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The following researéh was conducted by me while
holding the Vans Dunlop Scholarship in Materia
Medica. Professor Sir Thomas R. Fraser suggested as
a subjeét of enguiry the investigation of the action
of the venom of the African Cobra (Naja Haja), and
placed at my disposal an ample supply of this venom.
He himself had obtainesd in 1895 and 1896 a number of
the dried poison glands from Mr. J. W. Van' Puttén of
the Clan William district of South Africa, and from
them had extracted the venom in a nearly pﬁfe

state.

i am also indebted to Sir Thomas Fraser for the
interest taken in the progress of the work and for
directions as to the poiﬁts to be investigated, and
the methods of their investigation. Sir Thomas
Fraser had in 1897 already determined the minimal
lethal dose of this venom for rabbits and the general
charadter of the symptoms it produces, in connection
with% as yet unpublished work on immunisation and
on the antidotal influence of bile from various
animals on this venom. He observed that the
general effects and the 1lethality were very

similar to those of the Indian Cobrs Venom.
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Beyond Sir Thomas Fraser's researches I have
not been able to find that any other work hss been

done with the African Cobra Venom.

On the other hand memy—woriers—lmve—imwestisetod

the action of the Indian Cobra Venom and of a

considerable number of other Venoms, Aade engaged K alternsls
of many e S sza.;-’é:x‘s‘.

Workers on the action of Indian Cobra Venom,
with the exception of Cunningham, have established
the fact that it has a profound action on the

various parts of the nervous system.

Cunningham believes that the primary action of
Cobra Venom is on ths blood, and that the nervous
bhenomena observed, are a result of the altered
state of this circulating medium. While other
workers do not deny that cobra venom has én action
on the blood, they hold that there i ohaci i on

primarily on nerve tissue.

Lauder Brunton and Fayrer, who were among
the first to conduct a systematic research on this
subject, find that 1Indian Cobra Venom
(1) paralyses the termination of the motor néfve ends
(2) depresses the function of the spinal.cord as a
re?lex centre, and éé a cbnductof of motor

impulses.

They/
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They find that small doses act upon the motor
nerve tepminals, and that large doses affect the
reflex mechanism in the spinal cord, but no definite
dosage 1is gilven.

On the higher centres, they find that Indian
Cobra Venom exsrts an'éction in the shape of
paralysing the respiratonpy centre.

They find that sensory nerves are not affected.
As regards the action of the venom on the circulstion
sZrunton and Fayrer find that, with the dose administer
ed by subcutaneous injection, the heart is arrested
in systole. This they also find to be the case
when venom in solution is applied locally to the
excised frog's heart; The cause of this systclic
arrest is attributed by them to a local action.of the
venom on the motor ganglia, in the direction of
stimulation. Besides the above actions on the
nervous system, it was found by these workers that in
some experiments crenation of the red blood cells
occurred on injection of venom subcutaneously. The
doses so injected were large, but the exact proportion
of dose to body weight of the animal employed is not
stated. >

Brunton and Fayrer find that muscle tissue is
profoundly affécted by solutions of Indian Cobra
Venom and that the change is in the direction:of
diminished irritability of the muscle with finally

complete/
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complete loss of contractile power on direct electri-
‘cal stimulation.

E The blood pressure they find to fall gradually.

Aron finds that Indian Cobra Venom kills muscle

gby a direct action. He denies any effect on the
?motor nerve ends, but agrees with Brunton and Fayrer

gin stating, that it paralyses the reflex centres in
?the spinal cord and also destroys the function of the |

cord as a conductor of motor impulses.

As regards respiration, Aron finds that Indian

| Cobra Venom causes a cessation of it by paralysihg

|
?the respiratory centre of the medulla. On the

icirculation according to this worker, the venom ekerté
gthe same effects on the heart as are observed by |
' Brunton and Fayrer, but he makes the additional

| statement that in small doses the ventricle stops in%
|diastole. This result he considers due to paralysisf
éof the vagal centre. -

é In his work the doses employed are large,
écertainly much above the minimal lethal dose, and no

attempt was made either by him or by the previous

workers to determine such a2 minimal lethal dose.

|
|
Wall finds the same results as the previous |
|
workers in so far as the effects of the venom on the |

conduction of motor impulses by the spinal cord and

on the motor nerve ends are concerned. Respiration

i/
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is paralysed by the action of the venom on the
‘respiratory centreand in Wail‘s book we find the
éinteresting statements, that there is primarily an
:increase in frequency and depth of the respiratory !
movements. This is followed by a diminution both in]
the rate and excursus. The heart he finds beating |

after respiration ceases. As regerds the action on

fthe heart Wall finds there is a primary acceleration
Eof the pulse rate.

; The.blood pressure he finds to fall. As regsrds |
ithe action of the venom on the red blood cells -
Ecrenation is noted post mortem. The liver is found

!by him to be much congested and to bleed freely on

| section, and the intestinal canal is also injected.

| Ragotzi discusses the earlier literature,
épaying special attention to the work of Erunton and
%Fayrer and Aron, and while bringing the objection aboﬁe
noted as regards dosage against their results he is :

not without the same failing in his own work. He

makes no attempt to determine an accurate minimal l

| lethal doée although the doses he employs are not so

élarge as those of previous workers. This investiga-

tor finds that with large doses the effect is mainly
exercised on the heart and the characteristic effects?
on the nervous system are not obtained. Those latter:
-ieffects, and especizlly the action-of the venom on th§

'nerve terminals, are, according to him, best obtained |
| |
‘when small doses are employed. He does not however |
|
|discuss/ _!




| that after small doses the heart stops in diastole

discuss the effects of graduated doses on the various
parts of the nervous system.

He finds paralysis of motor nerve ends to be a
prominent feature in the action of Indian Cobra-
venon . The reflex function of the spinal cord is,
according to Ragotzi, not destroyed. The venom kills
b¥ paralysing respiration, this being brought about
by 'an action on the ends bf the nerves supplying the
respiratory muscles and is not due to an action on the
centre in the Medulla.

Ragotzi finds that Indian Cobra-venom is a muscle
poison although the nervous phenomena are evident
long before the muscles are affected. No curves,
such as can be obtained by recording muscle twitches
by means of a léver writing on a revolving drum, are
adduced in support of 'tliis, and his results are inferre
from the observation of the feebleness of contraction
on stimulating the muscle. Ragotzi finds that in
comparatively large doses there is no effect pro-
duced on the Vaso motor centre. He agrees with Aroni
of the ventricle and after large doses in systole of
that organ. In the blood he observed haemolytic
phenomena.

Weir-liitchell and Reichert, who worked mainly
on the action of Crotalus venom, have some interest-

ing experiments on the action of Cobra Venom (Indian)

on/




+ above normal as death is reached.’

on the pulse rate, arterial pressure and respiration.
They find an increase in the pulse rate, which |
in the majority of their experiments was followed by
a decrease,
On the arterial pressure there is found by these
workers to be a primary fall followed by a rise, and

the statement is made that ths blood pressure may rise

Respiration they find to be affected in the
direction of a primary increase in the number and
and depth of the individual respirations, followed by
a diminution both in the humber and depth . Much of |
Welr-Mitchell and Reichert's work is performed with
the globulin and peptone that they separated from the
crude poison,bu£ later researches consider that the
venom is really a proteose. Blyth separated what
he considered to be Cobric acid from Cobra Venom but
this was disproved by Norris Wolflendsn . Myers says
that Cobra Venom contains substances having two
distinct actions, one a haemolytic agent and the
other = nerve poison, Along with Stephens this
opinion he is able to confirm and they consider that
the haemolytic agent is a coagulable proteid and the
nerve poison an incoagulabls proteid. They also
find that "in vitro" haemolysis can be obtained but
"in corpore" there: is no evidence of haemolysis; but
in certaln dosages there is delay in, or complete

absence of clotting in the blood.

Vollmer supports the opinion that hsemolysis

can/




can be obtained "in vitro" and not %in corpore" ,

and Lamb and Eanna, who contrast the actions Qf Cobra
and Dabola Venoms find that the former possesses no
agent that causes intravasculer thrombosis, whereas
the latter 1s dependent for its effects on the
organism upon. this property.

Auché'and Louis Vaillant in some experiments upon
‘lguines-pizs performed with venom - the kind and
dosage unfortunately not being stated, find thst there
is a markesd leucocytesis. They also state that there
is a rapid destruction of the red blood cells, but
that 1f the animal recover,, they soon return to

normal numbers, and larzge nucleated corpuscles make
their appearance.

Nowack finds that in animals killed by the action
of snake venoms the liver and kidneys show marked
changes when examined microscopically. He describes
a condition in the kidney bhat resembles acute
desquamative ‘nephritis and finds in addition a
condition of fatty degeneration in liver and kidneys.
African Cobra Venom I have found to possess the power
of producing acute nephritis and marked congestion of
the liver but I ha}e not' been ahle to establish the
existence of any fatty degeneration, either in kidney
or liver. |

In a very interesting preliminsry note upon the
action of snake wvenom on the nervous system, Lamb

and Hunter find that with Indian Cobra Venom,

i

degenerative changes are produced in parts of the

u

motor/




motor neurones, They have been experimenting with
monkeys and rats, and they realise that the time
element is important, as they believe the snimals
died before there was time for extensive degeneratiwe
changes to occur. In some experiments on frogs
that wére performed in the early summer .of last year,
and which are incorporated in the present paper, the
chgnges found in the anterior cornual cells are
described; In the frog, time is gllowed for the
venom to exercise its action on the various parts

of the nervous system, és the circulation continues
long after the respiration is paralysed. This fact
makes the frog a much more favourable animal in
which to study such changes than is a warm blooded

animal.

The sample of venom given to me by Professor
Sir Thomas R. Fraser was in the form of a coarss
powdér of a bright yellow colour and freely
soluble in water, the watery solution being neutral

in reaction.

For the purposes of this research small guantities
of the venom were dissolved in sterilised water, to
which a little camphor was =added, as required, and

the effects were studied upon frogs and rabbits.

The /




The first point determined was the minimal
lethal dose for frogs. Male frogs, (species Rana
Temporaria), were employed. The injections were
made subcutaneously in the back. The results are

seen in the following table.

-\‘

: No. of | Wt. of Frog.; Amount injected | Amount per i Result =
- BExpt b Cremme Wt. -
1L 25 grammes -015 milligramme | .0006 ~mg Recovery, few symﬁtom:
II. g7 M .02 fes .00073 " " | marked
TEIESE, 25 d i .025 i .00L " Death on 8th day
Iv. 30 | .045 l 0015 - o e i Tgpp
Vs 2l .05 i 0018 * | " ¢ on
LS 20 . .1 U/ .005 i i It N ath-——!

E o5 .2 " .01 o 2rd "

£ ="

é NIIEs o0 .3 " SOlE moo® mpg, o

E =T 21 " 4 " .02 t moo® Bth o "

?r X 25 i 2 .625 i <025 e " in|{20 hours.
Xl 25 3 2 70 Y .03 # " within 20 hours

The general symptoms, produced by the subcutaneous

injectidn of African Cobra Venom, are well

seen in the following experiments, selected from thoss

in the above table.

_Exp.VI.

March 10th 1903,

Frog (R Temp.) Male, Healthy, Weight, 20 grammes,
Respirations 24 in 10 seconds. Heart beats, 9 in 10
seconds as seen through skin of pectcral region.

At 2,925 pems/

Temperature of Laboratory 55°F.

=




10.

At 2.25 DPam. 5 c.c. Of a solution of African cobra

venom in sterile eamphor water (strength
1 mg in 5 c.c) was injected under the
skin of the back. The total quantity
of venom injected was therefore .1 mg,
and the amount per gramme wt. of frog
was .005 mg. Immediately after in -

jection the frog was restless.

3.25 p.m. Animal is disinclined to move, but

jumps well when stimulated.

4,15 p.m. Respirations are slower 18 in 10 seconds

and there are occasionally two or three

deep gasps.

4.30 pe.m. Animal sluggish: on pinching toe the

5 p.m-

7 Pella

frog moves leg away but does not jump :
can still make voluntary movements.
Goniiiicn senic

There is weakness of anterior extremitie
so that thorax rests on the table. The
respirations are feeble but regular:.
their rate 1is 12 in 10 seconds. FHeart
beats are visible but faint: their rate

is 8 in 10 seconds.

7.20 p.m. moves spontaneously but sluggishly

and after exertion takes two or three
deep gasps. The reflexes are~still
active, and the frog turns quickly

when laid on the back.

785 paliie/.




7.35 pem.

7.45 p.m.

8.0 p.m.

8030 PaTle

11.

All the ventral aspect is now resting on
the table - animel is more sluggish,

Respirations are very feeble: rate is 7

in 10 seconds. On pinching skin of flank,
the frog méves hind ' 1imb ofusame side, and
foot is moved to part irritated. Movements
occur in all the other limbs.

When laid on back frog finds great
difficulty in tﬁrning on to belly.
Convulsive moﬁéments are seen of gbdominal
muscles. While frog is lying en back, ths
heart is seen beating feebly at the rate
of 7 contractions in 10 seconds. The
respirations are exceedingly feeble and ard
at the rate of 7 in 10 seconds.

When frog was lald on back-it remained in
this position for three minutes and after
much endeavour regained position on belly.
The frog occasionally raises 1lts! thorax on
fore legs but the head soon sinks down
again. The respirations are exceedingly
feeble: the refleXes are:activeithe
animal can crawl slug:ishly a little way
and when stimulated by pinching a toe

can jump. The heart beats are still
regular and visible - rate 7 in 10 seconds.
When laid on back the frog remained in

this/




8.30 p.t.

9.30 p.ma.

10.30 a.m.

12 noon.

this position after one or twe endeavours
to turn. The respirationz in this posture
were not visible. Heart beats still
visible. When 1laid on belly; the re-
spirations were sesn to be very weak, their
rate being 8 in 10 semonds. The animal
makes straining movements with abdomlnal.
and throat muscles,simulatiang retching.
Frog is disinclined to move, although it
moves on pinching toe and very occasionally
mzkes spontaneous movements.

Condition is éawe as at 8.30 p.m. Frog

L]

placed under inverted funnel in a 1little
water.

11th March.

This morning the respirations are only
occasional and very weak: two or three
occurring in the 10 seconds. The heart
is seén beating regularly and fairly
étrongly, its rate is 6 in 10 seconds.
The =2nimal makes very feeble attempts to
regain ventral position when 1laid on the
back. The reflexes are still active both
to mechanical and electfidal stimulation,
and the animal can still make spontaneous
movements, but the hind 1imbs do not
resume their normal attitude of flexion
for several minutes after movement.

Respiration has ceased: heart still beating
—rogee




13.

12 noon at rate of 6 in 10 seconds: the reflexes

SelD Peme

11 =2.m.

7 pem.

are feeble.

Animal lying quite flaccid: very feeble
and much delayed reflex movements are
obtained in stimulation. Heart still
beating regularly at rate of 6 beats iﬁ

10 seconds.

12th March.

Animal in same condition as yesterday.
13th March.,

Frog 1s 1in same condition as yesterday.
Reflexes which are exceedingly feeble and
much delayed are obtainable on pinching toe
or skin of abdomen. The heart is beating
regﬁlarly but feebly at the rate of 5 in
10" secondss

The animal remained in the same condifian
all day and at 7 p.m. the heart beats were
with great difficulty made out: the rate
being still 5 in 10 seconds. Very feeble
reflexes are present in 2ll limbs on
pinching the skin,

l4th March.

R

Animal flaccid: feeble reflexes still

obtainable: heart beating regularly at rate
of 6 in 10 seoonds.

On the 15th and 16th of WMarch animal
remained in same condition.

17th March/
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17th March. The reflexes are now confined
to 2imb pinched. Electrical stimulation by
means of an induced current causes: contrae-
tions in muscles underlying the position of
skin stimulsted with the secondary ecoil

at a distance of 80 mm.. from the primary.
No reflex movement is obtained with this
strength of stimulation. The heart is

seen to be beating feebly at the rate of 6

in 10 seconds.

18th March Heart is very feeble: rate,5 beats in 10

19th March

= arems

S Dl

seconds. No reflexes are obtainable on
pinching the skin, nor on strong electrical
stimulation, The muscles are more irritasb
than yesterday and contract when secondary
coll is =t a distance of 140 mm~ From ths
primary.

Animal in same condition as yesterday is
lying quite FPl=ccid. ‘The heart beats are
made out with great difficulty: rate 4 in
10 seconds. No reflexes are ohtainable:
Muscles respond to stimulation with second-
ary- coil a2t iSO mm: from primary.

Heart has ceased to beat and en exposure
the auricles were seen to be dark and
dilated, the ventriele is mederately! -
contracted. No response is obtained on
stimulating the sciatic nerve even with

the/
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éB p.m. the secondary coil at 10 mm. Muscles respond!
i well with secondary coil at 90 mm. Blood |
films and a capillary tubeful of blood were i
kept for examination, as were also the kidneyé,
which were much congested. A cut section of

the muscles was alkaline to test paper.

Expt:VII. March 11th 1903. Temp. of Laboratory 56° F

|

' Frog male, healthy, Weight 20 grammes.
Respiration 24 per 10 seconds. Heart beats

g 10 in 10 seconds.

| 11.30 a.m. Injected under skin of back .2 mg African
Cobra Venom: this equals .01 mg per gramme

weight of frog. The animal was much

exclted and jumped about wildly. %

'11.45 a.m. Respirations are irregular and quicker, th%.
[ rate being 27 in 10 secbnds with an occasionai

pause. The frog is sitting up in a natural
; condition.,

11.55 asm. On jumping there is slight delay in flex-

| ing the hind 1limbs after completion of jump.

The respirations are now deeper, slower and

1 very irregular, rate being 14 in 10 seconds. |

12.40 p.m. Respirations are much weaker, rate being i
12 in 10 seconds: +they are irregular. The
animal is disinclined to move but can jump

well when étimulated. Animal can still sit

|
|
|
; up in natural attitude.  Heart beats are now
|
|

at rate of 8 in 10 seconds.



1030 PeMe

2.15

Condition is same =z2s at 12.40 p.m. but

o= |

there 1s some weakness and extension of
the fore limbs,

Respirations are now very infreguent:
occasionally deep gasps are made. Frog
can still move about. The fore 1limbs are
more extended.. The reflexeslﬁtd mechanicall
stimulation are active, and the animal can
still jump well.

Frog isllying with whole ventral aspect,
head included,on the table.

Respiration hsas now ceased. The heart is
still beating regularly at the rate of 8
contractions in 10 seconds. The animal
makes straining and reteching movements with
the abdominal znd throat muscles. On
pinching toe, reflex movements occur in all
limbs and animal can make a feeblé Jump

after which there is seen marked slowness

in flexing the 1limbs, ! . The frog is

unable to turn when laid on its back =zlthouk

strong endeavours are made to do so.
Animal lies unresistingly on its back: the
heart beats zre slower and more feeble bein
now 6 in 10 seconds. General strong
reflex movemeats occur on pinching skin of
one limb. “hen laid on belly snimal can
make feeble spontaneocus movements.,

12th ¥arch/
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stimulating the sciatic nerve with an in-

17.

12th March:
Animal appesred dead , is lying quite fldccid}
No reflex movement is obtained in pinching
skin or on the strongeét electrical stimu-
lation. No cardisc impact qould bg seen on
the most careful exapination; but on ex-
posing the hesrt 1t was found to be beating
feebly at the rate of 54 in the minute.
Diastole of the ventricié is coemplete,
systole not gquite complete. The auricles
and ventricle are beating at the same rate.
The whole heart after 80 beats in one instance
and 95 in another ceased in diastole for 2
seconds and then resumed beating. The
sciatic nerve in the right leg w=s exposed.
Tﬁere was considerable oedema of the subcut-
aneous tissue and the muscles were very pale.

Very feeble movement occurred in one toe on

D

duced current, with the secondary coil at a
distance of 10 mm from the primary. No
reflex moverment occurred even when stimulation
of the sciatic nerve with the secondary coil
at zero was employesd. The muscles witl re-
spond to stimulation directly with the second+
ary coil at 120 m.m. ~ The heart was kept
moist with saline solution (657% Sodium

Chloride in water) .-
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11.30

12 noocon

3 Dellle

ll Soelll e

18.

Systole of ventricle is feeble, the ventricle
remaining dark at end of it.

Rate of heart is 36 per minute."

Heart's contrections very feeble~ auricular
contractions sre more powerful than the
ventricular, and each contraction of the
auricles is followed by a contraction of the
ventricle. Rate is now 35 per minute.
Condition is”same as at 12 noon. The frog
was kept molist by placing it on a pad of
wool sozked in saline solution.

13th March.

The heart was found motionless in diastole
though there is some mottling of the ventricl
The heart does not contract when pinched, and
on electricel stimulation with secondary coil
at 10 mm.. there is only slight dimpling
between the points of the electrodess.:

The sciatic nerve was freshly exposed in the
left leg, and on stimulation, even with the
secondary coil at zero, no contraction wes
obtained in muscles of leg or foot. The
muscles by direct stimulation respond with
secondary coil at 90 mm. distance from
primary. Blood films+= and a capillary

tubeful of blood from heart were taken.

At 4 p.m. muscles still contract to stimulation with

the /




Expert.ll. 19th March 1903. Temp of laboratory 56°F

11.35

| 11.40
|

21st March. Animal is markedly oedematous. Weight is

19-

the secondary coil at 90 mm. A cross section i
of muscle is neutral in reaction to 1litmus
paper. |
Kidneys liver and gut were much cdngested, and
kidneys and portion of liver were removed for

microscopic examination,

Frog, Male, Healthy. Welght 27 grammes.

Respiration 24 in 10 seconds. Heart beats 19 |

in 10 seconds.

Injected .4 c.c. solution of African Cobra Venom

in sterile Camphor water = .02 mg or .00073 mg
per gramme weight of frog. Animal for rest of
day showed bo symptoms.

20th March.

Animal is somewhat oedematous, weight being
now 32 grammes, respirations regular, 20 in

10 seconds. Heart beats 9 in 10 seconds:

reflexes active: can jump about,

now 40 grammes: respirations still active,
rate being 18 in 10 seconds. Heart beats
masked owing to the great oedema. Reflexes

active: jumps well,
|

123rd March. Weight is now 43 grammes. Respirations

are irregular, rate on average being 16 in 10

seconds with occasional deep respiration.

The/



S Frog, Male, Healthy. Weight 30 grammes.

The frog jumps more sluggishly: the reflexes
remain active,

_24th March. Weight is now 47 grammes. Respirations ar;

| regular in rate - 12 in 10 seconds - with a deep

gasp every 3rd or 4th respiration. Can jump

well: reflexes are active.

25th lMarch. Welght 43 gremmes. Respirations regular
in time and nature of successive events. Rate
16 in 10 seconds - otherwise as yesterday.

226th March. Animal is recovering. Weight is now 35

| grammes. Respirations regular in time and

depth, rate being 20 in 10 seconds.

é27th March. Animal quite recovered.

| ;
Expert IV, 19th March 1903. Temp. of Laboratory 56°F

i
2 p.m. Respirafiions 24 in 10 seconds. Heart beats 7
| in 10 seconds.

12.15" Injected .9 c.c. solution of Cobra Venom = .045
|

|

mg or .0015 mg to gramme weight of frog.

§20th March. Frog lively: <can jump well; reflexes

| to skin pinching are active. The animal resists
attempts to lay it on its back. ﬁespirations
are now only occasional and occur after
exertion. Heart is beating at rate of 7 in
10 seconds. Animal is slightly oedematous,

weight being 32 grammes.

fglst March/



£ o

21st

23rd. March Animal is very oedematous. Weight 45

24th

s

26th

27th

iarch Animal 1is more oedematous, weight now
being 35 grammes. Otherwise its condition

is the same .

grammes. Respirations occur only after
exXertion. Reflex movements etc aré hagl thy.
March. Weilght has increased to 47 grammes.,
Respiration has ceased. Animal 1s sluggish
but ean still jump. Reflexes are wesk. There

is no Cornezl Reflex.

March. Weight 47 grammes: animal is much more
sluggish and there is evident weakness of
fore limbs.

March. Weight 48 grammes. Animal lies unresist;
ing on its back. No reflexes are obtailnable.
Heart is beating feebly, rate 5 in 10 seconds

March. Animal dead. Welght 50 grammes - a gain

in weight of 20 grammes. There is some
rigidity of fore limbs. Heart exposed and

all chambers found in a state of diastolic

1Y)

arreste. There -is great subcutaneous:-and

intra-peritoneal oedema: fluild 1s colourless
and slightly albuminous. The gut, kidneys
and liver are much congested. Blood films
and a cepillary tubeful of blood were taken
from blood in heart. The muscles respond

to direct stimulation with secondary coll

at 60 m.m. No response is obtained on' ths
strongest stimulation of ths sciatic nerve,

Summary/




22.

SUMMARY OF GENERAL EFFECTS ON FROGS.

From the above experiments it is seen that the

first symptom of the action of the venom is an effect

'on the respiration. After a primary increase, we

lhave a steady diminution in the rate with increass in

?the depth of the individual respirations, Later on,

\there is, the rate still continuing to fall, a great

‘weakening in the depth and finally a complete

‘paralysis. When the respiration is abolished the

In all

heart is seen to be little affected, both its rate

and strength being well maintained.

the experiments motor weakness is

{well marked. This shows itself primarily in the fore |

irest on the table. During this time the reflexes

' 1imbs so that the thorax,and finally the nose come to§

‘are much diminished in activity, although in the frog:

'they are obtainable long after respiration has ceased.|

%The corneal reflex is the first to disappear. When

éthe reflexes have disappeared the animal lies in a

éflaccid condition and is incapable of spontaneous

lmovement. There is evidence of paralysis of the

fmotor nerve ends
;still capable of
tapplied directly
| be beating up to

‘motor nerve ends

while the muscles thesmselves are
contraction when stimulation is
to them. The heart is found to

the very end of life and after the

are'paralysed. In small doses =z

%marked feature of the poisoning is the great amount

of oedema that occurs.

With/



!
| - |
i |

With the larger doses this is not so marked, but it

?is still present. Post-Mortem we find great congestion
‘of the kidneys and liver. The gut is not so markedly|
lcongested. The minute appearances in these and

;otner organs will be described later on. The heart in|
éan animal killed with small doses of venom is found
iin complete diastolic arrest of all chambers: with
;large doses thé auricles are found dilated and dark

fan; the ventricie moderately pale and contracted.

iThe skeletal muscles are alkaline in reaction at
!momeht of death.

In order to study the effects of the
‘poison on the motor nerve ends the following experi- [
éments, showing the result of protecting one limb from

'the action of the poison, are instructive.

the Veﬁom.

|

. |

= |

Results of protecting a 1limb from the action of !
i

|

|

;Expert. XL, 17th March 1903. Temp of Laboratory 540F

%Frog, healthy, male,weight 20 grammes, was pithed

%brain only, at 3.0 p.m. The right sciatic nerve was |

lexposed and a ligature passed below it and tied |
itightly rbund the 1limb. Stimulation of the sciatic
énerve'induced contractions in the muscles of the leg !
éand foot, when the secondary coil was at a distance oﬁ
ElOO m.m. from the primary.

i At 3.20 p.m. when the frog had recovered from the
éshock and was able to move about, .5 mg of Cobra Venoﬁ
éwas injected under the skin of the abdomen. This
Egose/
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dose = 020 mg per gramme wt. Next morning
(18th March) the frog was found motionless and all
limps except the ligatured one were slightly rigid.

Stimulation of the sciatic nerve of the ligatured
leg produced contractions in the muscles of leg and
foot with the secondary coil zt 80 m.m. The muscles
in this, the unpoisoned leg contrsct with the second-
ary ccil at 60 me.m.

Stimulation of the sciatic nerve in the leg to
which the poison had sccess had no effect in produc-
ing contraction; even with the secondary coil gt
ZET0% The muscles in the.poiscned leg contract
feebly with secondary coil at 40 m.m.

No reflex movements were obtained, sven on
strongest stimulation of the sciatic nerve of the
poisoned 1leg, in the leg of the opposite side.

The heart was exposed and found motionless with
auricles dark and dilated and ventricle moderately

contracted.

Expert.XIII April 7th 1903. Temp of Laboratory 58OF
.Frog, male, healthy, Weight 27 grammes, was pithed -
brain only - at 4 p.m. The right sciatic nerve was
carefully exposed and a ligature passed roﬁnd the
l1imb beneath it and tied tightly round the limb.

At 4.20 p.m. .7 mg of venom was injected subcutaneously
This is equal to .026 mg per gramme weight of frog.
At 11.30 g.m. .On April 8th. Stimulation of the

sciatic/




' coil at a distance of 100 m.m. produced contractions

25.

sciatic nerve of protected limb with the secondary

in the muscles.

The muscles of the poiscned 1imb do not respond t«

| to stimulation of the sciatic nerve even with the

| secondary at zero. The muscles of the protected

| the poisoned leg.

|
|
]

1imb respond to direct stimulation with the secondaryé

coil at 100 m.m. The muscles of the non-protected

limb respond at 60 m.m. No reflex movement is obtained

in protected limb on stimulating the sciatic nerve of!

No movement is obtained in either 1limb on |

stimulating a cut section of the cord.

From the

|
|
Effect of the venom on the motor nerve ends. ‘
|
|

above experinents we see that the

muscles are little affected while the nervous

mechanism 1s paralysed. In order to define more ‘

| accurately the exact sphere of action of the poison !

| the following experiments were made. A nerve muscle

preparation was made consisting of the isolated

gastrocaemius

| Sciatic nerve

| or the nerve,

laction of the

muscle with as long a length of the

|
|
attached to it as possible. The muscle |

: : i
according as one wished to test fhe

venom onn the nerve or on the nerve ends,

was immerséd in a solution of the venom in normal

saline (.85% Sodium Chloride in water). The method |

employed was to place a solution of the venom in a

watch/



| distance of the secondary coil from the primary.

26'

watch glass over the edge of which was placed a
microscope slide on which was placed a strip of
filter paper which was kept moist with normal saline

solution. Another strip of filter paper similarly

moistened was in the intervals between stimulation
placed over the nerve or muscle as the case might be.|
Before immersion of the nerve or muscle in the venom
the minimal stimulation of the nerve and muscle, |
necessary to obtain a contraction was determined.
Single opening shocks from an induction coil were

employed and the figures represent the millimetres'

ELxperiment XIV. April 8th 1903 Temp of Laboratory

58°m,

Nerve muscle preparation as above.

Before lmmersion of muscle in Solution of Cobra
Venom in normal saline, of a strength of 1 in 50,000J

the muscle responded to direct stimulation with the i

secondary coil at 120 m.m. distance from the primary.
The nerve on stimulation induced contraction in the

muscle with the secondary at 200 m.m. the time being?
|

310 pem. The results of the various stimulations

! [
of the nerve and muscle are given in the table below.
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Time Muscle (in solution of Venom) | Nerve (in Salinp)

550 110 mm. distance of secondary coll| 225 mm. distance of Secondary coil
«40 RS " 4 4 " 240 " i o 3 i
<50 95 L o i Y E 220N 3 3 & Y

4.0 {90 t i £ el onm. " I " "
.10 85 it ! B = [Freg g " i "
.20 Be J 0 u e B i ’f
.30 75 J: L i i u 146 it : L 2 i
.40 75 i it i 4 It SloEsy it s 3 Y
+50 75 i 4 it Y 4 GOl Sy emiliaeda

5.0 70 2 : 4 & 4 0 no contraction of muscle

5.10 o= " i ! t == i I

Experinment XV. April 9th 1903. Temp. of Laboratory
590R

Nerve muscle preparation as before. In this
experiment the nerve was immersed in the solution

of Cobra Venom (strenzth 1 in 50.000) and the

muscle was kept moist with normal solution.

Before/




Before Immersion of Nerve

After Immersion of Nerve

11.40 z.m.
11555
12.10 pe.m.
20
<40

«55

Nerve
260 mme.
260

250

I 250

| 240

| 255

260

Muscle
120 mm.
120
120
115
112

115

105
105
108
105
105
100

100
100

was/

was kept moist with saline solution.

A nerve muscle preparation was made as before.

Before

Experiment XVI. April 10th 1903. Temp. of Laboratory 5

The

muscle was immersed in a solution of Venom in normal

saline of a strength of 1 in 100.000 and the nerve

immersion of the muscle in the solution of Venom the

minimal stimulation necessary to induce contraction
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was determined. Un direct stimulation of the muscle
this was found to be 100 mm. The minimal stimu-
lation of the nerve that induced contraction in the
muscle was found to be that in which the secondary

coll was 330 mm. distant from the primary.

in Venom)

Time IEN'erve (in normal saline) | Muscle (
: Before . 2
12.15 pelejeorcionl 330 mm. Contraction of 100 mm,
R muscle
12.30 gl 355 100
lmmersion
.45 350 95
T _ | 350 . 90
.15 290 - _ 90
.30 | 260 90
.45 | 260 - 85
2 | 260 85
.10 245 85
.20 : | 240 80
.30 : o35 © 80
.40 | 235
.50 200
3. : 190 80
.10 140
.20 J 90
.30 ' 75 80
.40 | 50 75
: : i
.50 | 0 no contraction 70
4.0 —pem- Qe L 70

From the above table we see that after the muscle
had/
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had been immersed in the solution of venom for 3
hours and 25 minutes, stimulation of the sciatic
nerve, even with the secondary colil gt zZero, failed
to induce the slightest movemént. The motor nerve
ends therefore had become paralysed. In contrast to
this,the results of ' 1= experiment XV where the nerve
was exposed to the action of the Venom and the muscle
kept moist in saline sclution,we see that there is not
more of a diminution in the excitability of the nerve
or muscle than can be accounted for by the conditions
under which they =zre placed. The two experiments
XIV and XVI are also interesting in that they indicate

that before the paralysis of the motor nerve ends ther

(o)

durling which their excitability is in-

{

()]

1o

s ST R o

D

creased, since = weaker stimulation of the nerve than
was necessary before the muscle was immersed in the
venom 1s able to induce contractiocn in the muscle.

This is well seen in the followdng experimend.

Experiment /
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Experiment XVII April 11th 1903. Temp of Laboratory 60°F
Strength of solution of Venom 1 in 50,000.
'-Ti;e == "f %  Nerve in Saline Muscle in Venorr. :
ks 11. a.m¢igszgz?0n = 2285 mﬁi i = Secy coil 130 mm.
11.10 do. 225 130
After
EAS) immersion 225 128
<30 230
.40 230
.50 235
12 noon 250 125
S 260
.20 240
- 30 235 125
.40 200 |
-850 190
o 180 120
el 180
.20 150
30 140 100
<40 100
.50 80
2. 30 Sec® coil 2t80 mm.contractim
.10 SecY coil at0 no contraction 76
«20 (3] 715
———— = =
Effect/
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Effect on the Reflex Function of the Spinal Cord.

| A marked feature in the action of African Cobra

%Venom is the ultimate loss of the reflexes. The
Efollowing experiment shows the gradual lengthening of

jtime that occurred before the animal responded to

'stimulation.

| The experiment consisted in suspending a frog, of
‘which the brain had been pithed, by means of a hook

‘'through its lower jaw. Stimulation was applied by
émeans of a solution of Sulphuric acid of a strength

of 1 in 1000. A foot was immersed at intervals of 5

‘minutes, care being taken that the same extent of

!
'skin was 1n contact with the acid on each stimulation;

!
land the number of seconds that elapsed before the foot

was withdrawn from the acid was noted.

Experiment XVIII April 12th 1903 Temperature of |
|Laboratory 58 F. Frog, male, healthy, weight 18
grammes, was pithed, brain only, at 2 p.m. The reflex

t ime was‘determined in the above noted method.

Time | Sec$ elapsing before withdrawal of foot Remarks.
2.30 Right leg 3" Left leg 3"
«35 " t 3N _ " & 3"
+36 4 " = . f . - Injection of .5 mg.
Venom subcuteneously.
. 40 " 1] 3 " " " 5 " i
<45 " 1" Z 1 tt " o ;
-50 e o4
R 1 " 4an t " 4" | 2
+5 " 1 an 1" " ‘4!! !




Expert. XVIII contd

Time  SecY clapsing before withdrawal of Ffoot Remarks.
.10 Right Teg 5" Left Log &Y
‘15 1" 1t 6|l " i 6!’!
.20 i} 1" 10" " £} 11-'!!
.‘,} n 1 15)” ] 1" 10” }i{ O'V'e]"le‘flt i-.q lr ft lpg
S on stimulating Right,
a2t 7 seconds.
5.30 " " ]_ln n i 19!1
.35 1" 1" 15" " 1t '}__rz\r'ri
.45 " 11 14_" 1n 1"t 1611'
4, 0 it : n 20" " " 17"
.15 i SN L 4o At 20 sec$ atfempts: :
no success wifthin 60 secs.,
.30 A 4 - Y " - At 17" in casg of R.lLeg
and at 20" in|case of L.
leg attempts gt removal
of foot, but no success
within 60" =

From this experiment we see that within two hours thex
is an almost complete abolition of reflex Ffunction.
This method of experiment is however not very suitable
since the venom has, as has been shown, the power of
paralysing the terminations of the motor nerves, and
hence the insbility to withdraw the foot might be due
to this factor. That thils is not so we have other
evidence to adduce in the shape of the results
obtained in Experiments XII and XIII. In these we
find ‘that stimulation of the sciatic nerve in the

poisoned leg fails to induce movement in the seme leg

protected from the action of the poison. Now

experiment/

ol
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experiment XV shows that the nerve trunk is practical-
ly unaffected by being immersed. in a sclution of
venom; and therefore the reflex arc must be
interrupted somewhere in the spinal cord. In
experiment XIII it is noted, as was also found in
other experiments of a similar nature, that stimula-
tion of the spinal cord induced no movement in either

pelvic extremity, : not even in the 1imb where the

motor nerve ends were protected.

This points to the poison having affected thse
motor cells in the anterior cornua of the cord, so
tnat they ars no lenger able to transmit impulses
along the nerve and so induce a contraction of the
muscle,

Evidence in support of this is obtained from ths
microscoplc appearance of these cells. They are
shrunken and the nucleus is smaller then that in
healthy cells and 1is moreover vacuolated. This
change is described by Clouston in his work Mental
Diseases as occurring in dezenerated cells.

e I Ve

S

S(Rige ¥ T pat

{

Experiments to show that the Nervous Phenomena are

not due to changes in the Circulation.

Although it has been noted that the heart con-
tinues to beat up to the moment of death yet the

possibility/
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possibility has to be entertained that its con-

tractions are not powerful enough to drive the blood
through the capillaries,and that the nervous changes
are dependent on a failure of the circulation. That
this 1is not so is proved by the following experiments.

Experiment XIX,

April 14th 1903. Temperature of Laboratory B60°F
Frog, male, healthy, weight 16 grammes. The
respirations were 22 in 10 seconds and the heart beats
9 in 10 seconds. At 12.30 p.me. 5 mg. of African
Cobra Venom was injected under the skin of the back =
-031 mg. per gramme weight. At 2 p.m. one and a
half hours after injection, the respirations were

o

gasping and occasional and the ref

lexes were very

|_|;

eeble and much delayed. At B p.me, two zand a“half
hours after injection, respiration had ceased: +the
corneal reflex could not be obtained =2nd exceedingly
feeble reflex movements occurred on strongly pinching
a limb. The heart was seen to be beating strongly
and regularly at the rate of 9 contractions in 10
secondss The web of a foot was spread out and
examined under the microscope, when the circulaticn
was seen to be vigorous.

At 5.30 p.m., five hours after injection, no
reflexes could be obtsined: examination of the web
showed the circulation to be active. The sciatic

nerve was exposed and on stimulation with the second-

ary/




secondary ccll at a distance of 40 millimetres from
the primsry,contractions ensued in the muscles of the

le

g

and foot. No reflex movement occurred with this
or stronger degrees of stimulation.

At 8.30 p.m. the motor nerve ends were still
active, although it now required s much stronger
stimulation to induce contraction in the muscles:
the seccndary coil being at a distance of 20 mm. from
the primary.

Next day 15th April at 10 a.m. the motor nerve
ends were found to be paralysed,yet the circulation
in the web was present althouczh not so active as at

8.30 p.m. on the 14th of April.

Time Relation between paralysis of Reflexes and

paralysis of lMotor Nerve ends.

The above experiment, Wﬁile it shows that the
circulation is carried on after paralysis of the
respiration, of the reflexes, and of the motor nerve
ends, is alsc interesting in that it shows that the
motor nerve ends retain their power for a considerable
period after the reflexes are paralysed. The dose
which the frog received was large and was calculated
to kill within 20 hours. The same thing is observed fin
the experiment detailed below where a dose equal to

.015 mg. per gramme weight was given.

Experiment XX

April 18th 1903. Temperaturs of Laboratory 60° F

Frog/
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Frog, male, healthy, weight 34 grammes, received
subcutaneously .5 mg. Cobra Venom = .015 mZ. per
gramme weight at 4 p.m.

At 6 p.m. the respirations were only occasional
On April 17th at 10 a.m. feeble reflex movements
could be obtained on stimulation. The heart was
beating regularly at the réte of 8 in 10 seconds.
The respiration had ceased and the circulation in the
web was active,

At 2 p.m. no reflexes could be obtained. The
sciatic nerve was exposaed and on stimulation of it
with the secondary coil at 80 mm. distance from the
primary contractions occurred in the musclses of the
leg and foot.

At 4 p.m. the motor nerve ends were still active

The heart's rate was now 6 in 10 seconds. Circulatior

in ths web was active. The muscles respond to
direct stimulation with the secondary coil at 100 mm.

At 6 p.m. Stimulation of the sciatic with the
secondary coil at 50 mm. calls forth contraction in
the musclies, The circulation in the web is still
golng on.

On April 18th at 10 a.m., (the frog having been

kept moist on a pad of wool soaked in normal saline
soltition over night), the motor nerve ends were found
to be paralysed but the muscles still reacted to

direct /

1
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direct stimulation with the secondary coil at 100 mm.
At 2 p.m. the muscles still contract on direct
stimulation with the secondary coil at a distance of

90 mm. from the primary.

In the following experiment a very small dose of
Cobra Venom was administered.

Experiment XXI.

April 17th 1903. Temperature of Laboratory 59° F
A frog, male, healthy, received at 3.30 p.ms <04 mg.
of Cobfa Venom subcutaneously. This dose is equal
to 002 mg. per gramme weight of frog.

On April 18th The corneal refllex could not be

obtained: the other reflsxes were preseant but fesble
and much delayed. Respiration had ceased. The
clrculation in the web was active.

On April 19th and 20th reflexes were still obtainable

and the circulation in the web remained very active.

On April 21st. The reflexes were exceedingly weak

at 10 a.m. 2nd none could be elicited at 12 noon
when the circulation in the web was active. The
right sciatic nerve was exposed and on:stimulation
with a strong induced current - secondary coil at

10 mm. - a feeble twitch was obtained in the toes.

No reflex movements were elicited with this or stronger

degrees of stimulation. The same phenomena wWere
obtained on stimulating the left sciatic nerve.

Further/
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Further stimulation at intervals of five minutes
failed to induce movement in the muscles of the leg
or foot even with the secondary coil at gzero. The
muscles by direct stimulation contrsct to much
weaker stimulation - secondary coil =t 90 mm.

This points to a practically simultaneous loss of

the reflexes and of the motor nerve end activity with
a small dose of Cobrg Venom. Contrast a large.dose
where the reflexes are paralysed early and the motor
nerve ends retain their acéivity for a considerably

longer period of time.

Experiments to show that the Nervous Phenomena are

not due to changes in the blood.

Cunningham, in the Scientific Memoirs of the
Medical Officers of India pts«a IX and XI, puts
forward the theory that the symptoms of Cobra
poisoning are due to changes in the blood . Such
changes are in the direction of lessening or abclish-
ing the respiratory capacity of the blood, according
to Cunningham, who holds that the nervous symptoms
are secondary in nature. That Cobra Venom has a
marked effect on the blood cells is undoubted but I
have not been able to find any change in the blood at
the time that the other symptoms of Cobra-poisoning
manifest themselves. It is convenient at this
point to consider the changes that are found in the

G

blood/
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blood of a frog that has been killed by Cobra venom.
Films and also capillary tubes of blood were taken
from the blood of the heart in all the frogs which
died during the estimatioan of the minimal lethal
dose., The films and caplllary tubes were prepared
immediately upon the death of the animal.

The serum which separates from the blood of a
frog killed by cobra venom is found to be stained
with haemoglobin, 1in other words haemolysis has
taken place. Confrel tubhes fromn healthy frogs show
that the serum is guite colourless or only slightly
tinged with yellow: there is no trace of: laking.

The changes in the éiements of the blood éfe

E7re)

i which are
'_-.,./‘

well ssen in Figs 2 and 3 page
drawings of actual fields of microscopic preparations
of healthy blood and of the blood of a frog killed by
venom., The films were allowed to dry in air and
were stained in Jenner's stain for four minutes.
(This stain is 2 combination stain of Hsematin and
eosin). The films were thean wsshed in distilled

water for the ssme length of time, dried, and

mounted in Xylol balsam.

In order to study the change in the blood - if
any)that occur during the progress of Cobra poisoning

the following experiments were psrformed.

Experiments 22, 23, 24, 25, 26 and 27.

of/
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Of these experiments the first three were
performed on 18th May 1903. Temperature of
Laboratory 64°F . Three frogs, male, healthy.
Each weighing 23 'grammes. Two A and B subcutaneousljy
at 2 pem. &5 mg. Venom = .02 mg per‘gramme weight

of frog.

Experiment XXII. |Experiment XXIII Experiment XXIV.

FROG A. ROG B. FROG C.
Respiration was Respirztion para- |Received injectipn
paralysed at & lysed 4.50 p.m. at 4 p.m. of .02
p.m., i.e. three [Reflexes paralys- |mg.granme weight|
hours after in- ed 8 p.m.at'which |at 8 p.m. respirp-
jection. time contractions | tion had ceased.
Blood films and ”are obtained in The reflexes were

s capillary tube-|muscles on stimu- |then active. On
ful of blood werel| lating the sciatic|19th at 10 a.m.

foken. The civon. with secondary the reflexes and
lation in the web|C0il at 90 mm. the motorsuorvc :
Rlood Tilms were ends were paralysed.

taken. The circu- |Circulation in web
lation in the web [Was still going |

et on at 10 a.m.
W e Blood films and
capillary tube-
ful of blood

were taken.

was very active.

Experiments XXV, XXVI, XXVII performed on June 22nd

1903 were similar in nature except that the dose was
larger being equal to .03 mg. per gramme weight.

The examination of the films and capillary tubes
show that the poison must act on the nervoué system
primarily. In no case was the serum which separated
in the capillary tubes stained with haemoglobin.

The films 'showsd i a leucocytosis, but histologically, >

the/
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the cell elements were not altered and chemically
they exhibited the same reaction to Jenner's stain
that healthy frog's blood does.

Haemolytic Action of African Cobra Venom on

Frog's blood in vitro.

Since, a8 hag been already noted, the serum,
which separates from the blood taken at death from
a frog killed with African Cobra Venom, is stained
with haemoglobin - an indication that haemolysis hsas
occurred: and since the appearance of = blood film
taken at & similar time supports this: it seemesd
desirable to test the haemolytic action of the venom
on Frog's bloed in vitré.

A 5% suspension of defibringtéd frog's blood
was made by adding 1 cc of the blood to 19 cc of-3%
Saline Solution. This strength of saline was

emplcoyed since Stephens znd Myers: in the Journal of

Pathology 1898 showed that this strength is isotonic

table: no haemolysis was obtained when unwashed
corpuscles were employed. The strength of the

solution of venom was 1 in 500.

Experiment XXVIII,

for frog's blood. As will be seen from the followin

(]2

5% suspension frog's blood | Cobra Venom Result.
| in 3% Saline:Unwashed. L 1 in 500
1cacs ? 1 ¢.c. |No haemolysi
! [aSh 1
=G5 s | .7§ * |
105 e Flai e " 4
1 -c.ic ' 2ot # :
]. C.C : 1 " . " i
Control 1 c.c. + lcc Saline Q=i ==t Y

=

»]
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Since the frog is a cold blooded animesl the tubes
containing the above gusntities were not incubated
but:were kept at a temperature of 50° m. No
haemolysis occurred within 24 hours

In the table below, washed corpuscles freed from

their serum by repeated centrifuging were employed.

The tubes were allowed to stand for 24 hours.

5% suspension frog blood
corpuscles in .3% saline Cobra Venom
washed free from serum. 1 - 500 Result.
1= cwcCe i=sce Complete Hazemolysis
1 " ; .75 1t 1" "
1 1" 3 5 1" 1 "
et a2t Not quite copplete
Hoemolysise.
P e B Slight Haemolysis.
Control 1 " - lcec.3% saline 0 . No Haemolysif.

Action of the Venom on Muscle.

Although it is found that the muscles respond to
stimulation when the whole nervous system 1s paralysed
and that they are alkalline in reaction at death, FTaects
which point to the venom having little effect on the
muscle, experiments were performed to furnish graphic
records of the contractions in poisoned muscles.

Since the motor nerve ends are paralysed by the

venom, arrangements were made to stimulate the muscle

{1

directly. These were made as follows. The isolated
gastroenemius muscle of a frog was suspendsd in a

glass/
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glass cylinder closed at its lower end by = cork
through which pzssed a fine copper wire one end of
which was passed through the muscle and the other
end was connected to one of the terminalé of an
induction coil. The upper end of the glass cylinder
was left open. A copper hook was passed through the
muscle at its upper end and connected with the other
terminsl of the induction coll and the upper end of
the muscle was attached to a lever so that the
contraction could be recorded on a smoked revolving
cylinder.

Experiment XXX.

April 29th 1903. Temperature of Laboratory 60°F

The gastrocnemius muscle was isolated and
connected as above described. The cylinder was
filled with normal saline solution (.85%)at 12.55 p.m.
A muscle twitgh was recorded at 1 p.m. At 1.5 p.m.
.05 mg. of Cobra Venom was sdded to the Saline and
records of the contractions taken at intervals there-
after. Break shocks with the secondary coil at a
distance Qf 100 mm. from the primary, were employed.
The cylinder contained 4.5 cc. and the strength of
the solution of venom was therefore 1 in 9,000.

The results are shown in Figure 4 page (—zﬁj

An examination of the tracing shows that beyond
an impaired asmplitude in the contraction, a slowness
in contraction, and a slowness in the relaxation of

the /




the muscle, there 1is very little effect. Indeecd
these changes can be very well explained by the
Cobra Venom inducing an earlier onset of the
phenomena observed in fatigue of a healthy muscle.
That a muscle which has been exposed to the
influence of Cobra Venom is more regdily fatizued
than a healthy muscle is seen in the following®
experiment. No fibrillery twitches occurred in any

of the muscles experimented upon.

Experiment XXXI.

fay 4th 1903. Temperature of Laboratory 62 OF
At 6 p.m. 2 healthy male frog weighing 18 grammes
received .4 mg. African Cobra Venom subcutaneously,
after the right thigh, excluding the sciatic nerve,
had been ligatured.
At 10 a.m. on May 5th the motor nerve ends were
pafalysed in the non protected limb. Curves - on
a fastly rgvp}ying cylinder-were taken of the pro-
tected angipE;?protected gastrocnemius. The
muscles were stimulated directly and the ssodngary
coil was at a distance of 100 mm. from the primary.
See Fig. 5 page (/V).
Tracing I 1s ‘that of the protected muscle.

Tracing II is that of the poisoned muscle.

Experiment XXXII.

In order to study the incidence of fatigue,

curves/
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curves were taken of the protected gastrocnemius and
of the poisoned gastrocnemius. It was found that on
stimulating these muscles directly with single break
shocks at intervals of 5 seconds: the strength of
the current being that obtained with the secondary
coil at a distance of 70 mm from ﬁhe primary:
fatigue came on much more quickly in the poisoned
muscle than in the non-poisoned. Contrsctions were
obtained in the first case ( non poisoned muscle)
up to 16 minutes from the commencement of the
stimulation, while in the case of the poisoned muscle
no contractions occurred after 7 minutes. The
individual contractions in this latter case show
great veriation, the muscle occasionally not
respondiné to stimulation and at other times only
a weak response being obtained.

Typical portions of the Ffatigue curve obtained

from the poisoned muscle are seen in Rigs 6 and 7

Action of African Cobra Venom on the Blood Vessels.

In order to investigate the action of Cobra

&Sy

venom on the blood vessels, svlutions of the venom of

L1

various strengths were perfused through the blood

g of a froz. The fros

o =]

[

vesse was pithed so that
both the brain and spinal cord were destroyed: the

heart was exposed and a glass cannula was 1inserted
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into one aorta and securely tied there: the other

aorta was ligatured and an opening was made in the

sinus venosus to allow of the escape of the fluid afte

it had zirculated through the capillaries. An
opening was also made in the loin of the frog, which

rested on a grooved zinc plate down which the fluid

)

ran, to be collected in gradusted measures. The

]

cannula in the aorta was connected by means of bent
glass tubes with beakers in which were inverted
flasks. The beakers and flasks contained the
solutions experimented with, and the fluid was kept
at the same atmospheric level in each beaker and at
a distance of 63 inches above the level of the aorta
of the frog.

In all the experiments, before the solution bf
venom was allowed to flow through the vessels, normal
saline solution - prepared by dissolving sodium
chloride in distilled water, the strength being .65%,
was allowed to flow in order to wash out all the
blood, and to establish a normal reading.

Contraction of the vessels is indicated by a
diminution in the amount of fluid which flows through
the vessels. The amount flowing in each successive

minute was nocted.

Experiment XXXIIL.

April 21st 1903. Temperature of Laboratory 60CF

Frog/
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The blood vessels were perfused at 2.35 p.m.

Frog, male, healthy, weight 22 grammes was pithed at
Both brain and cord were completely destroyed.

The

‘strength of the solution of venom was 1 in 20.000

parts of Saline (.65%).
Mins.No of cc. ﬁinS.No of cc.| Mins.No of gc.imins.No of cc.|Mins.No of cc.
: per min = e
Saline again
perfused.
1 ) o8 1453 55 .8 82 .35 109 .2
| 2 2 9 1.2 6 .6 3 .35 110 )
- 3 1549 20 1.2 7 .6 4 4 1 )
4 2 1 1.2 8 .7 5 .3 ) .25
5 2 2 101 9 07 6 -4 3 025
é& 6 2 3 1.2 60 .6 7 3 4 .2
i 7 129 4 1.2 1 .5 8 .35 5 .2
8 2 5 15,0 ) .5 9 4 6 )
L,& g5 6 55 3 .5 920 .35 v .2
fiiisio - ¢ Dy 4 = 1 .3 118 .0
1 1.9 8 1.2 5 .5 o .3
D - o 40 -~ 1l 7 -5 4 .3
EaEa o 1 Tl 8 4 5 .3
=i Solution of _
{ .venom perfused| 2 s 9 -4 6 -3
/A o 70 .5 7 .35
| S e 1 .4 8 .3
7
] 5 i 5 5 24 2 4 =9 «3
,_1\ . 1‘ I 6 .8 3 4 100 .25
- - '6
| £ o I25
20 1.4 el 2 = . | -
1 1.5 | 8 09 5 ¢5 I 2 025
)\ ; 8 6 .4 3 3
Igﬁ‘_. i 9 ®
< = | 50 .8 7 .4 (=" o3
' 3 1.3 1 .8 8 .35 5 .95
4 1.3 o .8 9 .35 6 .25
P s 3 7 80 .35 7 .2 I
6 =2 a .7 1 T 8 .2
27 1.2 |




There was considerable oedema produced, the
frog weighed 40 grammes at the end of the experiment
having gainsd 8 grammes.

From this experiment we see that Cobra Venom
in a strength of 1 in 20,000 has a powerful effect
in the direction of diminishing the calibre of the
vessels.

After the solution of venom has flowed through
the vessels for 29 minutes we find that the flow has
diminished from 2 cc per minute to 1 c.c. per minute
a diminution of one half. After 50 minutes the
flow is .5 ce. or one guarter of the amount that
flows whea normal saline is being perfused. At
108 minutes saline solution was turned on and failed
to bring back the vessels to the condition they were

in prior to the perfusion of the solution of Venom.

ﬁxperiment_XXXIV.

. April 23rd. 1903. Temperature of Laboratory 620%
BProg, male, healthy, weight 22 grammes, pithed brain
and cord at 2 p.m. Perfusion was started at 2.30
p.me and in this case the sclution of venom was of

the strength of 1 in 40.000,
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_ Min. No of CC.jiin. CC. Min. CC. [Min. CC.|Min. CC.|Min. CC.|Min. CC.
Salline Venom
turned
Ont

1 2.8 L1755 21 2.7 32+ 0| 41 136|151 1u6| 61 Ts5
) 2.8 12 3,225 onzilize 2.3 4o g.86l-52 a.7|l 62" 2.5
3 3 13 3.1| 23 2.7| B3 2.1l 43 1.7 55 1.7l 65 1.5
T Bk e 5.l R4 2.6 84 1.8 42 1.7| 54 1.7| 64 1.4
5 2.2 15 B.05| 25 2.7l 35 1.9 45- 1.9 s5" 1.6l 65 ~1.5
6 Bl 16 2.9| 26 2.7| 36 1.8] 26 1.6|| 55 66 1.4
7 3ol = s dp g Giear oarl =7 ool 4y 1.9 by 67 1.4
3 D 18 3 28 2.6l 38 1.9| 48 1.7| 58 68 1.4
9 Bel 19. 2.8 29 2.5 39 1.9|°49 1.7 59 1.5 69 1.4
10 3.1 20- 2.8 30 2.1l 20- 1.8 50 1.6/ 60 2.6l 7o 13

Oedema was again marked the gain in weight

amounting to 9 grammes.

e strength of- 1 in 40.000 is capable of markedly
constrieting the frog's blood vessels.

Further experiments were performed in order to
find at which streﬁgth the venom loses this power

of contracting the frog's blood vessels.

Experiment XXXV.

May 12th 1903. Temperature of Laboratory 640F
A frog, msle, healthy weight 20 grammes was pithed,
both brain and spinal cord being destroyed at 1.30
Pem. A solution of Cobra Venom of a strength of 1
in 100,000 was perfused through the vessels at 2.10

P-HI-

From this experiment we seec that venom even in:
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Miin. |No. of OC.|Min. CG.|Min. GO.|Min. G@.|Min. GC.|uin. 0C.

Salline.
11 1.4 | 20 1.5| 39 1.4] 58 1.2| 77 1.4] 96 1.5
2 1.5 {1 1.5| 40 1.4) 79 1.20 8 1i5| 7 1.4
3 155 | 5 1Al 60 1.3 =904l 8 143
4 1.6 S aaE v S ne e S e S 5k
5 1.6 AR S GRS B e s e = e S ] s R R
6 156 G b e s e s e e e
7 1.5 6 1.4 5 1.4 4 1.3 3 1.4| 2 1.6
8 1.5 e S LS g SEl e ey SR S P S e e
9 15 S5 e =GR B BTSN B e e IO U el T
10 1.6 o 1sl 8 1.3 7 15 6 1.4 5 i
1 56 } B0 =ledl==0=5 8 1.3 7 1.2 6 1.
2 T.5 e 1.3' 50° 1.7l 9 .=l B8 1.5 7 1.6
Venpm turned |
3 1.6 90 || 2 1.4 1 .00 70 a4 9 1.3 & 1.6
4 1.5 i 5 14l o7 Tl s a0k
5 1.4 2 1.4 3 1.3 2 1.3] 1 1.4li10 1.6
6 1.5 Geslial 4a Al Eheaale el g il e
7 It e by BB S S el e R S| SRR
8 1.5 A e e B ey S S B e ) E S L R
9 1.6 G -lsl e s rasli e = 1Bl e s A g

The frog weighed after this experiment 26 grammes,

so that the gain in weight was 6 grammes. Here we

find that the contraction of the vessels though it

still occurs is not marked, the fall in the number

of cubic centimetres that flow in one minute being

only/




only from an average of 1.55 C«Cw to 1.2-0.0.

As a control the following experiment was
performed. The saline solution employed was
prepared by dissolviag pure Sodium Chloride in
distilled water and the effects of such a sdlﬁtion

on the vessels of g frog were tested.

Experiment XXXVIi.

June 17th 1903. Temperature of Laboratory 65° F

The brain and cord of a healthy male frog
weighing 24 grammes were destroyed at 2.10 p.m.
Perfusion of the above saline solution .65% :Sodium
Chloride in distilled water, a solution of the same
composition as had been used in all the experiments,
was commenced at 2.40 p.m.

From the subjoinsd teble we see that this
Saline Solution has,after it has perfused the vessels
for some minutes,an effect in the difection of
causing dilatation. Since the Cobra Venom was
dissolved in a solution of this strength it cannot
be doubted that in suffilciently concentrated solution
it causes contraction of the frog's blood w¥essels
since it can overcome this dilatative effect of the
saline and impose upon it a further contracting
effect.

In the three tables which follow, the Ffirst
shows the effect of .65% Saline: the second the

effect /
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effect of 2 solution of Cobra Venom in .65% Saline

of a strength of 1 in 300, 000., whénr we see that
there 1s practically no alteration in the rate of
flow, and the third shows thast with & strength of 1
in 1,000,000 ( one-in a million) the dilatative

effect of the saline becomes evident.

Experiment XXXVI. Effect of "Normal Saline" d.e.

.65% Sodium Chloride in distilled water (for data

see above).

Min.| 0C.|Min. CC.|Min. CC.|lin. CC.|lin. CC.|¥in. GC.|rin. |oC
1 .4 |19 1.8 37 1.9] 55 2 | 73 2 | 91 2.if100 [2.2
5 = i 20 1.5 8 1.9| 6 2. 2 1.9 2 2.1|120 [2.2
Bl o3 ﬁ 1 1.5{ G- =1 s0ln S GIEEigten et Sann S
4 .3 | 2 i.6f 40 1.8l Boime gl da s o oS
s 15| 3 1.5 1 2 o 1.9lEm 2.8 =5, oalres o
6 3 | 4 16 55 60 1.0 0 L9l 6 c.o) 4 |25
A s e E g S T R P22l 5 o4
8 l.s k& 1.6 4 2 2 1880 2 8 2 6 .o
gEElicsaloss tol T5 g | Zoalso| o a0l ons 7 .2

10 1.5 | 8 1.8 6 20| 4 1,90 2 1.9)100 2.1} B 2.5
T [id 9 Is6l 72 1.0l =3 2 | it i s
s e e 6 @ 4 2 2 2
SEaled |- T 1.l = 7 2 5 2 3 9o
4 §.5 |2 1.8{50 2.1] 8 1.9 & 3 4 2
G 6 s T8Il 1 > G0 1.9 7 o.T -5 g
& st A TEleo- il ro 1.9 s oar| 6 st
7itle e ogilew Spool o1 9 2 7 2.1
8 [.5 8 1Bl o= g gl 2 90- 2 B 5.2
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Weight of frog after experiment 28 grammes: gainn
in weight by ocedema 4 grammes.

The dilatative effect is evident in 30 minutes
and is well marked at 41 minutes, and continues so
for the rest of the two hours during which observa-

tionswwere taken.

Experiment XXXVII,

Effect of a solution of Cobra Venom in .65%

saline solution of = strength of 1 in 300, 000

June 19th 1903. Temperature of Laboratory 66°F

e =

A frog, male, healthy, was pithed, the brain and

cord belng destroyed at 1.30 p.ms: perfusion of the

above solution of venom was begun at 2 p.m.

Weight of frog 25 grammes.

Min. 6f.|Min. CC.[Min. CC.[Min. C@.|[Min. CC.|Min. CC. [Min. od. |
Saliné i f ?
L ILe 00 1 olten s ieEs o onlE7a oall o Eend T8 02y
5'3 1-8 20 l.q 8 1-9 6 2 4 rga.'j.‘. :? 1-9 110. 2

Sallne
3 HETse = R e o R 75 Eoio e e
4 TR ol ag o 2 6 2 A=l a=E T,
5 L oiEEime=o e ) ik R B o S i )
6 108 4 109 2 2' 60 ].- 8 =y G loq 4: 1-
74 MeHESEE g R gl = =t R e e S
3 IF < S O e e (SR I B 80 2 o e e
9 Legl=p= T 8l =50 ) 5= g -2 Feo

10 1,9 8 1.9 6 2 disen 2=o 160 2 8 2
1 flR=0-o (S SR e R e T [ A IS B

urned Ol | :

2 1L9! %0 9 8 2 65 =1 el et O N (g el
i) jE=—=0 g-=io e Ll [ e B o) i e

4 1L o =5 50 2 P e e S P e )

5 TRe= = Tl e g = g s 5 g

==t 4 g0 gl s’ o g 23] 6 29

) SNE| = Baaiae == g ool

8 o 6 2 470 Se=o Al —o0Es ool =8 =)
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Galn in weight by oedema was 6 grammes.  In the

above tahle we see that the rate of flow is practical-

ly unaltered and therefore in a strength of 1 in

300, 000 Cobra Venom is_only ebite to just counteract

the dilatative effect of .65% Saline Solution.

Experiment XXXVIII.

This experiment shows that in

a strength of one

in a-million (1 in 1.000.000) cobra venom has practi-

cally no action and the dilatative effect of the .65%

Saline Solution becomes manifest,

The brain and cord of a healthy male frog were

destroyed at 2.30

p.m. on June 20th. The temperature

of Laboratory was 680F. Perfusion was commenced at

3 pem« Weight of frog 22 grammes.

Min. GC.|lin. 0C.|Min. CC.|Min. CC.|Min. CG.| Hin. GC.
Saline

1 ol 21 1an|ianl | el a4l 81 1.6l o1 1.6
2 el == PRl e | e R B S EE e S
3 B B e S RE s e s e s ek e
4= e B | S SR [ e e
5 e e = e B e B B e T
Bl B2l 6 1.2l =8 15| =6 1.6l tm1s
7 3 e S i e S T [ S R e S S e
gl SRR B s CElaR e e e S
9 H| SE T RS e e S B s e e e S
o= —=F B0- 124850 1.5 70 .7 |l 90 ‘T bI10 =156
g g | e e e - | S B G [ e e
S e e ) e R S A B G S
Bl 1 B L5l -5 ledl B dd6(er 8 =1 3

4 Fla-rT.El A a4 el 4 Tl 4

e S TP R Tl DS | R T e e S ==
Rl e res ol S [ v (R R || DT s B =) R

e BT R e e e (B SR ol e S L

8 =giEaadie g g IR e naima e g SRS g = gl 8

s e | Poties ne ik B oRien B (SRS B IS4 | et R IR0 -1 FREE o

20 1.1)40 1.3|60 1.5)80 1.6/100 1.5/120
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Weight of frog after experiment —28 grammes !the
oedema caused therefore a gain in weight of 6

grammes .

EFFECT OF COBEA VENOM ON..THE. HEART.

From a study of the general effects of African
Cobra Venom in frogs we see that the heart beats up
to the moment of death and for a considerable period
after the more marked nervous phenomena present them=,
selves. The rate is much slowed, but the fact that
the contractions of the heart.are visible through the
chest wall shows that the pdwer of the heart is not
much affected.

Arrangements were made to record the contractions
of the heart in a graphic manner. In some instances
the ordinary method of suspension by means of a hook
through the apex of the ventricle of thes frog's heart
was employed. In other cases tracings were obtained
by means of lévers connected with pads resting on the

auricles and ventricle .

Experiment XXXIX,

June 21st 1903. Temperature of Laboratory 69° F
Frog, male, healthy, weight 25 grammes received
subcutaneously at 2.30 p.m. 75 mg of Cobra Venom.
This equals .03 mg per: gramme waight. The reflexes
were found to be paralysed at 5.30 p.m. The brain
was destroyed as bloodlessly as possible and the
heart was exposed and was found to be beating at the

rate of 5 contractions in 10 seconds. (Before

injection/
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injection the rate was 9 in 10 seconds). The
auricular contraction was feeble, Small pads of
cork attached to lévers were =2llowed to rest on the
auricles and on the ventricle and their contractions
were recorded by means of the leévers upon a smoked
drum which was made to revolve at the rate of one
inch in five seconds,

Figures 8 and 9 page (X/) show portions of the
curves obtained. The tracings read from left to
right and the downstroke in each individual curve
represents the contraction, the upstroke the diastole

of the auricles and ventricle .

In the tracing seen in Figure 8 page (K1) we
have to note the'slow heart bsat, with the comparativer
ly powerful systole of the ventricle, (indicated by
the down stroke). Note also the long diastolic p=ause
before another contraction takes place. The heart is
beating regularly. But it is found that, at a later
period in Cobras Poisoning, the heart becomes irregular
in its rate of contraction. A portion of tracing of

seen
the same heart showing this is.in figure 9 page( Xd)

The auricular beat is seen to be very feeble
in these curves but as the frogs were small some
difficulty was experienced in getting the pads in

place.

Experiment/
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Experiment XL, June 23rd. 1903. Temperature of

Laboratory 66°F.

In this experiment the suspension method of
taking heart tracings was employed, and the
antagonistic effect of Atropine Sulphate was in-
vestigated. A frog, male, healthy, weight 30
grammes received subcutaneously at 9 a.m. ;9 mg
Cobra Venom = .03 mg per gramme weight. The
curve was taken at 2 p.m. 1i.e. 5 hours after in-
jection, The reflexes were completely paralysed.
\le see here the same slow powerful heart beat and

after the application of Atropine Sulphate (.2%

| solution in Normal Saline) we find a slight increase

3 in the rate of the heart beat.

In figure 10 page ( x#/) is seen the slow power=
ful heart beat. The rate is 5 in 30 seconds.

In figure 11 page ( x//) we find that the heart
is now beating at the rate of 7 in 30 seconds.i.e.

Atropine has to some extent increased the rate.

In order to localize the action of Cobra Venom,

further experiments were performed. Experiments
XLI and XLII show the effect of direct application

of a solution of Cobra Venom to the heart muscle.

Experiment XLI

27th May 1903. Temperature of Laboratory 69°F

The brain of a frog, male, weighing 22 grammes

3was/
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was destroyed bloodlessly at 10.15 a.m. at 10.30 a.m.
a tracing was taken by meesns of lévers attached to
pads resting on the auricles and ventricle, the peri-
cardilum having been removed. A solution of Cobra
venon of a strength of 1 in 10,000 (normal saline
being used as the solvent) was applied at intervals
so that the heart muscle was bathed in a sclution of
the venom. See Figure 12 page (Xjif).

Experiment XLII.

June 2nd 1903. Temperature of Laboratory 620 F
Frog weight 25 grammes, male, healthy was pithed,
brain only at 10 a.m. Hesrt tracings by means of
pads on auricles and ventricle were taken. Cobra
venom dissolved in Saline solution was applied at
intervals. In all,l mg dissolved in 1 c.c. of
saline was applied, and even this strength of 1 inm
1000, had 1ittle effeet by direct application to the
heart.

See figures 13 and 14 page (x1Vv).

_Experiment RIEL vae

In this experiment the effect of the venom on
the cardiasc muscle, by direct application of it to
the exterior of the heart from which the pericardium
was removed, was observed, The number of pulsations
in succeeding half minutes WwWas observed, and all

unneccessary interference with the heart in the shape

of
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of suspension of it was avoided.

A frog, male, weight 25 grammes, was pithed, brain
only, at 2.30 p.m. the pericardium ws=s carefully
removed from its ventral aspect and the pulsation

of the heart noted. A sclution of cobra venom in
normal saline solution was applied at intervals .

The results are shown in the accompanying table. The

strength of the solution was 1 in 5,000.

INo of Heart Beats |
Time in 30 seconds. Remarks.
234 27 Systole of Ventricle and
auricles complete.
5D 26
.36 26
so7 | 26
238 | | 2 minims of solution applied
33 26
.40 26
.41 26
.43 26 Systole still good.
45 - 1 m. of solution applied.
4535154 26
47 26
50 26
50130 - 2 m. of solution applied.
51 | 25 ’
55 25
54 | 25
57 26 .
AR LM - |2 m. of solution applied.
2.58 || 24
20 24
«4'30" || 24
.9730" 24 ;
.10 [ - 2 m. of solution applied.
.11 - iStruggles of frog.
A2 25
.16 24
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Y

— —
Tame =

Remarks.

.16'30"
SL7Y 30!
.20 |
.25 ‘
.30°

,30'10"
<5

GHEUET
B2 "
S
.42
i
oD
1.13
4. 24

.50

2 m. of solution applied .

2 m. of solution applied.

Struggles of frog.

Systole and diastole are
still unimpaired.

Systole not guite so
complete but still regulan
in time

Experiment XLII.Db.

Here we see that a heart that is kept continuously
moist in a solution of venom which is applied to the

exterior of the heart is practically unaffected.

effect

of/

as well as

of St dmethe

In order to acertain if the venom have any
local action on the cardiac muscle when it is allowed
to come into more intimate relation with 1it, the
exclsed frog@ heart was ohserved.
In this form of experiment the solution of Cobra
venom comes into contact with the endocardisl aspect
with the exocardial: the heart in fact

in its contractions, which take place in the solution
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of venom,ls constantly allowing the venom to circulate
through it. The table quoted below is a typical one
from several experiments that were performed The
frog being pithed, the heart was carefully excised
and placed first of 2ll in normal saline solution in
order that the normal rate of its pulsations might be
determined. Venom was then added so that the
strength of the solution was 1 in 5,000, and the

pulsations were agein recorded.

Time | Contractions &f REMARKS. =
| 30 seconds.
382 ! 19 . Heart in Saline.
A ! 18 1" " 1"
e 18 = we—y
= 35 ' 18 1] n n
.36 | 18 Heart in Solution of Venom
= 3'? | 18 1 il " 1] 1
. 58 19 " 1" " " 1t
> 5 g 18 1 1" " 1" "
= _; 17 1 1= " n "
$ 42 | 17 " 4] " 11 ‘ "
A4 | 17 ' 1" " fn " "
5 4 6 1 8 11 n i 2 " "
= 4 8 | _'1 6 i 1] " " 1"
.50130n; 15 " " 1 " ]
3562 186 !
Syt 15 -
256 12
57 8 ‘Contraction irregular with fre;
[ ‘quent pauses in complete systo
59'to0 | :
4.0 9 &7 “Irregularity marked as above.
4.3 7 |Whols heart beating .
.6 l% contractions of sinus alone
3 auricles: and ventricle im
5 : lssystole, o

le.
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Experiment XLII b. Cont@

Time ‘Contractions in Remarks.
@ 30 seconds. |
-9'30" | 7 Whole heart beating
= ll i 6 " i "
2 3 | 6 " " 1"
S15 5 feeble beats of sinus
| alone °
4.20 [ ""hole heart ceased in
condition of systole.

Experiment XLII. c.

As a control an excised heart was placed in
saline, and at the end of two hours it was found that
the rate of beat had diminished from 27 in 30 second
to 26 in 20 seconds, while the rhythm had remained
unaltered. -

Experiment XLII. 4.

In the following experiment the effect of
stimulation of the medullary centre, of the vagus
nerve and of the sinus, upon a heart under the
influence of African Cobra Venom was investigated.
The vagal centre in the medulla was reached by
cutting off the frog's head just behind the eyes and
in front of the tympanic membranes. Figures 15 and
16 page (XY) show the effect of stimulation of
the medullary centre and of the vagus nerve in a
decerebrate frog. In figure 15 page (XV) we
see that marked inhibition is obtained on stimulating
the medulla with such a current as was obtained from

~a coil with the secondary coil at a distance of 60

mﬁ:/

Ul
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mm. from the primary. In figure 16 on the same
page the inhibitory effect of stimulation of the
vagus nerve with the same strength of stimulation
is seen.

The above tracings were obtained by the
suspension method. The frog weighed 30 grammes and
had been decapitated at 2 p.m. At 2.15 p.m. 1.5 mg
of African Cobra Venom was injected intra-peritoneall
This dose equals .05 mg per gramme weight.

Further tracings were taken at 2.50 p.m. when
the reflexes were found to be paralysed. The heart,
which before injection was found to be beating at
the rate of 6 contractions in 10 seconds, wss now
beating at the rate of 3 in 10 seconds. Stimulation
of the vagus nerve with the secondary coil at a
distance of 60 ﬁm from the primary caused inhibition
of the heart as is seen in figure 17 page (XV) .
Later on, Stimulation of the Medulla showed that
stimuli, which caused inhibition in an unpoisoned
heart, are powerless to affect a heart when the frog
is under the influence of venom, although strong
stimuli still cause slight inhibition - see
figure 18 page (XVv).

Stimulation of the sinus has the same result,
in a frog under the influence of Cobra Venom, that
it has in a healthy heart. One finds augmentation
with weak stimuli and inhibition with stroﬁg stimuli
see 'figure 19 page (XV). ‘

These/
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These results poini_to the intrinsic nervous
mechanism and the vagal merve ends being left intact
by Cobra Poison, and to the venom having an influ=snce
on the cardio-inhibitory centre in the Medullsa.

Experiment XLIV,

June 6th 1903. Temperature of Laboratory 67° F
Frog, male, healthy,weight 25 grammes,received “rbi
subcutaneously .75 mg. of Cobra Venom. Sixteen hours
iater a heart tracing was obtained. The rate of
beat was found to have fallen from 8 beats in 10
seconds to 3 in 10 seconds. The motor nerve ends
were at this-time paralysed. In this experimsat the
gffect of Atropine in causing a quickening of the
heart beat and the effect of stimnlation of ths sinus
before and after the application of Atropins are well
seen. The tracing was obtained by the suspension

method.

The portion of tracing seen in figure 20 page (Xv
shows the heart beating at the rate of 3 contractions
in 10 seconds, with the heart under the influence
of the venom (normal is to distinguish from the curve
under the influence of Atropine), and the effect of
stimulating the sinus. We see that the heart was

inhibited for a period of 68 seconds.

The portion of tracing seen in figure 21
page (XVJ) shows that the application of a solution

of/




of Atropine, (.2% Sulphate of Atropine in normal
saline), is =2ble to cause an increasec in the rate of
the heart beats from 4 in 20-secoads to 8 in 20 secs.

Stimulation of the sinus after the application
of Atropis 1s powerless to arrest the heart.

From a consideration of these experimeﬁts one
is lead to the conclusion, that the slow heart beat-
that it observed in frogs under the influence of
AfricanC8bbre Venom, is due, in part to thes action
of the venom on the céntral nervous system - the
vagal centre in the medulla -, and in part to the
action of it on the heart muscle.

There must be at first a stimulation of the
vagal cesntre resulting in a slowing of the heart.
The vagalnnerve ends are not paralysed, sincé
stimulation of the vagus nerve arrests the heart,
and we z2lso find that the application of Atropine
to the heart is Capable-of quickening the heszrt
beat, by paralysing the vagasl nerve ends, and
releasing the heart from the increased inhibition
that is being exerted by the vagel centre. While
this is mo, we find that the increase is not brought
about to such a degree as one would anticipate if
the action were purely nervous, and experiment
XLII b . shows that part of the slowing is due to
the direct action of the venom én the cardlac muscle.
We find also that when the medulla becomes nearly

paralysed/
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paralysed - as is shown by the fact that stimulation
of it requires to be very powerful to cause slowinge.
(Experiment XLIII),. we are constrained to find an

explanation of the slow heart beat that still persiﬂts-
in the local action of the venom on the heart musclse,
The results of Experiment XLIV show that the

intrinsic-nervous mechanism of the heart is left

intact by African Cobra Venom.

Experiment XLV. In order to determine whether
Africzn Cobra Venom had =ny G%Pect on the lymph
neafts of a frog, a frog weighing 19 grammes was
pithed (brain only) atiil.BO a.m. and the posterior
lymph hearts exposed. fheir rate of contractidn
was then 10 in 10 seconds.: Ai-il.&ﬁ'a.mﬂl557 mg.
Cobra Venom solution was injected subcutaneously,
and immediztely after injection the rate increased
to 12 in 10 seconds. At 11.50 the rate was 8 in
10 seconds. At 12.15 p.m 6 in 10 seconds. At
12.30 p.m. there was an occasional contraction and at
12.45 p.m. 1i.e. one hour and ten minutes after
injection the lymph  hearts had ceased to beat.

As a control to the above experimeht the
following experiment was performed. A healthy male .
frog had its brain deétroyed at 12.45 p.m. The lymbh
| hearts were exposed aﬁﬂ found to be beating at the
rate of 10 contractions in 10 seconds. At. 2.45 pe.m

( two/
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(two hours after pithing,the rate was 8 in 10 seconds
At 5 p.m. the lymph hearts were still pulsating

at the rate of 8 in 10 seconds.

GENERAL EFFECTS ON RABBITS,

In order to study the general effects on rabbits
graduzated doses were:admini%tered éubcutaneously
under the skin of the flank. The minimal lethal
dose was determined, and the effects 01 rabbits are
seen in the following experiments, selected from
those on the table showing the determination of the
lethal dose. In all the experiments the blood was
examined and the effect of the venom on the blood
was investigated. The effect upon temperature was

also 'noted, the temperature being!taken per rectum,

Experiment L1.

A rabbit, - a black doe - welghing 1750 grammes

received subcutaneously in the right flank at 2 p.m.
.55 mg. of African Cobra Venom. THis is egual €0
.3 mg. per kilo weight of animal.

Before injection the temperature,as determined
per rectum,was 101.2CF : - the respirations were 40

in 30 seconds, and the heart beats were %4 in 10

Up to six p.m., i.e. till four hours after the
injection, tﬁé animal shewed no symptoms - but at

this/
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this time its respirations became laboured and
irregular, their rate was on an average 36 in 30 secs
the expiration was abrupt. The animal's temperature
at this time (four hours after injection) was 101.40p|
The rabbit was able to move about. At 6.20 p.m.
signs of motor weakness befan to show themselves.

The snimal was unable to support its head, and the
nose rested on the tebles Respiration was irregular
and slower, its rate being 20 respirations in 30
seconds. The cardiszc impacts_numbereﬁ 22 in 10
seconds and were regular and powerful.

o

At 6.40 p.m., (four hours and forty minutes af

ter

1

5

0]

U,

injection), great motor weakn
unable
animal became,to stand and the belly and chest rested

was seen, the

on the table, all the limbs being extended. The
respirations were at the rate of 18 in 30 seconds,
the cardiac impacts numbered 22 in 30 seconds and
the temperature had fzllen to 99° F.

At 7 p.m. there occurred slight convulsions ;
the animal lay on its side: the cornes was.in-
sensitive: the respirations were 12 in 30 seconds,
very irregular and feeble,-wifh an occasional deep
£asp. The heart at this time (five hours after
injection) was beating at-the rate of 10 in 10 secs.

At 7.3 p.m. respiration ceased: the heart was
beating feebly at the rate of 10 contractions in

10 seconds, and it ceased to beat at 7.6 p.m.

A/
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A post—mortém examinatién was made when the rigidity
had become marked at 7.40 p.m.: There was no free
fluid in the abdomeh: no peritoneal ecchymoses: :
gut not congested. Kidneys were slightly congested.
The liver contained a great deal of blood which
exuded =7 from it 6n sectiona.

The heart was found with the right side dilated:?
the auricle and ventricle contained loose dark clot

which extended into the superior and inferior venae

cavae., =
The left side of the heart was contracted and

contained but little blood. The lungs were healthy.

Some urine was obtained from the bladder and was

found to contain a trace of albumin: no blood was
present.

Experiment XLVII.

A rabbit, Pawn buck;weighing 1475.grammes,
who;e respirations were 20 in 10 seconds and whose
cardiac impacts were 28 in 10 secbnds receivéd under
the skin 5f the right flank at 10.10 a.m. 1 mg of
Cobra Venom. This dose is equal to .65 mg of Cobra
venom per kilo gramme weight of rabbit. At 11.45
a.m. i.e. one hour thirty five minutes after
injection, the respiration became markedly afféctéd,
in that it was slower and more laboured. There were
now only 14 respirations in the 10 seconds and the
cardiac impacts had fallen from 28 in 10 seconds to
18 in 10 seconds. The temperature, which before

injection/
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injection was 102.4° P was now.102.6° F. The rabbit i
was unable to support the head andi the nose was
found to be resting on the tatle. When placed on
its side the animal remained in this position after
some feeble attempts to get on to its feet.

At 11.50 the respirations were now at the rate
of 12 in 10 seconds and the cardiac impacts while
stronzly felt had slowed considerably in rate, only
12 being counted in 10 seconds. The pupil at this
time was found to be contracted and did not react to
light: the cornezl reflex could not be obtained.

At 11.55 slight convulsive movements occurred:
the head was retrscted. Respiration became very
irregular and occasionally a déep gasp was taken.

The heart was felf to be beating at the rate of 24
contractions in 10 seconds. The pupil was found to
be dilating and at 12 o'clock was widely dilated

At 12.5 p.m. 1i.e. 1 hour 55 minutes after
injection, respiration ceased: the heart was still
felt to be beating, although feebly and irregularly
at the rate of 6 beats in 10 seconds, and at 12.7 p.m
the heart ceased to beat: the pupil was small.

- On post-mortem examination, no free fluid was
found in the abdomen. There were no peritoneal
ecchymoses. The gut appeared a little congested es
did also the liver and kidneys. The lungs were
healthy. The left side of the heart was contracted
and empty: the right ventricle and auricle contained

some/
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some dark blood clot.

Experiment LIV,

In this experiment the effects of a sub-lethal
dose are well shewn, especially as regards the
changes in temperature and in the white cells of the
blood.

A white buck rébbit was employed: 1its weight
was 1690 grammes. The respirations were 20 in 10
seconds, and the heart beats 30 in 10 seconds.
Examination of the blood shewed that the haemocytes
numbered 4.800.000 per cubic millimetre, fhe
leucocytes 9.500, and the percentage of haemoglobin
was 60. The temperature ass ascertained per rectum
was 1020 F

At 12.20 p.m. .4 mg of Africen Cobra Venom
dissolved in sterile camphor water was infjected
under the skin of the flank. This dose is equal
to .237 mg per kilogramme wéight of rabbit.

At 4.20 p.m. - four hours after injection-
there was no gross change observable. It was found
however that the temperature had risen to 104.2°F
i.e. a rise of 2.2° F in four hours. The respirations
were 22 in 10 seconds and the heart was beating at
the rate of 28 contractions in 10 seconds.

The haemocytes were 4.200.000

The Leucocytes " 9.560

The haemoglobin was 587%. ‘

Next /
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Next day the animal was found to be quite lively,
The temperature had fallen agzsin to 102° F at
which spot it had been before injection. The
weilght was 1615 grammes a loas of weight of 75
grammes. The respirations were now 22 in 10 seconds,
and the heart was found to be beating at the rate
of 26 contractions in 10 seconds. In the blood
evidence of leucocytesis was obtained since the
number of leucocytes was now 14.200 - an increase
of nearly S.OOO in 24 hours. The haemocytes
numbered 4,000,000 and the haemoglobin was 56%.
Next day the weight had decreased to 1590 grammes:
the leucocytosis was more marked, there being now
present 14,800 leucocytes. . Otherwise the animal
was healthy.

On the third day after injection the animal's
weight was 1610 grammes and it steadily increased
in weight and recovered completeiy. The number of
lsucocytes had fallen to 10.600.per cubic-millimetre.

The records of the above eﬁperiments are
obtained from three of those made during the

determination of the minimal lethal dose, the

results of which are tabulated below.

Determination/
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Determination of minimal lethal dose of African

Cobra Venom for Rabbits,
= = | S
Amount | Amoun
Expt. | Sex|Colour Welwht 1n?agted pgr kglo Result.
XLVI F |8late [2050 g| 1.5 mg.|.75 mg. [Death in 4 hours
XLVII | M |Fawn [1475 1 mg.|.65 " el "
7\-!
XLVIII | F |gnise (1920 | 1  ms.|.52 "oom ozl .
XLVIIIa| M |White [1500 «6 mg.| 4 " LR "
XLIX F |Black [1750 S557 e s . EETilis
L M |White |1695 5 .29 Recovery.
LI F- |Black |[2130 6 D7 it
LII. B |[White |1360 .39 «26 %
3 I M [White |1880 47 25 L |
LIV | M |White |1690 .4 | 237 i
In all the above experiments the animals were

kept in the_same condition as regards feeding etc.
- The injections were all subcutaneous,
From these experiments we see that the minimal
lethal dose of African Cobra Venom is .3 milli-
gramme of Cobra venom per kilogramme weight of

rabbit: a dose which is slightly in excess of that

for Indian Cobra Venom. In sub-lethal doses it is
remarkable that there are practically no external
symptoms of the action of the venom; and that in dose
that are only very slightly below the minimal lethal
But it

dose the recovery is so complete. is found

that effects are produced on the blood, on the
temperature and on the general condition of the

animal/
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animal in so far as it can be determined by
ascertalning the changes in weight.

General effects on Rabbits.

Before passing to a consideration of those
changes in deteil, it may be opportuns to summarise
the general effects on rabbits of African Cobra
Venom,

The first symptom, that attracts attention is
that the breathing becomes embgrrassed. The
respiration becomes irregular, laboured and after a
transient increazse in rate, progressively slowsr
until death, which appears to be due to a paralysis
of the respiratory centre.

Motor weakness is next displayed: the rabbit
is unable to support its head and finally it lies
on its belly with all limbs extended. The heart is
slowed but still continues to beat after respiration
has ceased. Evidence of involvement of the refiexes
is obtained in the disappearance of the corneal refle
some time before death, Convulsions,which are not
marked in degree,occur before death, with the gradual

failure of the respiratory centre.

Effect of the Venom upon Temperature.

It has been noted in the three experiments
selected from those in the table of minimal lethal
doses, viz. Experiments XLVII, LI and LIV that
changes take place in the temperaturs of the rabbits.

This/
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This is especially well seen in the case of the

rabbit in Experiment LIV. The temperature wa

3 taken

at stated intervals after injection, the thermometer

being inserted into the rectum for this purpose.

The fellowing table shows the changes in

Temperature which followed

The first column shows the tempesrature before

injection: the second the dose per kilo weight of

rabbit, and the succeeding columns show the

temperature at the stated ftimes.

the injection of the venom

Temp before| Dose per
injection | kilo wt.

Hours after injection
with temp. at then

13 2 3 4 6 24 483
IES 102.40 ® .65 mg.|102.6° Death in two hours,
T, 101.8° ® <52 102.82 1oo°§Death in 3% hours.
G101 0% h o4 102.4° 103.8%eath inl 5 hours.
1v. 101.20 F =3 102.20 1039 at 4.40 P9%Death in ShrE
Ve 102:2 =1 .29 102.6° 103.29(103.29100.2°|101.9°% |
A 102.8° = st 103.6° 104.6° 1019 |102.69"
VII. |100.6° F <26 101.80 102.69 1009 (100.80[" |
VIII, |101.6° .25 101.2° 103.40° 1p0.8° [101.4°|"
TX '102? R <237 1039 104.2° 29 110222 el

2! 3 4 8 2) 8 48 "E

Hours after Inj
R = Recovery.

ection.

This table shows that following the injection of

the/
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the venom a rise of temperature takes place. This
begins to show itself in two hours, and when the
temperature is tsken four hours after injection , the
rise is marked. Twenty four hours after injection on
the temperature is found t6 be lower than it was
before injection,;but by the second day =fter injection
it has regained its normal level.

In cases where the rabbit had received a large
lethal dose of the venom and where the temperatufe
was taken shortly before death, it was found that the
temperature had fallen to a very low point, indicative

of collapse. (S8See No.IV in table above)

Effect of the Venom on the Blood of Rabblts:

It has been noted that a leucocytosis is =

feature in the symptoms that follow the injection
of Cobra-venom (see Experiment LIVe)

The blood as has been already stated;was
examined in all the rsbbits used in determining the
minimal lethal dose of the venom. Some of the
rabbits however died before a second estimation
could be made, and the best results are seen in the
cases of those rabbits which recovered.

It may be stated at the outset that in no case
did the blood shew evidence of haemolysis: for in no
case was the serum, which separated from the blood,
which was collected in capillary tubes, tinged with

haemoglobin/
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in the blood,

blood cells,
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kilogramme weight of rabbit,

times after injection.

TABLE SHOWING LEUCOCYTOSIS.

No.of_

That is to say, African Cobra Venom
when administered to rabbits by subcutaneous

injection does not produce destruction of the red

That it stimulates the organism to produce an
increase in the number of white cells circulating
is well seen from the following table.
The first column shows the amount of venom per
that was injected
subcutaneously: the second column the number of
leucocytes per cubic millimetre before the injection

and the remaining columns the number at the stated

No. in No. in No- in No. in
4 hrs 24 hrs 48 hrs 72 hrsg

No. in
48 hrs

17.200
12.800
17.000

12.000
14.800

No. in

48
hours

Amoﬁnp
per kilo|leucocytes |No. in
injected|, before
- : |injection. |3 hrs; =
T, .52 mg 2.000 110.500 | died in 3% hours
T8 «8 —mpg 7.000 9.200 | (died in 5 hours)
No. in|No. in|
No «before "4 .hrs 24 .hrs |
injectilon -
TGS .29 mg | 12.000 12.200|17.200
LV .27 mg 7.200 9.600|12.400
V. |.26 mg | 8.800 112.200(16.600
VI. .25 mg 74400 9.200|11.400
VIiL. 237 mg 9.500 10.100|14.200
Amount No. of No. of |[No in
per kilo |leucocytes leuco- | 24
injected | Yefore cytes |hours
injection 4 hrs. |
after |
injec-
tion

[No. in
72 .hrs

14.6090
8.200

10.000
8.200

10.600

No.

72
hours

in




79.

Here we see that the leucocytesis is evident in 4
hours and reaches 1its height forty-eight hours
after injection, After this period the number is
found to diminish.

As regards the varieties cf the leucocytes which
are increased, an examination of films of the blood
taken when  the leucocytosis was established, shows
that the increase is due mainly to the increased
number of finely granular eosinophile and coarsely
granular basophile leucocytes. The lymphocytes
appear to be diminished.

Examination of the blood films is also instructiye
in that it affords confirmatory evidence of the fact
that the red blood corpuscles are unaltered by. the
action of the venom. They retain their circular
shape, and exhibit the same reaction to Jenner's
stain that healthy rabbit's blood does.

Besides the rise in temperature, and the
leucocytosis, evidence of the action of the venom is
seen in the loss of weight that occurs after the
injection of the venom. The figures below are

typical of the loss in weight that occurs in rabbits.

Dose of Venom |Weight beforse Days aftsy Injection;
per kilo. =23 Injecp{pn. : 2L 2 R 4 {5F_l
237 mgs 1690 g. 1615 [1590| 1610| 18655| 1680
.29 mg. 1695 g 1635 |1615| 1530| 1670|1690

From/




80.

From this we sse that the body weight diminishes

for the forty-eight hours succeeding injection and
that thereafter the animal begins again to increase
in weight and has nearly attained the weight it was

before injection on the fifth day after injection.

BLOOD PRESSURE EXPERIMENTS.

The blood pressure experiments were made upon
rabbits, an ordinary Ludwig's Kymopaph being con-
nected with one of thes carotid arteries. Tracings

were taken showing th

0]

uncomplicated action of the
venom and also thing?fect of stimulating the vagus ang
depressor nerves; a the effect of stimulating the
central eﬁd of the sciatic nerve. The effectscof

et : nerves of ‘ - :
division of the vagiandathe 1njection of atropine
were also investigated.

After some preliminary experiments it was

found that the best results wereobtained with large
doses given by intravenous injection. Illustrative
portions of the tracings are appended to this paper.
The portions so taken are indicatéd by the "time" in

the tables being underlined.

Experiment LV.

The rabbit used in this experiment weighed'zooo
grammes.(z kilos) and the dose injected was 1lmg of
African Cobra Venom in two diwvided doses into the
left jugular vein. Ether was used as the

anaesthetic.




Experiment LV.
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Time | Amount injected |Average |Pulse | Respd
blood |rate per
pressure per 10 |
in M.M. | 10 secs Notes.
secs ,
9.46 98 39 9 Respiration waves well marked
regular. Pulse movements 1.5 to
2 Meme.
9.48 97 40 9 Do. Do.
9.48,30 African Cobra
Venom .25 mg :
per kilo .5 mg
in lcc Saline
into left jugu-
lar vein.
9.49 97 41 8 ReSpiratidn waves deeper.
9.55 95 41 7% Respiration waves very well
; marked. regular and deeper than
| normal. Pulse movements larger
(3 Meme
9.59 98 42 7% Do. Do.
10.26 98 37 6 |Pulse movementsrnow much more
_ evident being occasionally 5 mm.
10.40 104 32 5 |Respiration still regular pulse
movements larger 6 mm.
10,52 104 52 5 Respiration slightly irregular
but waves very well marked.
1111 i 32 5 Pulse movements very well markéd
7 mm.
1125 110 30 5 Do. Do.
11.28.30| African Cobra Respiration irregular for-a
+ Venom in little after injection.
o} :
Saline.
1129 .5 mg into g
: Vein. |
11.30 110 33 5 |Pulse movements still better
marked.
11.40 113 30 4 |[Respirations becoming irregul=ar.
!
11.50 110 28 4 |Respiration regular.
@ exceedingly
12 112 21 4 |Cardiac impacts are becoming A
| clear with the slowly beating
| theart.
| .
|
|




Experiment LV

continued:

—

_ Average | Pulse| Resp.|
Time |Amount injected| Dblood rate per |
pressure per | 10
in M.M 10 | secs.|
: secs. [
12.8 116 16 3%
12.36 116 15 42
:
12.46 108 9 ?
[
12.50 100 8 ?
12.52 66 9 ?
12.53 42 6 0
12.565 46 7
|
|
1257 0 | 0

[ and very large.

The slowly beating heart ex-
hibits in the pulse movements ,
s large expansion often attsin- |
ing 16 me.m. The¥e are fre-
guent diastolic falls.

Respiration waves not easily
distinguishable and very

irreguler, Pulse movements
large.

Respiration very shallow with
occasional convulsion and
corresponding rise of blood
pressure. Pulse movements few |

Respiration as above.

Respirations very slow and
shallow. 2 in 10 secs 12 in 60
seconds.

Respirstion ceased. Pulse move-
ments very large. Fall in
pressure continued but after
two minutes, ©Pulse movements
which had ceased redppesred.

Heart ceased finally at 12.57,
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From the above experiment we see that the blood
pressure is but little affected. There is a rise
to a slight extent after injection of the venom, and
the rise becomes more marked at the time that
respiratory failure comes on.

The pulse rate is slightly quickened after the
injection for a little time, but the main effect on
the pulse rate is z decided slowing with the
appearance of large puisa Waves.

The pressure remains constant despite the
fluctuations in the pulse movements. In this
experiment the respirations are seen tc become pro-
gressively slowed and they cease before the pulse

movements are obliterated in the blood pressure curve.

Experiment LVI.
Rabbit, weight 1750 Crammes. 2 mg African
Cobra Venom in two doses ( dissolved in Saline )

injected into left jugular vein. In this experi-

ment the effect of stimulation of the vagus nerve
was noted: as also the effect of division of the

vagi.
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Average

Pulse

s Substance Resphs|
Fime injected and blood rate 10
Pressure per SeCsS.
D osey in M.M, 10
Secs. =St
2.40 102 40 5
2.41 | 100 40 5
2.42 to| Injection 1.
2.43.18 25 mg Venom .
intravenous-
ly.
2.43.50 | 102 49 6
I
0.44 102 44 6
2.50 | 100 4o — |
3 08 88 | g
3.16 04 28 g 6%
3.19 96 36 | 63
3.22 i
3.32 90 34 /d
3.33 to!| Cobra Venom
5.3%5.40| +75 mg into 90 34 7
Vein.
3.34 | 04 35 8
3.47 i 98 36 8
el | 90 10 6
-
4,2 ‘ 02 26 ?

I sma11(1 mm.)

| Pulse rate quicker,

| Respiratory waves still hetter

Notes.

Respiration waves not very
distinct. Pulse movements

Do. Do.

Pulse movements'still'Small
Respiration waves more marked.

marked than at 2.43.50.

Pulse movements larger.

Stimulation of Left Vagus
secondary at 120 mm. Fall in
blood pressure and slowing of
heart~ temporariily

Respiratory waves well marked.

Respiration quicker. Pulse
| waves larger - being now 2 mm.

|Respiratory waves undistin-
| guishable. Respiration slower |
and more feeble.

Pulse rate much slower, move- |

iments still larger (2.5 mm) :
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Experiment LVI. continued:

amount
injected.

4.26.30

4.27
4.30

4.36
4.41
4.47

4.59

4.59.5

—

5.1.20

| Substance &

I

Average
blood
pressure
in M.M.

90

93

96

94

109
116

110
110
106
100

100

Pulse
rate
per
10

20

19

17

18

26
24

24

SECS.

Resp@g
10
secs.

| Lef't
| in pressure
' rapidity of

| Pulse waves

Notés.

Pulse waves larger 4 mm.

| Respirations feeble,respiratory
| waves indistinguishatle. Traube -

Hering Curves ewvident.

Stimulation of Right Vagus,
secondary at 150 mm. marked slow

' ing and fall in blood pressure

temporarily.

Pulse movements very large. 7 mm

Right Vagus cut.

cut., Immediate rise
and increasse in
pulse rate.

Vagus

Respiration waves indistinct

smaller 3 mm.

Respiration laboured and at rate

of 5 in 10 seconds.

'Respirations shallow,

Pulse waves still sm=21l, © mm,\

Stimulation of lower end of left

| vagus with secondary at 120 mm.

|Immediate fall of pressure, and

marked slowing.of heart,.
temporarily.

| Respiratory waves a little more

distinct.




Experiment LVI continued:

86«

Substance | Average Pulse Respirations
Time and dose | blood rate per 10 secse| Notes.
injected pressure per
iI'l M:-}J'E.a lo
secs.
B.1.320 Btimulation of lower end
| of left vagus Wwith second-
’ cary at 120 mm, Immediate
 fall of blood pressure
and complete inhibition
of heart.
Bel2.35 90 22 4 Respirations gasping
Pulse movements small-
2 mme. J
5.16 88 19 i Respirations 24 in 680
| seconds,of a Cheyne Stokes
| type.
5.18 50 16 0 Respiration cessed. Pulse
movements 1.5 mm.
5.21.30 0 0 Blood Pressure has
reached the Abscissa: | i:a¢
line. :
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This experiment shows that the blood pressure, as
in the previous experiment, remains at a fairly
constant level, and this even though the pulse rate
as seen in the blood pressure line is much slowed
while ths individual pulse movements are much
enlarged .. Stimulation of the vagus nerve at this
time shows that there is no paralysis of thes vagal
nerve ends. Section of the vagl at once liberates
the heért from the increassd inhibition evidently
exercised by the vagal centré-in the medulla and
theps results a great dincrease in the number of the
pulse beats and a diminution in their amplitude.
The blood pressure is seen to be raised. Stimula-
tion of the vagus nerve, even at sS6 late a period
in the action of thes venom as 20 minutes before
death, still calls forth the usual response and
indicates that the vagal nerve ends are still active|
But while section of the vagl nerves results in
an increase in the rate of the heart beat, this in-
crease is not such as to bring the number.of heart
beats back to what it was before the injection of
the venom. This therefore points to a local action
of the venom on the cardiac muscle as is found to be
the case in frogs.
The respiratory curves show the same changes as in
the previous experiment. The rate'is after each
injection of venom, increased, but the final effect

of the venom is to cause a paralysis of respiration.

Experiment LVIIi,




Experiment LVII,

88.

In this experiment the effect of the injection

of Atropine was investigated.

All interference

with the vagl either mechanically or by electrical

stimulation was avoided.

welghed one kilogramme:

tion was .030 in 6 cc. (strength

The rabbit employed

the dose of venom was 1 mg

and the strength of the Atropine solu-

used by PFraser and =
l“';v ¥
Tillie in Paper on Acocanthera . ). S
$u§stance Average Pulse | Respirations
Time injected B.P. rate per 10 secs. Nqtes.
: and dose in m.m. per l
: 10
secs.
2.28 86 | 40 7 Pulse movemsénts 1 mm. |
f | Respiratory waves well
| marked.
2.29 86 40 7. do. do. |
2¢30+30| 1 mg.cobra | | !
venom in ; '
Salline 1n- ' '
to vein.
2432 90 ‘45 8 Pulse rate quicker, i
% movements small (I mm). i
|
|Respiratory movements |
nnot so well marked. ;
|Respiration more rapid.
2.386 86 44 9 |Pulse rate still faster
| than normal,movements
| smaller .75 mm. Respiratory
|rate increased, waves well
|marked.
i
2.38 86 44 10 ‘
260 /




Experiment LVII.

continued:

89.

| Substance | Average| Pulse | RespfS |
Time and dgsg B.P rate | per 10 Notes.
injecte 1n mme.
J A PET | secs.
: 10
secs
2.50 94 36 7 B.P. higher. Pulse rate slower,
| waves more marked (1.75 mm).
| ! Respiration slower and deeper
a | in character. :
| |
2.54 ! 97 30 E 6.5 || Pulse movements still larger
} | (2 mm).
2.58 | 100 28 =ie
e | |
| : |
2+59 ' Injection i
.6 O ;
| Atropine 5
Sulphate
solution.

3 104 42 7 | Effect of Atropine has been to
increase the blood pressure,d the
rate of heart beat. The amplitude
of pulse movement is much diminigh-
ed being now 1 mm. Respiratory
rate increased.

5.0t30" 60 B0 s ? Blood pressure fell rapidly, as
also rate of heart beat. Ampli-
tude of pulse movements is
greater being now (2 mm).
Respiration-is irregular and
feeble.

3.0'45" 38 20 ?

3.2'30" 18 15 Respiration ceased.

85 0 0 BElood Pressure line has fallen

to zero, n
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this experiment the characteristic effects of
Atropine on the circulation and on the respiration
are noticed, but the heart is evidently so affected
by the venom that the changes induced by Atropine
are only transitory and both the heart and the
respiration are finally paralysed. In this experi-
ment the marked increase in the number of the
respirations that ensues for a short time upon the
injection of the venom is well seen and points to
a primary stimulation of the respiratory centre
before its final paralysis.

While the characteristic effect of Atropine is
obtained in the experiment, the doses of the venom
and of the Atropine are evidently such, that the
animal did not survive long enough to afford a good
tracing, and the following experiment was performed
in which a smaller dose of venom was administered,
and the injection of Atropine was used at an earlier
stage, while the animal was not so profoundly under

the influence of the venom.

Experiment LVIII,

In this experiment the rabbit used weighed 1880
grammes. The total amount of venom injected into
the jugular vein was 0.9 mg., and the dosage of the

—

solution of Atropine Sulphate was as is stated in

the accompanying table.




Experiment LVIII

9l.

continued:

| Substance & | Average
Time amount BPh
injected. in M.M.
o 102 |
10.29 | 102
i
0230 | «5 mg Cobral
| Venom in |
Saline in-
to vein.
10.31 106
10,32 108
10.34 106
10.35 _ .25 cc.
solution of
Atropine
Sulphate
into vein.
|
10.36 108
10.38 100
10.41% | 106
10.47 | 103
10.49 100

Heart | Resp™®

beats per | Notes.

per 10

10 sec. S€CS.

34 8 iPuléé movements 1.5 mm.
|Respiratory waves not well
| marked.

34 3 do. do.

36 9 Pulse quicken. Respiration

l quicker. Pulse movements still
1.5 mm.
32 10 | Pulse slower, movements larger
|3 mm. Respiration quicker. Waves
not well marked.

29 7 Pulse slower, movements now 4 mm
Respiratory waves well marked,
and rate much diminished.

|

36 7 Pulse quicker, movements(3 mm.),

32 8 Respiration quicker and waves
well marked.

31 Pulsé movements 4 mm.

34 Pulse movements 2 mm.

36 8 Pulse movements 1.75 mm. rate
quicker. Respiratory waves well
marked and regular and respiras- .
tion,since injection of Atropine,

faster.
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Experiment LVIII. continued: i
Substance & | Average Heart |Resp™S |
- amount B.P. | beats | per
Heu injected. in M.M. per 10 Sl
i I 10 secd sSecs. ;
[; 10.50 «4 mg Cobra 100 36 8 !
Venom in |
Saline into
vein,
10.51 100 38 8.5 Pulse rate a little quicker. |
movements still small: |
Respiration faster.
10.53 98 39 7 Heart beats still faster- pulse
movements small 1.75 mm.
. Respiration slower and deeper.
TR 98 33 s Pulse slower. Movements
[ larger 2.25 mm.
11.6 | s liggs |EEn 7
1E.12 128 22 6 Pulse slower, movements very
large 8 mm. Respiration slower
and very deep occasionally.
11.15 130 Sl 5 Pulse movements still very
large (9 mm.)
11.15'30" 5 ce 130 21 5
solution
Atropine
Sulphate
into vein.
1117 130 24 ? Respiration irregular, much
embarrassed.
1118 132 28 ? Pulse faster, movements
smaller 5 mm.
| Respiratory waves indistin-
' guishable.
11.19 130 30 ? do. do.
e | =
11.19'15" 110 | 26 0 Respiration ceased.
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Experiment LVIII. continued:

B = Substance & Averagelﬂeart Respﬂér“
Time i B.P. |beats | per | Notes.
J § in M.M.| per 10
10 sec. secs.
| N
11.21 o8 i o4 0
Tl 21 30! 70 24 0 Pressure rapidly falling,
\Pulse slow. Pulse movements.
4. mim «
11.282 20 12 0
11.22'15" Bk 0 Blood pressure tracing has
reached abscissa: line.
e e e e BNl Sea e e s

A consideration of the above table shews the same phen-
omena occurring as in the previous experiment-IXVII.
We note that after the injection of the venom there is
an increase in the pulse rate and in the rate of the
respiration. Both these are later én however, slowed
and on the injection of Atropine the pulse rate is
quickensd and the amount of movement of the individual
beats is lessened; the respiration is slightly
quickened.

On a second injection of venom the pulse rate is
still further quickened temporarily as is =also the
respiratory raté. Both the pulse rate and the re-
spiratory rate become quickly affected and the further
injection of Atropine is now not 80 potent in calling

forth the usual respcase.

The/
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The blcod pressure remains remarkably constant
and the greatest elevation of pressure corresponds
to the final embarrassment of respiration. .Respira-
tion however ceased before the pulse beats are
obliterated and while the blood pressure is com-

paratively high.

Experiment LIX..

In order to obtain a graphic representation of

the changes in respiration that are induced by in-
jections of African Cobra Venom arrangements were
made to record the variations in the respiratory
movements with a lever attached to the xiphisfernum
which had been previously isolated from the sternum
but left attached to the two slips of the diaphragm
which we inserted into it.

The lever attached to the xiphisternum was made
to record its excursion on smoked paper fixed to a
revolving drum in order to lessen the friction.
The rabbit used in this experiment weighéd 2.000

grammes, and the dose of venom that was injected

intravenously was .5 mg per kilo weight.




Experiment LIX ..

continued:

Average | Number of| Respira-| Respira-
: blood heart tion per| tory ,
Time Pressure| beats per| 10 secs.| excursions | Notes.
in M.M.|10 secs. in M.M. S =
Sie DD 112 55 11 25
37 114 35 11 2.5
«39 113 = = =
2.59. 30" 120 36 15 3
little.
241 118 38 17 5
2.49 118 39 10 8
18
12 irregular.
06 120 S 8 20
2.59 114 35 7 22
3.4 114 35 6 =20
Sel4 120 32 6 10
as
521 116 30 — 14
3229 114 30 7 16 Respiration =
228 110 30 7 16
3.33 110 29 6 20
340 108 32 7 22
3.44 110 26 6- [20:12:8
irregular.
346 160 18 6 5016
3.48,50 140 16 5 5.
' vulsive gasp.
3.51 68 10 | 2 2
3.51.30 60 11 0 0 | Respiration
g 0 0 0 0 l .

| Rlood pressure raised a

Injection of- .5 mg to
kilo intravenously. E

Heart beats more
frequent. Respiration a
little quicker and deeper.
leart faster, respiration
is quicker and deeper.

Respiratory excursus much
larger and a little |

Extra weight hung on lever
excursus was large.

little
quicker, excursus deeper.

Respiratory excursus very

Larger figure represents
excursus of lever at
commencing convulsions.

Respiration feeblé and
slow with occasional con-



In the above table we find that the injection
of the venom produces a marked increase in the rate
of respiration alﬁng with an incresse in the depth
of the individual respirations. This preliminary
augmentation however giVes place to a slower but
still powerful respiration. The blood pressﬁre
line shows the seme changesas are ssen in previous
experiments. The rate of heart beat is at first
augmented but evidence of the slow heart with large
pulse movements soon becomes zpparent. In this
table also the fact that the highest point of
pressure corresponds to the commencement of respira-

tory fallure 1is well seen.

Experiment LX.

In this experiment the effect of the venom: on
the vaso-motor centre was investigated by means' of
stimulation of the Sciatic and Depressor Nerves.

It was found as is seen in the accompanying
tablg that stimulation. of.the sclatic nerve caused
a rise in the blocd pressure and of the Depressor
nerve a fall in the blood pressure.

The Vaso-motor centre,which is on the reflex
arc involﬁed, is seen to be in state of irritability
up to practically the end of 1ife;but it is found
that in order to obtain thelreaction stronger
stimulation is required . At 4.24'10", for in-
stance, when as can be seen from the tracing the

animal/
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animal was under the influence of the venom, ths
strength of stimulation necessary, was such as can
be obtained with the secondary coil at a distance of
200 millimetres from the primary:; at 6.21 the
secondary coll hzd to be moved to a distance of-QO
mm. from the primary, and at 6.34!30" the secondary
coil was at a distance of only 40 mm. from the
primary one.

So with stimulation of the Depressor nerve.
At 4.29' the reaction was obtained with the secondary
coil at a distance of 120 mm. from the primary coil,
while at 6.27 the secondary coil had to be advanced
to a distance of 90 mm. from the primary one and
at 6.33'.30" to a distance of only 40 mm. to obtain

the same phenomena.

This experiment is also interesting in that it
shows the reaction previously described, on section
of both vazl nerves.

The rabbit empioyed weighed 1650 grammes.

Ether was ﬁsed as the anaesthetic as in'the previous

experiments.




98-

: Average No. of Respirations
Time . blood- Heart per 10 secs. Netes.
Pressure beat
in m.m. in 10
| secs.
4,10 1512 32
4.12 112 32
4,15 - - - Injection intrawenously of =5 mg
to kilol.
4.186 116 34 9 Heart beating more quickly. Re-
spiratory rate is also increzsed.
4.17 118 33 10
4.18 120 30 12 Heart slower. Respiration quicker
pulse movements larger,
4.24 120 28 12
4.24.10 150 - 14 Stimulation of Centrzl end of
i Sciastic nerve. Immediate rise in
i blood pressure with convulsive
respiratory movements and
temporary 1lncrease in the rate.
4.28 118 28 10
4.29 .90 - - Stimulation of Depressor Nerve,
Immediate fall 6f pressure.
4.30 114 D 9

Up till 6 pem., during which interval stimulation

of the depressor nerve on two occasions caused a
fall in the blood pressure, the tracing maintained
the usuzl characters. The number of heart beats
however incressed while the pulse movement became
smaller. The respiration was slso gradually

diminishing in rate - being on an average 7 in 10

seconds. Notes on the tracing after 6 p.m. are

appended/
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Average |Number of|

Respirations

: blood | Heart in 10 secs.

Time '

B Pressure| beat in Sotes
in M.M. |10 secs.

6.1 100 32 7

6.5 102 52 7

68.10 Injection of .25 mg. to kilo.

6.11 106 30 7

6.15 104 257 6

6.20 110 20 5 Respiration feeble. Heart slow.

6.21 130 - 7 Stimulation of central end of
Sciatic nerve - respiration
deeper and faster.

6.26 108 14 5 Heart profoundly affected, many
dropped beats. Respiration feeble
and slow. ‘

6.27 80 Stimulation of Depressor Nerve

6.29 100 10 - Respirations infrequent.

6.20'20" 70 Stimulation of Depressor Nerve.,

B6.31 80 10 4 Gasping respiratory movements.

6.31.30 Left Vagus Nerve cut.

§L51'4O Right " " "

6.32 90 21 2 Heart beats incressed in rate.

amplitude of pulse waves 1is
much smaller.

633 60 18 2 lRespiration very feeble.

6.33'30"| 30 12 0 Respiration ceased. Stimulation

| | of Depressor Nerve.

6.34 ! 20 5 0

6.34130" 25 8 0 | Stimulation of Central End of

_ | G
i Sclatic Nerve.
6.35'30" | 0 0 0 | Blood Pressure had reached the

Abscissa line.

-
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Conclusions from Blood Pressure Experiments.

The conclusions one draws, from the above sgries
of experiments, are that the blood pressure in an
animal under the influence of African Cobra Venom
remains high till very near death: and that there
ls a rise above the normal level when the extreme
respiratory embarrassment occurs.

The heart is, after a primary quickening in
rate, progressively slowed. This slowing is in
part due to an action on the Vagal centre in the
lfedulla aand in part to the action of the venom on
the heart itself, That it 1s not whelly due to a
nerve action is proved by the fact that on section
of the vagl nsrves, an increase in the rate of the

occurs,
heart's contractions, but this increase is not so
great as would occur were the heart Htself unaffected.
Evidence in support of this is obtained from the
results of local application of the venom to the
frog's heart and especially from the experiments
where the venom had access to the interior of the
heart as well as to the exterior of that organ.

That the Vaso-motor centre is affected,is seen
from the results of the last experimeat-LX. and in
the experiment—LVI the appearance of Traube-Hering
Curves 1s noted which points to a condition of
failure of this centre.- The contractile &ffect of

the/
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the venom on the walls of the vessels 1is no doubt
a great fTactor in the'preserVation of the arterial
pressure. That there ié such an action exercised
is seen from the results of the experiments

performed in perfusing the blood vessels of the frog.

Some Pathological Effects produced

by African Cobra Venom.

In post-mortem examination of animals killed
by the action of this venom, it has been noticed
throughout the paper, that there was to the naked
eye an appearance of congestion of the kidneys, gut
and liver. Microscopic sections of the kidneys ,
liver and spinal cord of the frog were prepared by
the usual paraffin method. The appearance: of the
anterior cornual cells has slready bheen referred tg.
and is well seen in figure 1 page [ e

The appearances of the stained sections of
kidney justify the conclusion that an acute
.desquanmative nephritis is set up by the action of
the Venom.g In the sections of liver, marked
evidence of congestion with degeneration of the liver
cells is seen.

The microscopic appearances of healthy kidney
and liver, and of kidneys and liver of an animal
killed by the action of African Cobra Venom are

shewn/
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shewn in figures 22, 2%, 24 2nd 25 pages ( XXX/ &4

XXX, ).

SUMMARY OF RESULTS.

African Cobra Venom is primarily a nerve poison.
Evidences of its action on the nervous system are
obtained, while the blood is.unaffected, and while
the circulation is still carried on vigorously.
Experiments XIX, XX, XXL: XXIL, XXIIL, -XXIV, XXV,
XXVI, XXVII,

Action on the Nervous System:-

As regards the action on the Nervous System
it is found that African Cobra Venom paralyses the

motor nerve ends, after a transient Stimulation .
Sze experiments on the determination of the minimal
lethal dose in frogs and also experiments XII, XIII,
XLV, XV, XVI, XVII,

It paralyses the reflex function of the spinal
cord and the part of the arc affected is the
anterior cornusl cell. Experiments XVIII, XII,
CXILL, With large doses it is found that the reflexesj
are paralysed before the motor nerve ends -
experiment XX., and with small doses there is a
practically simultaneous paralysis of the reflexes
and of the motor nerve ends. Experiment XXI.

After a transient stimulation of respirétion
there is a depressant action exercised and the

respiratory/




respiratory centre in the Medulla is finally

paralysed. This is the casuse of death.

There is a stimulant action on the Vagal centre
in the medulla. Experiment XLIId. etc. That this
stimulant effect 1s exercised for a considerable
time after the respiratory centre is paralysed is
probable - see Experiment XXXIX etc. This points
to the venom having a special action on the respira-
tory centre.

The final effect of the venom is to depress the
vagal centre in the medulla and finally to paralyse
At

The Vaso-motor centre is not so profoundly
affected as the other medullary centres but the
appearance of Traube Hering Curves in the blood
pressure tracing in Experiment LVI and the result
of the stimulations of the Sciatic and Depressor
Nerves seen in Experiment LX point to a depressant

action being also exercised upon this centre by

African Cobra Venom.

Action on Muscle (skeletal).

African Cobra Venom induces an earlier onset of
the phenomena of fatigue, and also irresularity
in the amount of contraction towards the end of the

fatigue curve. Experiments XXX, XXXI and XXXII,
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Action on the Heart and Rlood Vessels:-—

Slowing of the heart is produced. This is
in part due to the action of the venom on the vagal
centre in the medulla and in part to the acticn on
the heart itself. Experiments XXXIX to XLII d.
inclusive.

The results of the perfusion experiments
performed on frogs, (XXXIII to XXXVIII inclusive)
point to a powerful constrictor effect being
exercised by African Cobra Venom , if the strength of
solution be sufficient. The pulse rate is, after
a primary increase in rate, steadily slowed till

death. Experiments LV to IX inclusive.

Action on the Blood.

No hsemolysis occurs "in corpore" iﬁ rabbits.

When the action on the various parts of the
nervous system in frogs is manifest the blood shews
no evidence of haemolysis.

"In vitro" in frogs haemolysis can be obtained
Experiments XXVIII and XXIX.

In frogs at death haemolytic phenomena are
found, see experiments on the determination of the
minimal lethal dose for frogs and figure 3 page
( )

A marked leucocytosis is found in rabbits after
subcutaneous injection of African Cobra Venom:"

see Experiments detailed on page ( Ve
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Action on Temperature.

In rabbits a rise in temperature is found in cases

of slow absorption. Where on the other hand the

dose has been large there is a marked fall near
death - an algid state of the animal : see

experiments detailed on page CrreYis

Effect on Netabolism.

In so far as this case be gauged by the loss
of weight in the animal, we see from experiments
detailed on page (79 ) that metabolism must be

affected.

Pathological Effects.

Desquamative nephritis is produced, as also
great congestidn of the liver with degeneratioﬁ of’
the 1liver cells. Nowack describes fatty degenera-
tion of the kidney and liver as a sequance to the
injection of snake venom but African Cobra Venom

does not appear to possess this action.

Toxicity of sample employed in this research.

Minimal lethal dose for frogs, .001 milligramme
per gramme welight.
Minimal lethal dose for rabbits, .3 milligramme

per kilogramme welght.
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DIAGRAMS and TRACINGS

Illustrative of Paper
on

AFRICAN GOBRA VENOM

W. H. PRENTICE, M.A., M.B,, Ch.B.




I.

" Ib'

Fig. Ia shews the appearance of a healthy nerve cell.in

Fig.

the anterior cornu of the lumbar part of the cord.
1b shews the appearance of a nerve cell in the
anterior corau in the lumbar part of the spinal
cord of a frog which died on the 9th day after the
subcutaneous injection of .0018 mg of African Cobra
Venom to the gramme weight of animal,

Note thzat the poiéoned cell is shrunken as a
whole, also that the nucleus 1is smaller and is
vacuolated. The chromatin granules also stain
mﬁch more faintly and irregularly than in the healthy
cell. Degeneration of* processes of cell?

Magnified - 750 times. Stain:- Haematoxylin

and Eosine.
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Blood from heart of healthy

frog.

Note the regularity of the

blood cells and the deep

étaining, of the nuclei of

the red cells, and of the

leucocytes. :
Magnified 600 times

Stain :- Jenners.

Rig. B.

Blood from heart of frog IX.

on table of estimation of the

minimal lethal dose. Taken

from heart at death from the

inject

ion of .02 mg of venom

per gramme welght,

Note :-

—

lsucocytosis.
poikilocytes..
shadow corpuscles.
faint staining,
altered staining of
haemoglobin of the
red cells.

Magnified 600 times.

Stain :-= Jenner's
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Tracing shewing the effect of African Cobra Venom on muscle.

]

before it is influenced by the venom are seen. From

to 3.30 p.m. inclusive, the curves shew the contractions obtain-

able from the muscle immersed in a solution of venom.

Stimulation of lMuscle directlye. See




Fig. 8.

Iv.

Tracing above shews in I the amount of contraction
obtainable from a gastrocnemius muscle in a leg of a
frog, which is protected from the action of the venom:
in II +the amount of contraction obtainable from a

poisoned muscle. See page 45.

Figs. 6 & 7, above, shew the variations in the individual

contractions of a gastrocnemius muscle to which the venom
had access. See page 46.
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The above figures represent the tracings obtainable from

a frog's heart by means of levers resting upon the auricles
and ventricles, and are illustrative of Experiment XXXIX

bages 568 and 57.




Fig. 10

rig. 11

Tracings showing the contractions of a frogs heart

Obtainable by the suspension method.

Flg. 10 shews the slow heart beat that occurs in a frog under
the influence of African Cobra Venom.

Fig. 11 shews the effect of a solution of Atropine Sulphate in
occasioning an increase in the number of heart beats in
such a frog.

See page 58 :- Experiment XL.



XITI.

Vent
10.30
Aur. S .M
Vent
11 .5
Aur. a.m.
Vent
11525
Avr. B.eMs
Vent
11 .40
B.eMe
Aur.
Vent
115255
DeMo
Aur.
Vent
12010
p.m'
Aur.
Vent
R
P.M.
Aur.

Fig. 12.

Tracing shewing that a solution of African Cobra Venom in a
strength of 1 in 10,000 has practically no effect on the heart
when applied locally to the exterior of that organ.
Curve reads from left to right. Vent = Ventricle. Aur = Auricle.
At 10.30 a.m. tracing of heart before venom was applied is shewn at
11 a.m. and intervals thereafter solution of venom in the above

strength was applied, and curves taken at times noted. The .
auricular pad was readjusted at 11.40.

Drum revolving at rate of 1 inch in 5 secs.



XIV'

Pig 13,

Fig. 14.

Curves illustrative of Experiment XLII page 59.

Normal = curve obtainable before the application to the exterior of

the heart of a solution of African Cobra Venom in a strength of 1 in 1000.

X lst application = first application of above noted solution.
XX 2nd application = second " 1 " " "
IV = fourth 1 1 1" " "

C.V. 8 = gixth " " 1" " 1 S



XV.

Fig. 18

Figs 15 to 19 inclusive are illustrative of Experiment XLII d:

see pages 63 and 64.
MI S!
V.S,

1

Stimulation of vagal centre in Medulla. S.S. = stimulation of sinus.

Stimulation of Vagus nerve. Number = distance of secondary coil

from primary. in M.
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Fig. 20
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Tracings above are illustrative of Experiment XLIV.
Fig. 20, S.10 = Stimulation of the sinus of frog's heart when
the animal w=s under the influence of African

Cobra Venome.

Fig. 21. Shews the effect of the application of a solution of
Atropine Sulphate to the heart in a frog under the

influence of Cobra Venome.

See page 65.
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Portions of Blood Pressure tracing illustrative of Experiment LV.
See page 8l.
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Portions of Blood Pressure tracing illustrative of experiment LV.

see page 81.
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Portions of Blood Pressure tracing illustrative of experiment LVI.

See page 84.
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Portions of Blood Préssure tracing illustrative of Experiment LVI.

See page 84.
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-Portlons of Blood Pressure tracing illustrative of Experiment LVI.
See Page 85. ' ’
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Portions of Blood Pressure tracing illustrative of Experiment LVI.

See pages 85 and 86.
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Portions of Blood Pressure tracing illustrative of Experiment LVII

See pages 88 and 89.
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Portions of Blood Pressure tracing illustrative of Experim%nt LVIII.

See page 91.
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Portions of Blood Pressure tracing illustrative of Experiment LVIII.

See pages 92 and 93.



On page XXVIIL opposi;e are seen portions of the tracing
illustrative of Experiment LIX. See page 95. They show
the variations in the numﬁer and depth of the respirations
in a rabbit under the influence of African Cobra Venom, and

are obtained by means of a lever writing on a revolving drum
covered with smoked glazed paper - the other end of the
lever being attached to a slip of the diaphragm as described
on page 94. At 3.14 an extra weight was hung upon the

lever as the excursus was very large.
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Portions of Blood Pressure tracing illustrative of Experiment LX.

See page 98.




...............

............

4 2-g.
@(LLM
kqu, w A
_. crd  at 7" man.
| a‘(/b Cb;aﬂ S -!-..
e et

T : S
N O it e O i i

6§~

P

Porticns of Blood Pressure tracing .illustrative of Experiment LX

See pages 98 and 99.
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Portlons of Blood Pressure tracing 1lluqtrat1vn of Experlment

See page 99.
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Fig. 22 ' . Fig.23
Fig. 22 showé the microsco@ic Fig. 23 shows the microscopic
appearance of the kidney of a - appearance of the kidney of frog
healthy frog. e No.VI, which died on the 9th dam
Stain - haematoxylin & eosin after theiinjection of <005 mg of
Magnified - 600 times. African Cobra Venom to the gramme

weight, subcutaneously. Note the
extreme congestion and the appearances

of desquamative nephritis.
Stain - haematoxylin and eosin.

Magnified - 600 times.




Fig. 24 shows the microscopic
appearance of the liver of a
.healthy frog.

Stain. Haematoxylin and eosin.

Magnified 600 times.

Rig. 25

Fig. 25 shows the appearances i
died
of the liver of frog No. III whicha
on the 8th day after the injection

of .001 mg of African Cobra Venom

per gramme weight, subcutaneously.
Note extreme congestion and evidence
of degeneration in the liver cells.

Stain - haematoxylin and eosin.

Magnifiied - 600 times.




