
the experiments on which have been recorded above, it was found that the blood
collected from the heart and from the inferior vena cava at the post-moriem
examinations made immediately after death ciotted much more slowly than
normally, and that the clot which formed was loose and imperfect. These
animals died 48 and 26 hours, respectively, after the injection of the venom. In
addition to these observations the blood coagulation time has been estimated
at intervals in the case of five animals, namely, two rabbits and three monkeys,
which received an amount of venom that did not produce any acute nervous
symptoms, and which later on developed nervous symptoms of the chronic type,
to which I have already drawn attention. The details of these observations are
given in the protocols, series No. 1. A reference to this table will show that
in every instance a considerable deficiencyin the blood coagulability was present,
This deficiency was observed on the first or second day after the injection of
the poison and persisted, as a rule, ll the disease was ended by death or by
recovery. 4 :

In previous papers® I have recorded similiar series of observations made
with both cobra and daboia venoms. In the case of the former poison I was
able to show that a slight diminution of blooid coagulability takes place after the
subcutaneous injection of non-lethal doses, and that this diminution of ‘blood
coagulability was more marked the nearer.the quantity of venom injected ap-
proached to the minimum lethal dose. Further, in cases of cobra venom poisoning
one seldom sees any symptoms which might bedue to this deficiency of blood
coagulability. Lastly, this poison causes no primary phase of increased coagu-
lability.

With daboia venom the lengthening of the blood coagulation time is much
more marked, amounting in some instances to a complete loss of coaguiability, the
blood when drawn from the vessels remaining permanently liquid. Further, in
the case of intoxication with daboia venum I pointed out that symptoms, such as
widespread cedema and heemorrhages, were observed, and that the marked defi-



O

T
ciency of blood coagulability might be an ztiological factor in the produc-
tion of these symptoms.

In‘the case before us now, z.e., that of intoxication with the poison of
Bungarus '&asciatus, the diminution of the blood coagulability is by no means ex- ,
cessive and cannot be said to be an important factor in the production of any
general symptoms observed. For, with "the exception of an insignificant local*
swelling at the site of injection no cedema is produced nor have any hzmerr-
hages been observed to occur. The symptoms referable to the action of the
poison on the nervous system are the predominant symptoms. The action of
this venom on the blood plasma in these chronic cases would appear to be of
very secondary importance. '

We can now pass on to consider if the venom of Bungarus fasciatus has
any action on the coagulability of blood plasma iz zitro. In one of the papers’
above referred to I have put forward a method of testing 7z 2ifro the action of
snake venoms on whole blood and on plasma freed from red cells. This method
consists in adding different amounts of venom to blood, which has been kept
liquid by the addition of citrate of soda, and to citrate plasma which has been
completely freed from the red corpuscles by allowing them to sediment and
then syphoning off the clear supernatant fluid. Lime, in the form of a solu-
tion of chloride of calciumy, is added in the quantity required. Werking in this
way I showed that cobra venom complstely prevents the clotting of citrate
plasma, which results normally from the addition of a small quantity of a soluble
salt of lime, and that daboia venom has a marked effect in increasing the coagu-
lability of citrate plasma, Even in small quantities, however, this latter
venom does not produce iz itro any diminution of blood coagulability, which
is such a prominent action #» vivo.

This method was employed to study the action of the venom of Bungarus
fasciatus on citrate plasma iz wvifro (vide protocols, series Nos. III and IV).

In the first series of observations varying amounts of the venom were added
to 2 c.c. of citrate plasma, the plasma both of the donkey and of the horse being
employed. It was found that even 5 milligrammes of venom did not produce
after 24 hours a trace of clot in this amount of plasma. Now, [ have already
shown that daboia venom -in small quantities causes a firm clotting of citrate
horse plasma. It was found that any quantity of this poison between 3 and 5
milligrammes caused a firm clot in 2 c.c, of citrate horse plasma in less than
three hours ; that with an amount between 0°4 and 1 milligramme clotting occur-
red but was'delayed for about 20 hours; and that oz milligramme caused only a
slight clot after 20 hours. The explanation of the failure in the experiments
with the venom of Bungarus fasciatus tp cause clotting of citrate plasma in
wityo is probably to be found in the fact, that the venom was not addedto the
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plasma in sufficient quantity. We have seen above that 8 to 1o milligrammes
per kilo. of this venom injected rapidly into the blood stream of a rabbit
arerequired to be certain of so increasing the blood coagulability as to lead
to a fatal intravascular thrombosis. Now, I have stated that a fatal intra-
vascular clotting can be brought ahout by o°1 milligramme per kilo. of daboia
venom, when injected intravenously into a rabbit, a quantity 8o to 100 times less
then the amount of the venom of Bungarus fasciatus required to produce the
like effect. I have also mentioned that o'4 milligramme of daboia venom causes
a firm clot to form after 20 hours in 2 c.c. of citrate plasma. Therefore, if there
is any analogy between the actions of these two venoms on the blcod plasma, an
analogy which is almost certain in consideration of their actions on the blcod
coagulability ¢ zivo, we should expect that it would require between 30 and
40 milligrammes of the venom of Bungarus fasciatus to produce any clot in 2
c.c. of citrate plasma, provided always, as was the case in my experiments, that
the amount of citrate in the samples of plasma used was the same, It is to be
regretted that the quantity of venom at my disposal did not allow of such a large
amount as this being used. Therefore, until experiments are carried out with much
larger quantities of poison than I used, it is impossible to affirm that the action
of the venom of Bungarus fasciatus on the plasma is in any way different from
the action of daboia venom, It can, however, be said that daboia venom is in
this respect of much greater potency than the poison of Bungarus fasciatus.

We have seen above that in the more or less chronic cases of intoxica-
tion with the*venom of Bungarus fasciatus there is a certain amount of defi-
ciency in the blood coagulability, but that there are few or no symptoms which
can be said to depend on this defiziency. A second series of experiments
was undertaken with the view of ascertaining if this poison had the power of
preventing the clotting of citrate plasma which results from the addition of a
soluble salt of lime. To each tube containing 2 c,c. of plasma varying amounts
of venomm were added, From one to two hours afterwards there was added
to each tube a quantity of calcium chloride solution which clotted the control in
less than 15 minutes, A reference to the protocols (series No. 1V) will show
that in every instance, both in the case of donkey plasma and in the case of
horse plasma, solid clotting took place after the zddition of the lime solution.

In the paper to which I have referred above | showed that cobra venom
tested in the same manner, prevented the clotting of citrate plasma. The
action, therefore, of cobra venom on the blood plasma is evidently of a different
pature from that of the venom of Bungarus fasciatus, 1 showed, further, that

daboia venom, even in infinitesimal quantities, did not prevent this clotting.

_ From the consideration of all the.z experiments and observations it would

appear that the action of the venom of Bungarus fasciatus on the coagulability
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of the blood plasma is analogous to that of daboia venom. The positive phase
of increased coagulability, which is seen 7z viwo when large quantities of this
vénom are injected directly into the blood stream, is comparable to the similar '
phenomenon brought about by small amounts of daboia venom. . Again, both
these poisons produce iz vivo a seconcary negative phase of diminished coa-
gulability. This condition, however, is much better marked in cases of diboia
venom intoxication than in cases of poisoning with the venom of Bungarus
fasciatus, and is no doubt a factor in the xtiology of several of the symptoms
which are seen in cases of poisoning with the former venom. Further, when
tested 2z vitro with citrate plasma both these poisons failed to produce any
diminution in the  normal coagulability of this plasma. The only discrepancy
in the analogy betwesn these two venoms, as far as their action on the
coagulability of plasma is concerned, is the failure of the venom of Bungarus
fasciatus to produce clotting of citrate plasma. I have already explained the

_ reason, of this failure in my experiments, namely, a deficiency in the amount

of venom added to each preparation. While, therefore, it is certain that the
actions of these two poisons on the blood plasma are similar, we have seen
that daboia venom is, as regards this particular action, of much greater
potency than the poison of Bungarus fasciatus, the action of which is mainly
on the nervous system. In this connection of analogous action of the venoms of
Daboia Russellii and Bungarus fasciatus it is interesting to remember that the
former snake s classified among the Viperidz, and the latter among the Colubridz.

The action of the venom of Bungarus fasciatus on the red blood
corpuscles in @ivo and in vitro.

All experiments go to show that the venom of Bungarus fasciatus has
only a slight destructive action #% 2720 on the red blood corpuscles. In his
descripticn of the physiological action of this poison Wall draws atiention
to ‘the fact that in a few fatal experimental cases he found an effusion of a
pale pinkish serum into the areolar tissue around the site of inoculation. In
no instance does he mention any symptoms or post-mortem appearances which
might be dependent on any great destruction of the red cells. The experiepce
I have had with this venom points to the same conclusion. I have never
seen any hamoglobin-stained exudations, nor any red-stained discharge from
any orifice. Further, at many post-mortem examinations, I have collected
blood from.the heart and from the larger vessels, have allowed this blood to
clot and huve noted that the serum which exuded from the clot was perfectly
clear and free from hamoglobin. The vsnom of Bungarus fasciatus, therefore,
12 2290 has only a slight if any destructive action on the red blood corpuscles.
Experiments were next undertaken to ascertain if this poison had any
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destructive action 27 vzf70 on the red blood c‘:orpusclesc of the rabbit. The method
whizch was used in these experiments was the following. The venom was
dissolved in a solution of common salt which was isotonic ® for thg red cells
of the rabbit. The strength of this solution was 1 c.c.=2 milligrammes, namely,
o'z per cent. From this original solation a succession of two-fold dilutions,
made with salt solution of the same strength as used for the original solution
of 'venom, was prepared in 2 series of test tubes, so that each dilution con-
tained half the amount of the poison of the one just above it in the series.
A convenient quantity, namely, 0’5 c.c., of each dilution was then measured
into a series of small test-tubes. To each tube a measured quantity, namely,
0003 €.c., of fresh blood was added by means of a graduated capillary pipette.
A control tube of salt solution and blood alone was also prepared. The
preparations were allowed to stand at laboratory temperature (about 25° C.)
for 20 hours, when the results were recorded. At the same time observations
were made in an exactly similar manner with a heated solution of venom, A
o'2 per cent, solution was heated in a water bath for half an hour at 75° C. and
then filtered. The filtrate was treated in the same way as the original un-
heated solution. The results of these observations are detailed in the protocols,
series No. V. A glance at this table enables us to come to the conclusion
that the venom of Bungarus fasciatus has only a slight destructive action
on the red corpuscles iz wztro and, further, that the heated venom has the
same hzmolysing power as the unheated venom. In .consideration of this
result, and also in consideration of the observations zz 2470 to which attention
has been already drawn, we can conclude that the action which the venom of
Bungarus fasciatus has on the red bléod corpuscles is slight and of quite minor
importance compared with its action on the nervous system.

Toxicity of the venom of Bungarus fasciatus.

In order to compare the toxicity of this poison with the toxicity of'the
venoms of other species of snakes with which I have worked, several serie$ of
experiments were undertaken. The results of the§e observations have now to be
put on record. %

In the first place, the minimum lethal dose for rabbits of the venom
under consideration was determined both by intravenous and subcutaneous in-
jection. A reference to the protocols (series Nos. V1 and VII) will show that
it was found that o'7 milligramme per kilo. was the smallest quantity which
killed a rabbit when the injection was made directly into the bléod stream,
put that 25 to 3 milligrammes pe: kilo, were required to cause death when
the injection was made under the skin.

In the second place, a series of experiments was undertaken to determine the
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minimum lethal dose of this venom -for rats of about 118 grammes in weight.
A glance at the protocols, series No. VIII, will show that the results following
the injection of small quantities of venom into rats were variable. Thus, it: was,
found that in two instances o'5 milligramme caused a fatal result, while in an-

other case 1°5 milligrammes brought on very urgent symptoms but did not

kill. Again, in one instance one milligramme caused death, while in another

experiment this amount failed to kill. It appears, therefore, that in cider

to be certain of producing a fatal result a greater amount than 1°5 milligrammes

would have to be given,

In the third place, the minimum lethal dose of the venom of Bungarus fas-
ciatus for monkeys, when the poison is injected subcutaneously, was determined.
A reference to the protocols, series No. IX, will show that this amount was
ascertained to be-about 3 milligrammes per kilo. '

With a view of comparing the toxicity of this poison with that of cobra
venom, two series of experiments were made to determine the minimum lethal
dose of this latter venom for rabbits and monkeys, respectively, when the injec-
tions are made subcutaneously. It was found (vzde protocols, series Nos. X
and XI) that o'35 milligramme per kilo. for rabbits and 0’25 milligramme per
kilo. for monkeys were the smallest amounts which were able with certainty to
produce death. In previous series of experiments,” which have been already
published, I demonstrated that the minimum lethal dose of cobra venom for rats
of about 118 grammes in weight was about 0’05 milligramme : it was found to
vary between 0'04 and 0’07 milligramme according to the sample of the venom
employed. From these data we can construct the following table, showing the
minimum lethal doses of the venoms of the cobra and Bungarus fasciatus for
three species of animals, when the poison is injected subcutaneously :—

\ l Rabbits. Rats, Monkeys.
Cobra venom . : E .1 035 milligramme l‘ 0'04 to o'07 milli- | 025 milligramme per
: per kilo. gramme. kilo.
Venom of Bungarus fasciatus . | 2'5to 3 milligrammes 1’5 milligrammes . | 3 _milligrammes  per

| ‘ per kilo. ‘ kilo.

From this table it will be seen that cobra venom is at least ten times’ as.
toxic as the venom of Bungarus fasciatus.

It is more difficult to compare the degree of toxicity. of the vemom of
Bungarus fasciatus with that of the venom of Daboia Russellii, We have seen,
however,, that it requires about 10 milligrammes per kilo. of the venom of
Bungarus fasciatus, injected intravenously into a rabbit, to cause intravascular
clotting, while as small a quantity 45 o‘1 milligramme per kilo. of daboia
poison injected in the same way kills a rabbit from thrombosis. Asregards this
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partioular physiological action daboia®venom is about 100 times more potent
than the poison of Bungarus fasciatus. Injected subcutaneously into a rabbit

. daboia venom varies greatly as regards the smallest amount which can cause

death. As a result of a great number of experiments on rabbits I have found
that a dose of from 1 to 2 milligrammes per kilo is required in most cases. Thus,
when given subcutaneously the venom of the daboia is still somewhat more
toxic than the poison of Bungarus fasciatus, for we have seen that from 25 to
3 milligrammesper kilo of this latter venom is required to kill a rabbit.

°

The neutralising power of two antivenomous sera for the venom
of Bungarus fasciatus.

I have now to place on record some observations which were made to test
the neutralising power of two antivenomous sera for the poison of Bungarus
fasciatus. The details of these observations have been already incorporated
in a paper on the °Specificity of Antivenomous Sera’® It is, however,
thought that {the present observations would not be complete unless some
reference was made to the results obtained. <

In the first place, two series of observations were made with Calmettes
serum, an antivenomous serum which this observer claims to be efficacious
against the venom of all species of snakes.” In both series of experiments rab-
bits were the animals employed, and the injections were made directly into the
blood stream. We have already seen (vide protocols, series No. VI) that the mini-
mum lethal dose of Bungarus fasciatug venom for rabbits by intravenous injec-
tion is o7 milligramme per kilo. In the first series of experiments (vzde proto=
cols, series No. XII A) four milligrammes, 7.e., about six lethal doses, were
mixed #n vitro with different quantities of serum. The mixture was allowed
to stand at laboratory temperature (about 25° C.) for half an hour. It was then
injected into the marginal vein of the rabbit’s ear. A glance at the table appended
will show that even 5 c.c. of serum were of no avail to save the life of the animal,
the rabbit which received this amount of serum along with the test dose dying after
practically the same interval of time as the control animal. In the second series
of expenmems with Calmette’s serum and the venom of Bungarus fasciatus (v:de
protocols, series No, XII B) two milligrammes of venom, z.e., about three lethal
doses, were used as the test dose, With this exception the same technique
was employed as in the previous series of experiments. It will be seen by refer-
ence to the protocols that even with this test dose, small muitiple as it was of the
minimum lethal dose, 5 c.c. of serum were not able to preserve the life of the
animal. The rabbits, however, which received 4 c.c. and §c.c. of serum, respec-
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tively, lived somewhat longer than the °control animal. Inasmuch as th» test
dose in these cases was such a small multiple of the minimum lethal dose, this
result does not appear to me to influence the conclusion to which we are led by
these two' series of observations, v7z., that Calmette’s serum has practically no

neutralising power for the venom of Bungarus fasciatus.
In the second place, a series of experiments was made with a serum prepared

by Dr. Tidswell of Sydney with the venom of the Australian tiger-snake (Hoplo-
cephalus curtus). This snake belongs to the same sub-family, 2i2., Elapinz, of
Colubridze, as Bungarus fasciatus, The details of the preparation of this venom
and the results which he obtained with it are to be found in a paper by
Dr. Tidswell in the Australasian Medical Gazette.” It need only be mentioned
here, that Tidswell found this serum to be strongly antitoxic to the venom with
which it was prepared, but to be quite inactive towards the venom of three
other Australian snakes. For this series of experiments rabbits again were the
animals employed. The test dose of venom used was 4 milligrammes per
kilo., namely, about six lethal doses. This test dose and different quantities of
serum were mixed #n wvifro. The mixture was allowed to stand at laboratory
temperature for half an hour. It was then injected into the marginal vein of the
ear of a rabbit. It will be seen from the protocols that the rabbit which received
5 c.c. of serum along with the test dose died in even a shorter time than the
control which received no serum. We have, therefore, to conclude that the
serum had failed to_neutralise even 2 modicum of the venom. The bearing of
the results of these observations has already been entered intoin full in the paper
from which they are now summarised. It need not further be discussed here.
We may summarise the main conclusionsto be drawn from the above

observations as follows :—
(1) Cases of intoxication with the venom of Bungarus fasciatus can be

divided into three classes:—

(@) Casesin which rapid death due to intravascular thrombesis follows
intravenous injection of large quantities of venom.

() Cases which present acute nervous symptoms and which termmate
fatally within 2 or 3 days alter the injection of the poison.
These cases are indistinguishable, as far as symptoms are con-
cefned, from cases of cobra venom intoxication.

(¢) Cases which run a chronic course and end fatally between the 6th
and 12th day after the injection of the poison. Snch cases are
peculiar to intoxication with this venom and present marked
special symptoms. A histological examination of the nervous
system in these cases shows a well marked primary degeneration
of the cells of the central nervous system.
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(2] The venom of Bungarus fasciitus:has an action on the blood plasma
in vigo, Injected directly into the blood stream in considerable
quantity it produces an increase of the blood coagulability which
may end in a fatal intravascular thrombosis. In the more or less
chronic cases of intoxication there is a deficiency in the blood coa-

ik gulability, but this deficiency cannot be said to be a factor in the
atiology of any symptoms observed. No definite results were ob-
tained with citrate plasma 2z vzfro.

(3) The venom of Bungarus fasciatus has only a slight destructive action
on the red blood corpuscles. This action is of little or no account
as far as the production of symptoms is concerned.

(4) The venom of Bungarus fasciatus is much less toxic than the venom
either of the cobra or of the daboia.

(5) The venom of Bungarus fasciatus is not neutralised either by the serum
prepared by Calmette of Lille or by a serum prepared by Dr.
Tidswell of Sydney with the poison of another colubrine snake,
namely, Hoplocephalus curtus.

Protocols.

Serigs No. I.— Experiment to estimate the amount of coagulable proteid
contained in the venom of Bungarus fascigtus.

A considerable quantity of the dried venom, iz., 93 milligrammes, having
been carefully weighed, was dissolved in a measured quantity of doubly-distilled
water. The strength of this solution was:1 per cent. The solution was then
heated in a water bath at 75° C, for half an hour, It was then thrown on toa
weighed filter paper, which had been previously dried in a hot water oven at
. 100° C. till it reached constant weight. The clear filtrate was caught in a
thoroughly cleaned and weighed platinum basin. '

The filter was well washed through with small quantities of distilled water.
It was then, along with the coagulated proteid, again dried in a water oven at
100° C. until a constant weight was recorded. The filtrate in the platinum
basin was evaporated to dryness in a water bath at 60° C. After thorough
desiccation over lime the basin with the residue was again weighed.

The following were the resuits obtained :—

Amount of venom = 0'093 gramme,

Strength of solution = 1 per cent.
{(a) Weight of filter paper and coagulated proteid = 0'2982 gramme.

Weight of filter paper alone = 02803 ”



.. Weight of coagulated proteid ° = 0°0179 gramme,
(8) Weight of platinum basin and dried residue =56'7133 23

X Weight of platinum basin alone =566389 R
~. Weight of dried residue = 00744 .

Thus, there were recovered from o3 milligrammes of venom 17°g milli-
grammes of coagulated proteid and 74 4 milligrammes of incoagulable residue, 4
total of g2'3 milligrammes. We arrive, therefore, at the following purcentage
composition :—

Coagulable proteids 20 per cent.
«JIncoagulable residue 801 n

Ser1ES No. II.—Experiments to ascertain the blood coagulation time at inter-
wals in chronicscases of intoxication withthe venom of Bungarus fasciatus.

The method which was adopted to estimate the coagulation time of the
bloodsin these observations was the method which has been elaborated by Pro-
fessor A. E. Wright. As the observations were always made at a uniform tem-
perature, namely, the day temperature of the laboratory in the months of January
and February, which in Bombay varies very little from day to day, it was found
unnecessary to make use pf the device, described by the inventor, for maintaining
the tubes at a standard temperature.

The results obtained can therefore be considered as comparable amongst
themselves as is possible. Two rabk!its and three monkeys were the animals

used. With one exception the venom was injected subcutaneously.
The following were the results obtained :—

!
BLOOD COAGULATION TIME IN MINUTES,
Weight Amount of ==
ANIMAL. in venom per kilo. | REMARKS,

- grammes, [In milligrammes. | Before | and | 3rd | 4th | 5th | 6th | 7th |

injection, | day. da.y.iday. day,|day. Jay.:

e % ’ l i | .
- g 1,500 2 |6 |9 | 53| ..|.. Found dead on the
*Rabbit 9 50 (Intrav.) } | . morning of 6th day.
|

«3

& s 2} ' 10 (10 | 3% 4§‘ ... | Found dead on the :
(Subcut.) y

w35 s« H6I0 } | mocning of 8th day.
g 2 3t |8 78| 78| -« | 8% | Recovered.

| ' ' |
2'5 ‘ i
} 3 7 8% | 52| 43 | eea | vu Died on 5th day.

(Subcut.)

” 5 ) '&So (Subcut.)

37
(Subcut.)

5 |6 (12 | .. | 78| we | oo | Died on morning bf 6th

” 2 . 1,640 day.

{
{
{
{
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SEriES No. II1.—Experiments to asceriainif the venom of Bungarus fasciatus
has the power of clotting citrate plasma in vitro, no soluble salt of lime

‘being added. 4 y

Two series of experiments were made, one with citrate donkey plasma and
the other with citrate horse plasma. =In each instance the citrate of soda was
present in the strength of 1 in 100 of plasma. The plasma was completely free
from red cells.

Two cubic centimetres of plasma were measured into each tube, to each of
which there was then added a different amount of the venom of Bungarus fas-
ciatus. The’strength of the venom solution used was 1 per cent. It was dis-
solved in normal saline solution.

The following were the results obtained :— ¢
(a) Donkey plasma (r per cent. citrafte).
Bungarus fas- o
Plasma. , ciatus venom in Result, s
milligrammes,
2 C.C. - 5 Liquid after 24 hours.
g b s v . S o . . . . . 4 o » 24 »
|
2 . . . 3 ” ” 24 "
25 3 . . . 3 - . 3 5 2 e ~ 2080 5
2: 5 . 2 S : - % S . . 1 = ” YR
(6) Horse plasma (1 per cent. citrate).
PP 5 :
I NRungarus fnn-‘
Plasma. |ciatus venom in Result,
milligrammes.
2.cc . . . . : . . . . l 5 | Liquid aftec 24 hours,
2 » . . . - . . o -i 4 : ” » 24 ”» ' z
2 " . . . . . 3 | ” » 24 » ‘.
2 . . . - 2 l » ” 24 »
2 . . . . - . . . . (G S 1] " 24 »
!

SERIES NO. IV.—Experiments to ascertain if the venom of Bungarus . fascia-
tus can prevent the clotting vf citrate plasma, which normally results from:
the addition of a soluble salt of hime.

Two series of experiments were made, one with citrate donkey plasma and
the other with citrate horse plasma. "in each case the citrate of soda was
present in the strength of 1in 100 of plasma.

Two cubic centimetres of plasma were measured into each tube, to each of

L =
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which there was then added a different:amount of the venom of Bungarus.fasci-

atus. The strengths of the venom solutions used were o'1 per cent. and 1 per

cent. * From one to two hours afterwards there was added to each tube a quantity

of calciuni chloride solution which clotted the control in less than 15 minutes.
The following were the results obtained :—

(@) Donkey plasrr;a (r .per c.:ent..cx'trate).

Bungarus fas-| Calgium Chlo- k
Plasma, ciatys venom in| ride solution, Result,
milligrammes, 2%
TG : : 2 SNy BN .7 o% ‘| o5cc | Clotied solidin 4 minutes.
3 . . - - . * . 1 SAf 0'4 : 0'5 n' ” » 4 ”
2 ". . - . . e . . ;. . i 0.3 ? °~S "‘ " ” 4 »
2T . < . O 3 i 0'2 6'5 » " » 4 »
2 5 . . . ot W Ty o] o1 0’5 5 ” » 4 =
(8) Horse plasma (1 per cent. citrate). .
Bunzarus fas- | Calciom Chlo-
Plasma, ciatus venom in| ride solution, ) Result.
milligrammes t%
- e 24
A CC . . . . . . . 5 o5 Ce | Clo'ted solid in 12 minutes.
|
2 5 . . . . . . . 4 0’5 » | » ” 12 ”
2 " . . . » V . . . 3 0'5 ” \‘ ” n 12 ”n
’ ” . . . . - . . 2 0.5 ” ‘ ” ” 12 »
1
‘ 2 % e . . . . . . | S0 o'5 » [ » 12 »
|

SERIES No. V.—Experiments to demonstrate the resuit of the hemolytic action
of the venom of Bungarus fasciatus, unheated and heated, in vitro on the
blood of rabbits. '
A sample of the venom of Bungarus fasciatus was dissolved in sterile salt

solution (075 per cent.). The strength of this solution was 0'2 per cent. A

portion of this solution was heated in a water bath at 75° C. for half an hour and

then filtered to remove the cuvagulated proteids. ,

An estimation of the hamolytic power of the original unheated venonrand
of the heated solution was made. Each tube in the series contained o'5 c.c. of
venom solution, which was half the strength of the solution in the tube next
above it in the series. '

The dilutions were made with salt solution (0'75 per cent.). To each tube
was then added o003 c.c. of fresh rabbit's blood drawn from the artery of the ear,
The preparations were kept at laboratory temperature (about 25° C.). The
observations were recorded 20 hours after the preparations were made.

E
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The following were the results obtained:—

< Strength of venom solutions, Unheated. Heated.

O'5iCe =% milligramme . > . - . 5 . .| Slight H. [ Slight H,

W95 » = 05 » b o S 3 % » : o Trace H.
05'n =025 » oSt A Ve L\ L 13 No H.
0’55y | =i 0CiI25 » . s . . . . . . » »
o5 pn = 00025 » » . . A . . D) . ” ”
o5 = 03125 “ . . . A A . 3 ol < Tl.'aCe H.
05 » = 00156 - h kel DR SRS L TRace |1 Slight.H:
o5 » = 00078 » . AL . . ; + | Slight H. #
o5 , = 00039 o5 LY T Dot s AL SR P »

Sart SoLuTIiON . . S . .| No H.

SerIES No. VI.—Experiments todetermine the minimum lethal dose for rabbils
by intravenous injection of the pure venom of Bungarus fasciatus.

The poison was carefully dried fresh venom of Bungarus fasciatus. A

1 per cent. solution in sterile salt solutisn was mades Five-fold and ten-fold

dilutions of this original solution were prepared when necessary.

All the solu-

tions were kept unheated, The injections were made: into the marginal vein of
the ear of the rabbit. /
The following were the results obtained : —

<

Amount of venom

Animal. Walp R e ot Result,
Rabbit 1 . . | 1,700 grammes o |1 milligr&mms Died in 2} minutes.
o g g 1,640 R ol 5 “ v w 18 4
» < B 5 1,500 ” «| 535 ” . s» 3% hours,
AN A n6oo .| 3 » ¢ w1 hour, .
= B 1,370 » o| 2'5 " «| Found dead after 20 hours. i .
» 6] .| 1,520 ” o 3 ”» .| Died in 24 hours,
” T s «| 1470 ” | 1 ” e gy 30 g
" g8t .| 1,590 P . o8 » s » 120
= O .| 1,760 5 .| 075 ~ .| Found dead after 66 hours,
T L B .| 1,280 » «| 075 ”» .| Died in 48 hours,
e VI .| 1,680 - ol 07 - .| Found dead after 48 ho::@
L AR 1,380 » o6 » .| Hl ¢ lost weight 3 recovered.
» T4 .| 1,830 " «| 0§ » . » " »
- R O o 1330 & .| 0'25 » .| Stightly ill ; recovered.
: .
%
. . J
.

o9

o
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From the above table it appears that about o'7 milligramme per kilo. of
the venom of Bungarus fasciatus is the minimum lethal dose for a rabbit when
the injection is made intravenously. G

o

SERIES No. VII.—Experiments to determine the minimum lethal dose jfor
rabbits by subcutaneous injection of the pure venom of Bungarus fasciatus.

The poison was the same as used in the previous series of experiments.
The strengths of the solutions employed were o'2 per cent. and o'1 per cent.

These were made with normal salt solution. All injections were made in the
inner side of the thigh.

The following were the results obtained :—

Q

Avial) Weight. Amount of venom

per kilo. BRELS
|
Rabbit 1, .| 1,610 grammes .| 3 milligrammes .| Diedin 8 days. .
2 % «| LSO .| 2’5 A . » 20 hours.

3l .| 1.560 33 ol 2 D .| Lost weight ; recovered.
n~ 4 . . | 1,390 » «| 1°5, » .| No symptoms,

|
s 5 - .I 1,400 -3 ol o . | Lost weight; recovered.
hi 20 M ‘ 1,430 » .| 675 ‘ - .| No symptoms,
PR A S [ 1,270 ,, . 1 o'5 ~ X A

From the above table it appears that 2'5 to 3 milligrammes per kilo. of

weight is the minimum lethal dose for a rabbit when the injection is made
subcutaneously. .

SeRIES No. VIII.—Experiments to determiae the minimum lethal dose jor
rais by subcutaneous injection of the pure wenom of Bungarus fasciatus.
The poison was the same as used in the experiments of series Nos. VI
and VII. The strengths of solutions employed were o'2 per cent. and o'1 per
cent. These were made with normal salt solution. Care was takenin choosing
rats of about 118 grammes in weight. The injections were made subcutane-
ously in the inner side of the thigh.
E 2
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Fhe following were the results obtaihed :—

.
L
Animal, b Result, y
e
Rat: 'p . IS 4 Found dead after 18 hours.
»” - . . . 2 ”» » 18 »
TR I . . . 1’5 Very ill : recovered. : 3
o A . . . 5 1'5 Found dead after 11 days.»
» Sie - 3 . 1 > » 306 hours.
'
. K0! i . . . 1 Very ill : recovered.
» 7 . . . 0'5 Found dead after 36 hours.
S s . . 5 0'5 o » 48 v
o 9 A ¢ a 0'25 111 : recovered.
W 5105 6 e . . o'1 Slightly 11l : recovered. ‘
EENE ¢ g e ’ . - 0'075 No symptoms,
” 12 . . . . 003 ” »”

From the above series of experiments it is difficult to determine exactly the
amount of poison which can be depended on to kill a rat. Thus o'5 ‘milli-
gramme killed in two cases, while three times this amount, 25, 1°5 milli-
grammes, failed to kill, although grave symptoms followed the injection. We
must therefore, take it that to produce a certain letiial effect an amount greater
than 1°'5 milligrammes must be given.

SERIES No. 1X.—Experiments to delermine the minimum lethal dose jfor
monkeys by subculaneous injection of the pure vemom of Bungarus
fasciatus.

The poison was the same as used in the experiments of series Nos, VI, VII,
and VIII. The venom was dissolved in normal saline solution, The strength
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of the solution was 0’2 per cent. The injections were made subcutan:zousiy In
] front of the chest. The following were the results obtained :—
; Animal, Weight. | Amom ‘:‘(ﬂ\:‘:nom Result.
-
Monkey 1 . . | 2,480 grammes . } 6 milligl;ammcs . | Died in 44 hours.
& o 2 . . | 1,640 P . |37 S « | Found dead after 120 hours. R
3 » 3. .| 2,760 - |3 »” Very ill : lost weight: paralysed :
‘ recovered.
» 4 « | 3150 » .| 3 W . | Died after 144 hours.
= (e o |EXi950 : } 2's A . | Died after 96 hours.
” 6 . .112°6° » .| 25 ” » 220
” 7 - « | L3540 »” 2 » Recovered.
&l

!

It will be seeri from the above tablg that a certain minimum lethal dose isover
3 milligrammes per kilo., although 2°5 milligrammss per kilo. killed in two cases,

SERIES No. X.—Experiments to determine the minimum lethal dese for rabbits
by subcutaneous injection of pure cobra venom.

- The venom used was pure fresh cobra poison, got from five recently captured
cobras by squeezing the glands. The strength of the solution employed was
o'1 per cent. This was made with normal salt solution and was left unheated,
All injections were made subcutaneously in the inner side of the thigh.

The following were the results obtained :—

Animal.

Rabbit 1 . .

Result,

» 25t :
5 . .
» 4 .
$ v 2t Bl e
5. s 6 .
" 140 .
2 8 .
BTy 9 .
e X0 % .
%l A11 3
» 12 -. s
5 13 . .

Weght, | Amowtofyenom
1,470 grammes . | 0’8 milligrammes .
1,550 » o | 07 »
1,740 » .| 06 »
1,570 » o'5 ”
1,430 " .| 04 »
1,500 ” » | 035 »
1,520 55 '3 2
1,370 n * o3 ”
1,820 » . | 025 »
1,360 » o |02 »
1,620 ”» « |02 "
1,360 ”" « 015 ~
1,590 " R "

Died in 23 hours,
» 25 0w

”» 2* »

Found dead a‘ter 24 hours.

” » 2 4 »
” ” 24 »
» » 24 p

Very ill : recovered.
111 at first ; recovered ; died suddenly

on 4th day.
Lost weight : recovered.

“a »

No symptoms.

From the above series of experiments we can conclude that 035 millie
gramme per kilo, is a certain lethal dose for a rabbit.
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SER1ES No. XI.—Experiments to determine the minimum lethal dose for

monkeys by subcutaneous injection of pure cobra venom.

* +The venom used was pure cobra venom, got by allowing the snakes to bite
through a sheet of water-proof cloth stretched over a stout wine-glass. The
strength of the solution employed was, o'1 per cent. All injections were made
subcutaneously in the front of the chest.

The following were the resuits obtained :—

Animal. Weight. slosafi il Result.
Monkey r . . | 2,2¢0 grammes .| 3 milligrammes . | Died in 1 hous.

5 2 k= « | 1,260 % . | 006 £ s A hours.

RNt e | 'aBas i | o4 ,, e RS

LT Y RS < |°5,83018 7, . | 025 -, . n 0 5

i eSS4 S| 5930 ¢ [0 e R . | o2 » « | Il : recovered. y

From the above series of experiments we can conclude that o'25 milli-
gramme per kilo. is the minimum amount which can kill a monkey,

SERIES No. XII.—Experiments to ascertain if Calmette’s sexum has any
neutralising power for the venom of Bungarus fasciatus.

The serum used in these series of experiments was perfectly fresh serum,
It had been received direct from Lille a few days before the observations were
made. Rabbits were the animals used.

All injections were made intravenously. Two series of experiments were
performed. i i

(A) In the first series the test dose of venom used was 4 milligrammes per
kilo., viz., about 6 lethal doses. This test dose of venom in solution (1 per
cent.) in normal salt solution and the serum in different quantities were mixed zn
vitro, The mixture was allowed to stand at. laboratory temperature (abeut
25° C.) for half an hour. It was then injected into the marginal vein of the ear
of the rabbit.

The following were the results obtained :(— -

L

Animal, Weight. Amo;:s_ zli'lz.cncm Amount-of serum. KResult,
Rabbit 1 « | 1,180 grammes. | 4 milligrammes, 0’5 c.c. . . | Died in 27 minutes,
» 3 . | 1,800 5 e |4 P Y| 1 T . » 34 ”
» 3 el 1570 a0 |4 ” AT VANG . FARE | S
% 4 dla8ie 5 S& % . S . | Found dead after 50 minutes.
o % icoln‘- 1,4G0 W el 4 5 s Nil o « | Died in 30 minutes.
rol).
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From this series of observations it will be seen that 5 c.c. of serum failed
to neutralise 7°24—1'08 milligrammes =616 milligrammes of venom.

(B) In the second series of experiments the test dose of venom employed
v+ was 2 milligrammes per kilo., #iz., about 3 lethal doses. With this exception,
the same fechnzgue was used as in the first series of observations with this poison.

. The following results were obtained :—
' Animal. Weight. 3 A"‘"’;:: ?(ifl\:-:nom Amount of serum, ] Result,
[ Rabbit 1 .+ | 1,300 grammes. | 2 milligrammes. | 2 c.c. . « | Died in 18 hours.
» =5 g . | 1,460 e o2 - ol I3 R0 Lk . | Found dead after 17 hours.
1 s 5. 3 o| 1370 5 .| 2 s |4 » . . % s 60 5
E P 4 sl 352000 s, " o2 » 31 Ik AR " w493 T
» 5 (con-| 1,320 « | 2 A - sl . ~ 5 5 2284 =
trol).
. From this series of experiments it is evident that 5 c.c. of serum failed to

neutralise 2°4—o0'72 milligrammes = 1'68 milligrammes of this venom.
These two series of observations show conclusively that Calmette’s serum

TA S is inactive against the venom of Bungarus fasciatus.
=]
' . SERIES No. XII1.—Experiments to ascertain if the serum of a horse immunised
with the venom of Hoplocephalus curtus has the power to neutralise ehe
venom of Bungarus fasciatus. .
The serum which was used in this series of experiments was prepared by
Dr. Tidswell of Sydney by immunising a horse with the pure venom of Hoplo-
' cephalus curtus. It was very, active for this poison but was quite inactive
against the venoms of three other Australian snakes. The observations were
made with*rabbits. All injections.were made intravenously.
% ~ . The test dose of venom used was 4 milligrammes per kilo., v2z., about 6
lethal doses. In each instance this test dose (1 per cent. solution) and the
¥ serum were mixed #n wvifro. The mixture was allowed to stand at laboratory
. temperature for half an hour. It was then injected into the marginal vein of
the ear of the rabbit. Sy
The following results were obtained :—
s Animal, Weight. | Amo;::'!'?iilc;r.enum Amount of serum, Result,
% Rabbit 1 Ry 1,450 grammes . | 4 milligrammes.| 0’5 ¢.c. « Died in 32 minuces.
» 2 o280 50 W ¢ " 2 LS S . »n 132 »
) » 3 o | 1,460 4 " cl2 w . . » 32 "
:- ) . . SN A 2680 5 add 5 A S W . » IO &
. » Sfcon=|1400 , |4 » . Nt ¢ . n 30 5
S . trol).
I
S e B .
< .
-
s
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- From this series of experiments it is at once evident that the serum ot a
korse immunised with the venom of Hoplocephalus curtus has no pewer to

neutralise the venom of Bungarus fasciatus. .

‘ Notes and References.

(1) (a) “Scientific Memoirs by Officers of the Medical and Sanitary Departments of
the Government of India.” New 'series, 1903, No. 3.
(5) Ditto: New series, 1903, No. 4.
(c) Ditto: New series, 1903, No. 5. ,
(d) Lancet : August 16th, 1902, .
(2) Loc. cit, z
(3) “Indian snake poisons, their nature and efiect”” London, W. H. Allen and Co,,
1883.
(4) “Scientific Memoirs by Officers of the Medical and Sanitary Departments of the
Government of India,” New series, 1903, No. 3.
{5) Loc. cit., zide reference 4.
(6) Loc. cit.
(7) “Scientific Memoirs by Officers of the Medical ané, Sanitary Departments of the
Government of India.” New series, 1903, No. 4.
(8) The term ‘isotonic’ is not used in the strictly physiological sense. 1 have
employed it to mean the weakest strength of salt solution in which no ‘laking’ of the

blood was observed; in other words, ‘laking’ and not swelling of the corpuscles was
taken as a standard,

®

(9) ““Scientific Memoirs by Officers gf the Medical and Sanitary Departments of
the Government of India.” New series, 1902, No. 1,

(10) “Scientific Memoirs by Officers of the Medical and Sanitary Departments of
the Government of India.” New series, 1903, No. 5.

(11) “ Notice sur le sérum antivenimeux et sur le traitment des morsures des ser=
pents.”” Lille 1go1.

(12) “ Australasian Medical Gazette,” April 21st, 1902, p. 177.
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