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INTRODUGT I ON.

In recent years ths voisons of many of the

venomous orhidia have been examined by investigators

and the results of their observations recorded in a
manner which permits of their being compared one
with another.

The first step in all such work is to be able
toexrress the relative activity of the various poison$

|

ags determined by the minimal lethal dose on various !
animalse |

Pharmacology attained a higher level of
accuracy when this important point was recognised -
an advance which was, I believe, first made by

Fraser in his observations on the action of

| Physostigma ( /. )
Some observations interesting in themselves
as igolated facts are rendered comparatively useless !
for purposes of compariscn by the neglect of i
|

recording the preliminary observations with regsrd

to the activity of the particular specimen of the
active substance used. Thig is mors particularly
the case when observations are being made on the

|

action of substances of which the chemiecal compositioﬁ

is imperfectly known or which vary considerably in

their relative activity.

In/



In order to illustrate this point I may take
the case of a comparison between the lethality of

the venom of the indian cobra determined by Fraser

for frogs and found to be 0,0002 grs- per kilogramme.)

and €2)
«that of a cobra venom used by Noguchl when observing

the effects of venoms on a2 large number of cold

Noguchl
blooded animals. de,states that Rana catesbiana

5 grammes in weight recovered,cnly exveriencing a
slight temporary stupor, after the administration

intraperitoneally of 0,001 gramme . He found that

another of the same species 90 grammes in weight diled |

'in 3 hours and 42 minutes after 0,005 grammes of the

| vennom had been administered in the same manner. The

lethality therefore of Noguchi's srecimen of cobra '

venom must have been between 0,01 gramme per kilo-gramr
and 0,053 grammes ver kilogramme showing therefore
either that Rana catesbiana is much more resistant

Ito the action of cobra roison than is R. temvoraria

| or R. esculenta or that this specimen of poison was
much less active than is usuwally the case. As
!however he does not state the minimal lethal dose

either for warmeblooded animals or for other species

lof frogs we are left in some doubt as to which of

‘these/




these exvlanations is correct.

The chief vortion of this raper being the

consideration of the action of the venom of the

hamadryad I shall confine myself in contrasting its

activity with the venom of other serrents to

cheservations made on the venoms of the indian and

african cobras, and the common krait as these have

been investigated in the laboratories of this

University. An additional reason on my part beingi

that as I have assisted to a considerable extent in
the numercus experiments perfcrmed with these venoms
in the Pharmacological Laboratory, I may claim to

possess a first-hand knowledge of the observations

recorded.

These researches on the venoms of

(a) the indian cobra (naia tripudians) carried out

by Elliot ( 3 ¥ er
(b) that on the african cobra (naia haie) by

Prentice ( L ) “of

(¢) that on the common krait (Bungarcus Coeruleus)

by Elliot and Carmichael in conjunction with

myself fe, =57 ) and that on the

(a) and that on thz venom of the hamadryad

(naia bungarus) rrove that there are certain

features/




features possessed in common by these venoms, but
that each possessss some pecullarities of action;so
that by contrasting the less complicated with the
more complicated we ars ensbled to understand more

' sasily the mechanism of the action of the latter.

These four serpents all belong to the subm

L]

amily Elapinae of the family Colubridae of the

i

|Ophidia. The Indilan and African cobras and the
to

| hamadryad belonga.the the genus Naia and the krait

to the genus Bungarus. This clasgification is that
given by Boulenger in ths catalogue of the snakes

of the British Museum. (&)

The Hamadryad-

The various names by which the hamadryad
'has been known and described are thus given by
' Boulenger WNaia fasciata, Nala Tlaps, Naia ingens,
Neia tripudians variety Sumatrana, hamadryas hannah,
| hamadryas Ophilophagus, hamadryas slaps,
trimeresurus ophiophggus, trimeresurus bungarus

and Ophiophagus elaps. Payrer admirably depicts the

It is one of the largert, if not actually the
largest venomous serpent known and is no less

distinguished/

serpent under the last named title in his Thanatoﬁhidia

(7)



distinguished for its size than for is ferocity ,

It not only defends itself when attacked but

attacks fisrcely when disturbed and has besn known

jo

to pursue its victim with great speed and detsrminatiaon

turning aside for no obstacle. It attains eometimes |

the length of 14 feelt, inhablits trees and devours

other serpsnts, from which characteristics it derilves

artain of its names ( ingens, hamadryas, ophiophagus),

o

Its activity is very great and its aim in striking
very cartain. It therefore enjoys a terrifying
reputation, the effects of which ares well described

(8) .
in a short sketch by Aitken entitled "The Xing Cobra® |
to use its colloguial name. One can understand
therefore the extreme difficulty of obtaining any |
considerable quantity of this venom.

The specimen of venom whose action is described
in this parer was obtained by Sir Thomas Fraser from
hamadryads which were Tor some time kept a2live in
the Materia Medica Department. They did not howsver
eat sufficilently to keep themselves in good conditioni
I have been informed that it is advisable Lo Feed
these serpents by hand once every six days = which
method however [or obvious reasons was not attemptsd.

On one occasion it was interesting to see a

hamadryad/




| of an hour in spite of all attemrts on the part of the

hamadryad swallow a servent supplied to it for food -

|
|
= grass snake (Ptropedonotus natrix ) about ‘
|
sighteen inches in length. The hamadryad made a !
rapid dart across the cage and seized its prey about
the middle of its body. By means of a lateral
movement of its jaws the hamadryad caused the grass .
snake to be passed along until its head reached the
larger serpents mouth. When all dut three inches
of the grass snake had been swallowed its tail was

gseen to have firmly grasped the neck of the hamadryad}

it remained in this position for about three quartsrs

hamadryad to complete its meal and was then ejected
and escaped aprarently uninjured. When the cage was
visited the next day however the grass snake had
finally disavpeared.

The poison of these hamadryads was extracted

fron the glands by Sir Thomas Fraser and given to me

for examination by him. He has most kindly alliowed

me to use my observations for the purpose of this i
thesis.,

The condition of the serpsnts, in confineﬂen£
and through want of sufficient food would lead us to

expect that the venom would be less active than that

of/




of the venom of the serpent under more natural
conditions. It was found to be considerably less
toxic than the venoms of the other three serpents
mentioned above,

Not very many observations have been made on
}th& action of this venom,the researches of Rogérs
I( 9 ) and of Lamb ( // ) being the only ones
known to me. Fayrer and Cunningham previously
had likened its action to that of the cobra. Rogers
found the minimal lethal dose for pigeons to be
0.0005 grammses per kilogramme and states.that the
symptoms produced were quite indistinguishable from

those produced by cobra venom. He observed that

there was little haemolytic action, that death was
prceduced by paralyses of respiration and that this
paralyses ls due to an action both on the respiratory
centre and on the peripheral ends of the phrenic

| nerve, He also observed that artificial respiration
prolonged life for 24 minutes aftsr 0.002 grammes per
kilogramme had been injected intravenously into a

cat during which experiment the natural respiration
ceased twenty minutes alfter the injection,

‘He gives the minimal lethal dose for "a warmeblooded

animal" /



animal" as 0.0008 grammes ver kilogramme, He dces
not state however whether this is true for a cat
as well as & rabbit or pigeon nor does he state
whether he considers 0.002 gramme per kilogramme
administered intravenously a large or a small dose
for a cat. He also observed that with large doses
the ends of the sciatic nerve are paralysed before
death, The researchas of Lamb (12)
into the haemolytic action of the venoms of various

serpents, included the hamadryad which he found to

possess very littls of such an action except under

pde

special circumstances.
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The specimen of the venom was of an orange yellow
colour in fine somewhat glistening fragments, very
solubla in water, the reaction of the solution being
nautral to test«paver-

The minimal lethal dose of this venon was |
Pirst dstermined in frogs and found to bs the same
for Rana temporaria and Rana esculenta, but as the
guantity of venom was not large and the toxicity |
not very zgreat , entailing therefore the strictest
economy of material, the minimal 1lethal dose is not

very minutely dstermined. A very considerable

difficulty was exneriencsd also owing to the length

of time which frogs remained paralysed without !
obvious sign of life- This 1led in some of the
garlier experiments sither to their being considered

terminated unduly early,or to other factors

2 = == Haing introdiced: which undoubtedlyi
|

|
hastensd a fatal result in cases whare, had the animal

been left undisturbed recovery mizht have taken place-

A descrintion of one experiment in which there was
administered a dosz very nearly the minimal lethal
will ssrve to show the general course of noisoning

which obtains under these conditionse,

O



To a2 healthy male frog R. escul enta thirty nine grammes
in weight, there was administered subcutansously at
2-45 p.m. 0,29 C.C. of a solution of Hamadryad

venom dissolved in Ringer's solution. The quantity

of the proison was 0.000117 grammes which gave a doss

of 0.003 grammes per kilogramme. Before the injecfloni
the respiratory movemsnts of the thvoat were 21 in
10 seconds strong and regular- The abdominal movenents

were 15 per 10" and irregular. The cardiac impacts

were 13 per 10" fairly easily seen through the

| thoracic wall, The lymph hearts were beating regular.
ly at the rate of 12 per 10" easily sesn on both sides
of the urostyle, The Reflexes wers all acute. |
10 minutes after the injection the resniratory throat
movements had increased to 24 per 10", the abdominal
| had decreased to 7 per 10", ths lymph hearts were 11
per 10", rather more difficult to sese. The frog sat
| sti1l while undisturbzsd but jumped very vigorously
| when touched. At 3-15 respirations were 23 per 10"
éthe lymph hearts 5 per 10" and seen with great
édifficulty- The cardiac impact was still 13 per 10"
| &% 5-%0 sbdeminal resviratory movements had ceased,

 the throat movements were 22 vper 10" ,still regular,

ibuu?




but shallower; the lymoh hearts were no longsr seen
to be beating. The frog sat quite still but with
head drooring.

At 4 o'clock the respirations had become irrezular
varying from 13 to 16 per 10" some few movements being
deep buat the greater inumbsrvery shallow. The Reflexes
2licited by tickling ths nose or touching the eyes
were guite acute, Stimulating the skin of thz foot by

an induced interrunted current with the secondary

coil 150 mme caused the animal to jump away very

vigorously -

At 4.30 p.m- the resgspirations were 14 per 10"

| irregular, jerky and very shallow. The lower syelid

was beginning to rise over the eye. The same electrical

stimulation caused the animal to jump, but not

instantansously. :

At 4-45 P.m. the rssvirations were 10 to 16 per |

10", the majority beinzg shallow, one or two dseper

| still 13 per 10", No movemsnt of the lymph hearts

movements being visible. The cardiac impact was

was seen and the frog needed a stronger stimulus -i
to cause him to alter his position. After a jump
the legs remained stretchad out and were not drawn
un to the normal vosition for a few seconds. !

At/



At 5-15 p.m. the animal could be placed on its
éoack and struggled feebly but was unable to regain !
its normal position. Stimulation with the coil at
iSO mm. appliedggieral seconds Aw=imiwts=i~xe=<40. produced
ons Jump. There was however strong local contraction |
of the muscles over which the eledtrodes were lapplied,

At 5-20 the head was on the ground, the eyes were

owing
comrletely coveredato the varalysis of the lower
eyelids, but the eye and nose reflexes were still
acute.

At 5-80 the resrirations were very irregular,
never exceeding 8 per 10" with pauses of from 30" to
45" in length, and the movements were extremely feeble,
being indeed confined to the aﬁterior rortion of the |
floor of the mouth. The cardiac impact was easily
éseen, the rate of the heart having fallen to 9 per 10",
Ehe frog remained in any position in which it was

rlaced, the legs could be extended and a pinch of the |

toes caused general feeble struggles, but the animal

was unable to regain the normal vosition. Electrical
' i
stimulation with the coil at 100 produced strong |

local movements only. When the stimulus was applied

lover the spinal cord with the coil at 110 mm- both
|

|
|
I
|
legs were extended but not instantanesously. stimulatio%
|

bf/



| of one leg caused movements of the arms and body and
other leg. when the coil was at 90mm.

At 6-17 only two slight movements of the floor .
of the mouth were observed in 50", The cardiac
|impact showed the heart to be beating at 9 per 1C"
land the blood was seen to be circulatinig very aciiveiy
when the web was examined under the microscorve.
| At 6=30 one respiratory movement was seen during
!2 minutes and at 6.45 there was an absence of all
respiratory movement during five minutes. The eyes
|wers completely closed, paralysis apreared to be
‘ but
|completeA the reflexes =a===+=== were not entirely
?abolished;%ouching the eye caused a slight movement
:of the head and a pinchof the toes caused general
|
ffeeble movements. Stimulation over the spinal cord
\'with the codl at 100 mm. caused both legs to be
iextended.

! At 7-20 ths cardisc impacts were 8 per 10" ,and ths
blood stream very active in the web. No resriratory
movements were visible.

At 9-45 p.m. the cardiac impacts were 5 per 10"

easily seen, the praecordia pulsating as though the

heart were dilated. The animal was completely vparalyse
Mo reflexes could be elicited by the strongest stimulat

{with the coil at zero). The circulation of the

blood/

d.
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-perceptible owing to a cartain increase of fluid

blood in the web was however gquite active.
At 9-30 a.m. on the followinz day ths heart was

peating at ths same rate, ths frog lay motionless, the

blood circulation was active, but no reflexes could
be elicited. Stimulation of the gastrocnemius
muscle through the skin with the coil at 150mm.
causad contraction. of the muscle.
At 5-=30 p.m. the cardlac inmpact was 5 per 10"
and

the blood flow was active,,ths museles contracted

WwhHen stimulated with the coil at 1520mm-

On the third day thse Trog remained in much the
same condition, raralysis was complete, stimulation
over ths cord with the coil at zero causing local !

withouat any
contractions of the muscless A $here was no extension

of the leg§.

On the fourth day thes heart beat was barely

under the skin but it could be made out to be at 4
per 10", The flow of blood in the web was guite
zo0d though less rapide Electrical stimulation gave
much the same results. as on the previous day.

On the fifth, sixth and seventh days the animal

remained in thz same condition, no sign of 1life was

vigible with the exception of an extremesly minute

dimpling/




dimpling of the skin over ths region of ths heart, ‘
the rate was 8 vper 10", the circulation was activse
in the web and the results of electrical stimulation ‘
remained the same.

On the ninth day slight respiratory movenents
wers seen again, the rate 5 per 10", the amount
however mersly a dimpling of the anterior portion of

i the floor of the mouth- Ths cardiac impact 5 per 10"

were very easily seen and on this day ths lymph

hearts were agaln observed to be beating very feebly

absent- stimalation with the strongest electrical

current caused loeal contractions only. With the

at the rate of 5 rer 10". The reflexes were still '

| coil at 149 mm. ths muscles contracted.

I On the eleventh day the resrirations were still

very faint 8 per 10" , the cardiac impacts 5 per 10"

and the lymph hearts also 5 per 10". Stimulation

over the cord with the coil at 105 caused ths legs to

be: slowly extended .

On the twelfth day the respirations were stronger

' reflexes were elicited by the electrical stimulation
: |

the body. A slightly weaker stimulus was reguired |

‘to/
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to rroduce extension of the legs than had nreviously
beeén the cass. A similar improvement in ths various

functions was observed on ths thirtesnth and fourtesnth

Idays, the rssriratory movements bescoming much more

In th=z fifteenth day the resviratory movements
were 21 per 10" the cardiac impact 5 per 10" very
easily seen and heaving in character. The éirculation
was very activs in the web. A slight pinch of ths toe
‘caused vigorous movements of the fore arms and head ,

|but the animal was unable to regain the normal position

if placed on its back. The muecular »nower of the [
|

lower eyelid was recovering the membrane being withdrawn

from the upper half of the eye. Stimulating electrically

onz foot with the coil at 130 mm- the leg was drawn

away Prom the electrodes, with the coil at 100 the

lanimal jumped. After the slectrical stimulation

iit was observed that reflexes could be elicited by ]
| ; i'
ltickling the nose or touching the eyes which before ;
|

the stimulation were apvrarently absent. The msmbrane |
was withdrawn from thes eyes and resriratory movements g

wers much deeper.

‘ On the sixtesnth and seventeenth days thes reflexes

wera/ i




were more acuate. Stimulation over thz cord at 200mm=
!

caused the frog to gather up the previously extendsd

legs and to jump away normally; pinching the toe
gently also caused a jump. The resviratory movements,

cardiac impact and movements of the lymph hearts
were observed to be as previously noted.

The animal moved voluntarily and appeared to
have almost completely recovered.

On the twentieth day it appeared more slugzish !

however

moving about somswhat slowly. it could,regain its
rosition with very little difficulty if placed on its
back. i

On the twenty-first day it appeared more

vigorous, jumpsd well, dut could still be turned on

its back after saveral trials.

On the morning of the twentyesecond day it was
found dsad. When the thorax was opened the heart
was seen to be arrassted in dizastdre. The nerves and |

the muscles responded to zlectrical stimulation.

In this case there was therefore partial -l
recovery, the respiration which had been paralysed I

in about four hours and had remained in abeyance

|
|
for eight days had recoversd. The heart which had }
been slow did not however rezain its normal rapidity!

and/



| the elevznth day, after which the weight diminished

' with regard to the increase of weight of frogs to

| which had been administered doses somewhat similar

and the reflexes which had been abolishsd had !
recovared to a very considerabls extent thoufh they

could not ba said to be sntirely restorsd to ths norma

-

condition. The motor rower did not however recover

to the same extent.

In another frog to which a slightly larger dcse
had been administered the motor power was however
comrletely restored.

In the adjoining table the general results of
the experiments to determine the m.l.d. are given, and
the chief points observed.

There was a considerabls difference observed

in amount according to the conditions under which

they were kept. Wheni the frog remained on a moistened

slate a moderate amount of oedema in the subcutaneous

| tissues ocourred. If on the other hand the animal

was kept on wet filter paper the oedema was considerab?e
in amoanf and on gentiy squeszing the frog a gquantity

of from 2 to 3 C.C. oOf clear fluid could be expressed
daily from the bladder. In the frog(wioss coniition

has besn detailed above )ths weight increased from

39 grammes to 46 grammes, attaining this weight on

steadily until the weight was 35 grammes.
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11.
DETHERMINATION OF MINIMAL LETHAL DOSE BY SUBCUTANEOUS INJZCTION FOR FROGS
Quant ity
dose in wesight ?g ;;gg;es Amount of
SF’ rer OF flow injected. Solution. Result, Remarks.
kil ogr in J:;IE-.S).
0.0001 [0.025 | 0.0000025 1in 0.13 G.G. | Recovery T' =7 ol iahtin
| i e soae ) 1l __affected. ]
0.0002 0.024 | 0.0000048 1in 0.M C.C. | Recovery | Resp. & Lymph
I . it e s e e B Asse Bl vhieaeb asatio e o SEreline
0.0003 |0.030 = 0.000009 in 0.45 C.C. | Recovery | Impairment of
Sl Rl o b motiidiby. - T
0.0004 0,032 0.0000128 1in 0.64 (C.C. Recovery Reflexes impaired.
0.0005 |0.035  ©.0000175 1in 0.875 C.C. Recovery i Imhalrmﬁnt longer
0.00077 0.035 | 0.000027 in 0.27 C.C. ;-Recamery |
0.001 |0.034 @ 0.000034 in o-nqs C.C. | Death . Resp- ceased about
| . 48 hours- Died
| AN NI ; I . 8th day-
0,002 |0.054 | 0,000108 in 0.277 C.C. | Death | Resp. ceased 24 hours
e = Tk S Aol | heart ceased 10th day
0.0021 |0.029 | 0.00n06> 1in 0.62 C.C. | Recovery | Resp. ceased 30 ars,
i | abolished during
e e ] e i | 10 days.
0.0025 0.027 | 0.00007 in 0.7 U.C. | Death | Resp- ceased 18 hrs.
T SBpe AR & | heart ceaded 7th day. |
0.003 |0.039 | 0.000117 1in 0.29 C.C. | Partial | Resp. ceased 7 hrs.
| Recovery | suspended 8 days.
i T = | Death. | Died 22nd. day.
0.0035 0,036 | 0,000126 in 0.3l C.C. | Recovery | Resp. ceased 7 hrs.
| { | Abolished 12 days. .
el Mok g | : | Well on 25th day. ~ _ |
0,004 10.040 | 0.00016 in 0.52 C.C. | Death | Resp. ceassd 12 hrs.
o L ARl N | | Death 7 days.
005 | 0,051 | 0.000255 in 0.25 C.C. | Death | Resp. ceased 4 nours.
| gi j Hsart csased 12 days.
0.01 1 0.041 | 0.00041  in 0.41 C.C. |Death | Resp. ceased 3 hours.
; | | Heart Chased 9 days.
0.02 0.046 | 0.00092 in 0,31 C.C.  Death f Resp. ceased 5 hours.
I - ~ @ . i Heart coaged 4th day.d
0.03 [0.04 | o0.0022 in 0.04 C.C. |Death ' Resp. ceased 3% hours
U j heart cz2ased 3rd day.
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Mmalysis of those experiments to determine the M. L.D.

"~ Dose in grémmés"'l I I I W A T ey :
rer kilogramme Respiration t Heart l Lymph Hearte, Reflexes | Welght Rise of lower eyelid.
| i -— - — e ——— —_— = — — e
e = 5 _8 e ﬁi'_c_d_-;;’»_th_d_m_' _Ge wed in & Gradual impairment | Inc. from 34 Complete in five hours.
- i ease ay. | a . i ,
0,001 | Ceased in 48 hours | y I i | abolished on Bth day. | to 60 grammes. J
| |‘ ] e ] 1
| . i EFS L g : ol
g.002 || TInc. 24 to 2B in 2 | Ceased on 10th i Ceased in 4 Abolished Sth day | inc. from 57 | Gonpiats in B hours.
| AgaER, f a8¥% f Gource ' | to 42 grammes |
Ceased in 24 hours. | . Rearreared | | i g g
|: t Tth day. Il‘i |
: Lo .. n o Bl g e o
0, 0025 T:_bease&qin 18 nours i Ceased 3th day. ﬂ Ceased 5 hours. @ Abolished 5th day. Inc. from °7 Complete in 8 hours.
. g ! || Reapvreared t 45 =m0 wos Il
f | : grammes. |
! ' | Bth Day. | | , s. ||
' ' Il il ]| | Je L
0.003 ; Inc. 21to 24 in 1 houﬁ“"Ceaseﬁ_QQHd day. | Ceased 45 1 Abolished on 2nd day. | Inc- from 39 Complete in 2% hours.
| Ceased 4 hours. f ! minutes. - I8 g e
|| Reapresred 9th day ; | Reappearead | | :
. Ceased 22nd day. 1 | 9th day. ;
PR Hik B =
0.004 i Ceased 6 hours. Ceased 4th day Not observed. i Abolished on 3rd day. : ‘ Complete in less than 6 hours.
0. 005 ‘ Ceas=d 4 hours. Ceased 12th day C;ised 1% hour Abolished on 3rd day. S e A e
reappearance. to 70 grammes.
0.01 | Ceased 3 hours. | Ceased 1Cth day. ! Ceased less ': Abolishad between 58 Inc. From 41 Comnlete in 1% wouks,
than 13 hours. | and 18 hours. to 55 grammes.
0.02 Ceéséd 4_ﬁburs 20 Ceased 4th day. Not observed. é' ~ Abolished bhetween 5 ‘ Gomplote betwesn 2 and 3 hehirs
minutes. i and 24 hours. i
l 1= o me e _f-- - - — - = T
0,03 Ceased 4 hours ceased between Not observed. } Abolighed in 5 hours. ; Complete in 4 hours.
&8 and 8C hours '
0.1 || ceased % hours || ceased 3 hours Not observed. ! Comrlete in 730 minutes.
e e _ 2 e o= M E b
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Analysis of thoss
in which rscovery occurrasd.

exnreriments to

-

Dogse in grammes

per kilogramme

0.0001

0.0002

0.0003

0.0004

0.00085

0.00075

. 002

«0035

{ Respiration

i :
Slight diminution in
rate, strength and
regularity.

| Dim. from 24 to 4 in |

3% hours.

Inc. 20 tbﬁﬁz;"ﬁim.
| o0 to 8 in 48 hours.

| Ine. from 15 to 23.
Dim. 22 to 5 in 4
‘ days.

| Ine. from 17 to 24.
| Dim. from 24 to 5
i in 24 hours.

in 3 hours., cesassd
in 30 hours and

| during ten days,
reappeared on 12th
day

Inc- from 21 to 26
ceased 7 hours-
Begun 18 days.

pim. from 18 to 10 in
| 3 hours. 28 in 15 days

Heart

'Sliéﬁt-diminution:
| in rate.’ '

determine the m.1l.d. for frogs

Lymrh Hearts.

Invisible in 3

nours reappeared
in 24 hours,

' i
Slight diminution
in rate.

|
| — 1=

Dim= from 13 to & |
in A% hours.

Tnvisible in 3
hrs. reappeared
in 15 hours,

Invisible in 3
hrs- invisible

, Tor three days,

| Dim. from 12 to 4 |
in 57 hours.

Invisible in 3
hrs. Ianvisible
for 72 hours.

{5&5:_§;om_5_go 5
| in 3 days.

Invisible for
5 days.

| Dim. from 3 to 5
in three days.

Invisibls for
A days.

| pim. from 10 to 5

Invisible in
2 nours, remained
for 4 days.

————

Dim. froma 10 to 5.

Disarpearaed in
o8 minutes.

raappeared o
1oth day.

_.————'—__-'_——.‘-_ =

Reflexes

unaffected

unaffected

Impaired from
2rd to 8th day.

[mpairsd for
14 days.

Impzired on 3fd.
day to 8th day.

Yeight

unaffacted

unaffected

Rise of lowsr eyelid.

Tna®fected.

nnaffected.

mnzaffected

Inc- from 32 to 40

unaffected.

(@] R+]

covered on 4th day.

Inc- 35 to 49.

W

§ on 4th day

Marked impairment

Strongly affected
in 5 hours. Impaired
for 13 days

Abolished in 24 hours
Reappeared 138th day.

Inecs

Inc.

Inc.

723 to 42.

29 to 38.

25 to 80

Nearly complste.
on 3rd day.

Complete onn 3rd day.




From the table of doses given to dstermine the
ninimal lethal dose it may be observed that though
death ocecurred after the administration of 0.001
grammes per kilogramme yet that recovery occurred
after 0,0035 grammes per kilogramme had been given
and that therefore we must look upon the dose of
C.004 asthe cértain minimal lethal dose for frogs.
At the same time the recovery from 0.0035 gr. P.K.

is probably exceptional.

The symptoms of poisoning which follow the
administration of from 8 to 10 times the minimal
lethal dose by subcutaneous injection do not differ
very markedly ,exceprt in point of duration of the
symot ons,.thosedetailed in the frog poisoned with
aboutthe minimal lethal dose. A male frog
(R. esculenta) of weight 40 grammes was injected
at 10.45 a.m. with 0,03 grammes per kilogramme.

The respirations previous to the injection were 14
par 10", At 11-10 the respirations were 16 per 10"

and at 11-30 had increased to 17 per 10™. The

frog was sitting up with thes head raised and the eyes

well open .

At 11- 55 the respirations had fallen to 14
per 10"/

/r
F L%
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per 10" and wers irrsgular-both in volume and

rhythm. At 12=30 p.m. the resrirations were 3 in
|

30 seconds and had ceased at 1.18 p.m, At 2=5b De M)

|
thz head was resting on ths table, ths eyes completely
|
closed and the frog could be laid on its back. If |

|
The cardiac impact was seen to be heaving in
character and of the rate of 6 per 10", At 4.30 p.mﬁ
thes animal remainsd in any position in which it was
nlacad, At 5.12 p.m. there was complete paralvsis;
the cardiac impact was still 5 per 10" and the
circulation as seen in ths web under the microscore
very active. The condition remained practically
unchanged during the two following days with the
excertion that thes circulation was somewhat more
sluggish through the vessels in the web. On the
fourth day ths circulation a==Z==%=ceased, no cardiac
movement was rerceptible,and,when the thorax was
opened, the heart was seen to be motionless in
extreme diastole, purpvle, distended with dark fluid

blood and resvonding to no stimulation. The ‘

gastrocnsmius muscle gave a minimsl contraction when

stimulated dirsctly by an induced cuarrent with the

secondary coil 280 mm. from the primary. It contracted

-

also/




also when the exrosad sciatic nesrve was stimulated
with the coil at A0 mm.

In all the experiments verformed to determine
the minimum lethality of thé venon on frozs the
respiration was observsd to be rrimerily affected. ;
After a transient stimulation the respiratory movew |
ments gradually became lessensd in force and irregulaﬁ
in rhythm, interrunrted by long pauses until they
ceasad completely. The heart was comparatively
slightly affected with the smaller doses, but during |
the cessation of respiration the ranidity of the rate
was diminisheds When sufficiently large doses were
administered which arrested the heart it was i
invariably found to be arrested in a condition
of more or less extrsme diastole. The lymph hearts
ceased comparatively early in the zreat majority of
the experiments and remained in abeyance for
approximately the same length of times as 4id the
respiratory movements. The reflexes were always ;
markedly interfered with and motor paralysis was i
generally complets. During the period of paralysis,;
while the respiration was abolished,with the exceptioh
of that through the skin, the circulation was always

fairly active through ths vessels in the web which

were generally slightly dilatsad. The blood which

was/ |



wes examined in many of these experimeiits both

microscopically and by allowing the serum to separsate

in capillary tubes never pressnted any symptoms of
haemolysis. The coagulability was neither delayed

nor hastened. e have therefore to deal with a
venom whose action is mainly exerted on the nervcous
system. The action on the heart; blood-vessels and

blood being very slight in amount.

ACTION ON MOTOR NERVE ENDS.

It was thcught advisable tc investigate

the activity of the ends of the motor nerves at
various stages during the action of the poisoning.
The condition of the froegs so closely resembled animal
under the influence of a poison like curaras that it
appeared to be advisable to investigate the activity
of nerve ends.

Experiment 18.

Seven frogs were weighed and to each as
nearly as possible at the same time there was
administersd a qﬁantity of venom by subcutsneous
injection equivalent tc a dose of 0.003 grammes per
kilogramme. The frogs were killed by destruction of
the cerebrum at different periods during the peisconing

th

1]

sciatic nerves were then exposed and the contracti

A

of

oIl

22



of the gastrocnemius observed when the nerve was
. stimulated electrically by an interruvted current.
. The cbservations in each case were made while complete
| motor paralysis supervened. The following table

|

' gives the results oBtained: The figures reprresenting
the distance beyween the secondary and primary coils
" in millimetres. The weakest current requisite to

produce complete contraction of the gastrocnemius

| was noted.

DURATION OF POISONING.

e = e o e e S e

ond “d's;i}”@ii{ da_y! 5th day| 5th day|7tn dey|8tn|day. [18th asy
Frog 1 - | 985 :: l,' | | |
RS e ii | . 50
gt B STl Ul .
R E % i 5 250
I ESIOETREE L W el el |

The three last frogs were slightly recovering
from the effects of the poison,respiratory movements
being again perceptible. Thus during the whole period
of roisoning the sciatic nerve though distinctly

impaired/




impaired did not appear to lose entirely its power
of responding to electrical stimulation,

The quantity of venom circulatingi?he blood
when a dose of about the minimal lethal is
administered may be estimated at about 1 part in
batween 20,000 and 30,000 parts if we estimate the
blood of the frog to be about one tenth part of the
body weight.

xperimsents were performed to determine the
effect of the poison on the nerve ends when the

tissues were kept in contact with solutions of the

venom rather stronger than this amount.

During these experiments stimulation of the
muscles at various periods did not seem to give
much evidence that the muscles themselves were
markedly deteriorated. Experiments were also
performed to test the activity of a solution of
the venom kept in contact with the muscles and
similar solutions on the involuntary muscle in the

walls of ths blood vessels.

/-



Frog rana temporaria, weight 30 gremmes. (Control,
Time -“'J-;{er've_-n Muscle F Time Nerve Muscle
i
| 3247 | 345 1907 | B 35 350 190
12,15 1 370 210" - | .68 | 350 185
118 | ==0 180 | 7.55 | 350 195
|
2.23 | 330 220: 8. 20 360 165
|
2.58 | 325 210 - | 9:.25 pm 350 170
| aoth July
4,4 350 Y0l 9.20 am 250 175
4,50 | 335 195 4,7 pm | 205 160
6th July.
5.15 |. 340 190 54 35 195 130

Sxperiment 19.

esposed and separated with as long a rortion of the
sciatic nerve attached as it was possible to get.

One of these nerve muscle preparations was placed

The gastrocnemius musclesof

in normal saline solution CwBES pver cent .

excitability of both muscle and nerve was detefmined
by observing the minimal contraction of the muscle
first when the nerve was stimulated and secondly
when the mustle was stimulated.
supplied by breaking the current obtained from a
Du Bois Raymond induction coil.

referring to the distanee in millimetres between

the primary and secondary coils.

July 4th 1904,

Laboratory tempsrature 620 B

a frog were

The stimull were

The figures

2 8.



ﬁui%};é- -§é;;;m"?ﬁﬁ;cle E Time  |Nerve Muscle.
11.35 | 450 - 220 I 5.0 360 190
12.13 é 450 i 230 ! 5.18 355 190
1.5 450 | 230 e Amn 385 200
| 1.18 | 480 | 240 8.58 | 380 180
2-93 | 495 285 | 7.45 340 180 |
2.46 | nerve | 9.25 pm 350 175 |
:p%aced i ;ith July
| “dn | | 9.20 am 290 155
; poiscn ‘ %} ‘
| 5157200 | 190 | 4.7 pm| 2w 145
| 3.50 380 ' 205 | 5.35 " | 270 150
4,35 | 370 f 190
L oo M s ~slvet T S L

The other nerve muscle preparation of the same
frog was treated in the same manner, the excitability

of the nerve and muscle respectively determined and

the nerve then removed from a normal saline solution
and placed in a solution of hamadryad venom in 0,65

rer cent saline of the strength of 1 part in 10,000.

In this experiment therefore the conductivity
of the nerve was not appreciably affected in 7 hours
and only patrtially diminished during its immersicn

in the poison for 28 hours.




Experiment 20. |

On the same day another frog weighing 32 grammes |
was killed and the gastroccnemius muscle with its {
corresronding sciatic nerve prerared in the same
manner. In this case however the muscle was

immersed in the roison solution the nerve and the

muscle being rereated stimulated as before described

Time

”““ﬁE?Gé’"T_ﬁiséie Time Nerve ﬁﬁécle.
T2 L0 390 | 220 7.158 0., 180
i
12. 20 410 ] 190 8,10 0. 190
1.14 370 L~ 2310 | 9.25 pm 0, 170
| 5th July | _
2=23 365 |« 220 920 am | " 145 ’
| muscle
| placed in| 11.25 " 150
. poison.
: 12.22 g 125
| 15,30 380 5 215
| | | 220 g 110
| 3.35 ' 95 ' 180 ,
3. 10 1 100
| 4.8 80 210
; 4,10 p 100
| 4.45 | 00
4.45 _ 0 2 5.15 = %
B.A8 S N0 | 190 5. 35 " 0
lsBrae [0 185
In this experiment the muscle cezsed to contract

'when the nerve was stimulated after its immersion ‘

for 2 hours: The muscle itself did not lose its !

contractility entirely , however, until it had been

| immersed for 28 hours.



'We may conclude from these experiments therefore

that in this strength of solution the nerve ends are

' nerve trunk

With a

in the last

| not very different.

Experiment 21.

Two muscle nerve preparations of Rana temporaria

| weighing 29 grammes

is practically unaffected.

Ath July 19:08.

experiment, the effectsprodiaced

was poisoned and the muscle of the other.

after a considerably longer preriod of time while the

solution twice the strength employed

are

were treated in the same manner.

After the normals had been taken the nerve of the one

Time

11.52. |

3

3. 55

_INIQI'VE}
330
380
415
415
400

378

| nerve

placed
in

390

440

poison

Muscle

Time Nerve
4, 22 430
5. 425
5. 35 425
5. 10 360
9,10 320
10, 35 350
7th July i
8. am 285
9. 35 230
noon 280

Muscls

the first to be affected, the muscle 1s also affected




i Muscle Tiﬁ;’ Nerve Muscle,
10. 50 295 | 170 12. 25 350 150
10. 58 390 i 180 12.38 | 360 150
11.5 370 | 160 12,47 30 160 |
11,30 | 380 | 185 12,49 | 40 150
{ muscle
1,28 | placed 12. 50 30
in
. ' poison 12,53 0 150
I |
11,42 i 360 180 12,54 0 140
11,65 | 380 175 4. 730 " 170
18,5 330 2n0 7. 30 " 150
12,18 ; 360 | 170
! [
oo [ Sk s e AN AT It

The readings of the nerve muscle rreraration
in which the muscle was placad in ths solution of
1 in 5,000 are as followssm

The effect of this solution is therefore at
first to slightly increass the sxcitadbility of the
nerve which is poisoned, but that directly the
poison reaches the nerve ends it appears to destroy
théir power of conducting the nerve impulses.

Practically no effect was produced on the muscls

in 7 hours.

i '
7 g



In these experiments we find that though the |

motor nerve ends are decidedly affected when kept in

prolonged contact with a strong solution of the
poison,yet that in conditions of poisoning when a
‘dose has besen administered which is nearly ten times
the minimal lethal dose,or 30 times the amount of a '

dose which can, but not with certainty, produce

‘death that "the motor nerve ends maintain their

(4]

xcitability till after respiratory failure, arrest
of the heart and paralysis of motor and reflex

|
sxcitability. '

To a frog weighing 30 grammes 3 milligrammes of
| |
|hamadryad venom were injected subcutaneously, dissolved

iin #5 cc- of Ringers solution.

| This is equivalent to 0,1 grammeper kilogramme

|The respirations ceased in half an hour, the reflexes
|

‘were abolished and the heart was arrested in three
‘hours, The animal being dead, the sclatic was
‘exposed and stimulated and the gastrocnemius was
‘Observed to contract with the coil at 370 mm. The

contraction of the gastrocnemius was not sufficient

+ 1 o =
iuo move the leg, but the stimulus was obviously

‘therefore?
|




therefore conveved to the muscle. We may conclude
that even with such an enormous dose ths motor nerve |
ends are not paralysed befors death occurs as is
stated by Rogers. | }

In order to determine the action on the ;

|

skeletal muscle more definitely than ean be done !
by stimulating the muscle while it is lying in a
solution which necessitates aprlying electrodes to
various portions of the muscle it was arranged that
automatic tracings should be taken. Two crank
myographs were arrangsd ths one above the other .
To the cork plate of each was secured a glass tube
largs enough to hold a muscle without its touching
the glass. One end of the tube was closzd by a
cork through whicn passed a platinum hook. The
levers of the myograrhs the weights to be 1lifted |
and the stimulations supplied to the two muscles
were as nearly as possible similar. Indesd’ 1in the|
|
case of the stimulations the current from the

Secondary coil was taken through both the muscles.

In order to stimulate with suffit¢ient frequency .

and regularity in order to elicit a comparatively

rapid result the current was broken in the primary

|
|
circuit automatically by a clock onea every five
seconds~-/
|
|
|



|ths Tfenmur, The muscle was held by means of this in |

[Simultansous records could thus be taken of the two

of the strength of 1 in 5,000,

‘were isolated from the animal having at the ons. end the

seconds. A key was placsd in the circuit to shut

off all stimuli when necessary.

Experiment 23.

The gastrocnemil- of a frog weighing 28 grammes

tendo achillis and at the other a small portion of

the tubs by the platinum hook. To the tendon there
was attached a thread to be carried to the lever of

the myograph. The tendon was also perforatsd by a

(=1

fine platinum wire which served as the opposite
gslectrode and the other end of which was connscted

with the platinum Yook which held the second muscle.

muscles under conditions as nearly as possible the
same.

The shorter limb of the lever was 18 mm. in
length and the longsr limb 140mm. The weight of 5
grammes was suspended at the distance of 30 mm, Ffrom
the fulcrum. Ths muscles were placed in Ringer's
solution antil a normal had been taken after which
the Ringer's solution was removed from the lower

tube and its place taken by a solution of the poison




‘duration followed during which time the poison was

On Plate 1 will be seen the modified fatigue
curve of the two muscles under these conditions. The |
upper muscle was kKept throughout the experimsnt in
unchanged Ringer's Solution and is spoken of as ths
unpoisoned muscle. The lower muscle after ha\_ring
been stimulated for 5 minutes at intervals of B seconq
with the secondary coil at 80mm. in order to obtain
a record of its normal contractility was poisoned
as has been described. The record of each twitch
was taken on a slowly revolving cylinder, revolving

alt th

@

rate of about 20 mm. in & minutes.

e |

ig I. A. shows the normal contractions at the
beginning of the exveriment before the poison was
applied to the poisgoned muscle. The normal
contractions of the other,unvoisoned,muscle are not
shown but were identical with those of the muscles
ag yet unpoisoned shown in this Figure. After the

rereated stimulations a period of rest of & minutes

placed in the lower tube. At 12,11 the second serileg
of stimulations was regiatered;(B) at 12.21 the tiird
series (@): at 12.3%1 the fourth series (D) at 12.40
the fifth series (E) at 1.1 the strength of the

stimulus/

3]
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stimulus was increased the coil being moved to 63 mm.
in order to elicit the maximun - contraction without
nowever causing a contraction to take plaee both at
the making and breaXing of the current. The upper
line shows the contractions of the unpoisoned muscle

the lower those of the polsoned.

Fig= 2 C. and D. at 1.20 and still mors markedly

at 1.30 the contractility of the poisoned muscle
aprearad to be lessened,that this was due however,
to an interference in conduction rather than in
power on contraction was seen by at 1,40 increasing
the strsngth of stimulus to 55 mm.

Fig. 2 E. shows that thes relative contractilit
of the two muscles is not very different. From 1.45

imuli were administered, but the muscle

ck

to 3,20 no g
was during all this period in the poison. At 3.20
.30, 3.40, 3.50 and 4.0'clock the muscles were
again stimulated +the strength of the stimulus being
again increased at 4 o'clock to 40 mm.

Fig. 4. A. shows the curve obtained under these
conditions. At 4.20 the stimulus was again increased
to 30 mm. and at 4.30 to 20 mm. During all this
period the muscles show evidences of fatigue not
very markedly different the one from the other. The

unpdisoned muscle however, being slightly the more

effficient of the two.

|
|
.




. At 4,30 the poisoned muscle ceased to contract a

little sooner than the unpoisonsd, At 4,40 when

the stimulus was the maximum the coil being pushed

down to zero the unpoisoned muscle was seen to _
had |

contract when the poisonedifLéeased and at 3.48 ;

| Fig 4. F. the unpoisoned muscle still szave a |

perceptible contraction while the poisoned gave: nane. |

This experiment shows therefore that the effect of

the poison is tc slightly hasten the normal dsath

by fatigue of the muscle.

In the next expreriment it was thought

; convenient to ksep the muscle for a longer period

of time in contact with the poison and to stimulats

| less freguently. The ovportunity was taken

therefore to record the individual contractions on

a more rapidly revolving cylinder. The stimulations

were produced by the breaking of the current by

| means of a key fixed to the axis of the rsvolving

cylinder. The rate of the cylinder was about 200 mm.

| per second and the time was recorded by a tuning

Pork vibrating 100 times in the second.




_Experiment 24- Plate II.

On 31st January 1976 the temperature being
58%F- at 2-30 Pem. the two gastrognemii of Rana

|

esculenta weighing 41 grammes wers prreparsd. These |
wers attached to the myograrhs in the same way as in
the rreceding experinent the levers and arvangement I
of weight was the same. The stamuli were provided
by the induced current supplied from a bichremate
cell and Du Bois Raymond coll.

At 3.22 the first stimulus was applisd with the

coil at 90 mm- The twitch recorded may be seen
on Plate 2 Figure I. the upper of each pakr of
tracings being the unpoisoned muscle the lower the
poisoned. At 4.10 the Ringer's fluid was removed
from the lower tube and a solution of 1 in 5,000 ‘
hamadryad venom replaced it. At 5.15 that is |
55 minutes after the poisoning a contraction was !
again registered. The poisonad muscle showing a ;
very slight diminution in the height of the curve, ‘
Contractions were elicited at intervals as nearly

as possible of an hour. Those recorded howsver be;ng?
those at considerably greater intervals. At 10.40 |

a.m. on the Pollowing morning that is 183 hours

afterf

SHY
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after voisoning contractions were again registered

and Figure IV. shows that produéed by the same strength

of stimulus as was employed up to this time

At 11.40 that is 19% hours after vpoisoning., At
6.10 26 hours with the same stimulus (Figure 6)
the poisonsd muscle contraction is distinctly less
than that of the unpoisoned but ths period of
contraction practically the same. The muscle
contratts rather less rapidly than does anormal
muscle, At 9,15 p.m. the same stimulus produced
very little response from the polsoned muscle,

that is 29 hours 17 minutes after the poisoning

had commenced. On the following morning (2nd Feb. )

the poisoned muscle 4id not contract when stimulated

with the coil at 60 mm. At 11.20 a.,m. with the
coil at 20 mm. the poisoned muscle gave but a small
twitch and at 12.40 that is 44% hours after
poisoning with the coil at 10 mm. a barely
perceprtible eontraction was produced . With this
same strength of stimulus the unpolsoned muscle

gave a very vigorous and prolonged contraction.

With the coil at 50 and even at 90 mm. the unpoisoned

muscle gave a good contraction taking into consideration

|
he length of time it had been separated from any

blood supply. /

A



blood supply.

We may conclude therefore from this experiment
that esven in this strength of solution which
renresents approximately five times the minimal
lethal dose +that the action on muscle is barely
percentible in 24 hours and that the action 15
in the direction of simply-nastening the normal

death. of the structure.




| distinet evidence of a constricting action had been

- elapse between the destruction of the nervous system

' and the perfusion of fluid through the vessels and

ACTION OF THE VENOM ON BLOOD VESSELS.

During the rrogress of poisoning though
the circulation was not very strongly affected yet
as there has been proved to be a*slight action on
the voluntary muscle it was thought necessary to
investigate the action on involuntary muscle and to
verfuse solutions of the venom throught the blood
vessels of frogs, the nervous system of which had
previously been destroyed. An additionats reason
for these experiments being that in the case of the
alliesd polsons of the cobras and of the krait
obtained. Indeed in the case of the indian cobra
Elliot had recorded an effect produced by extremely
dilute solutions. He states that perfusion by a
normal saline solution nroduces a dilating effect
and he used therefore as his normal solution Ringer's

fluid. I am not able to agree with his statement ,

my experience after having psrformed a very largs
being

numbsr of such experiments ,that when the conditions

are carsefully regulated with regard to the time == |

which is allowed to

provided/

G
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provided that the vessels are not in a state of

active constriction at ths beginning of the perfusion

the effect is invariably
one of slight constriction, In theses experiments
I have used as a normal solution a normal saline
' (0.85%) of pure sodium chloride in distilled water.
On Plate 3 I have recorded two experiments
;performed with the normal solution alone in which the
solution was perfused for 140 minutes. In the first

of thege the flow was a somewhat rapid one in ths

second the flow was at the rate of about 2.5 ceC. Der |

'minute-at the commencement of the experiment and 1.5
|

|C.c. at the end. This is the condition which most
often obtains and is most satisfactory for eliciting
either a constricting or a dilating action. The
imethod of performing the exreriments was to destroy
the brain and srinal cord of a frog, to expose the
'heart by removal of the sternum, to cut the venae
cavae across and to allow the blood to drain away.
A period of at least half an hour{generally one hour}
was allowed to elapse between the destruction of the
nervous system and the exposursoof ths heart. An
‘essential precaution is to mostlthoroughly destroy

'the whole of the spinal cord. Where this is too

;rapidly/
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raridly done or perhaps incompletely Jiscrepant
rasults in the subsequent perfusion may be expected.
.A ligature having been nassed-under 2ach aorta a
cannula is inserted into the one and tied in position
the other aorta being closed by its ligature. The
fluids to be rerfused .are placed in Marriotteg
flasks and these are connected with the cannula by
means of glass tubes, The fluid escavping from the
cut veins is collected in graduated measures the
amount passing in each minute being accurately noted.
The normal solution is allowed to perfuse until any
| blood remaining in the vessels is displaced. The
reading of the flow is then commenced and a normal
taken for 20 minutes.
P
ggperlment 25.
On 27th of May 1904 a frog R. temporaria

|

‘weighing 40 grammes the laboratory temperature being
!55°F. was prepared as above described. The height

|

of the fluid in the flasks was six and a half

|
| inches above the level of ths heart. At 12.26

the flow was observed to be 4.2 c.¢, Dper minute
iIn 14 minutes, 22 minutes, 48 minutes, 74 minutes
. and

| 92 minutes, 104 minutes, 115 minutes,al32 minutes,

the same flow was reBisteresd.




Certain intermediate readings showed slizht oscillations

but the general effect was to show that the calibre
of the vessels remained practically unaltered .
Experiment 26.

|
i
In the second experiment No. 26 on 5th July 1904

on a frozg weighing 27 grammes (laboratory temperaturs
59°F.) under precisely the same conditions Witﬁ
regard to arparatus and prevaration the initial flow

|
was 2.5 CeCe and remained at that lsvel for 483 ‘
minutes. It fell to 2 c.c.’ in 70 minutes remained |
at that level till the 100th minute, fell to 1.5 c.c.'
in 120 minutes and remained at that level till the

termination of ths experiment.

The third experiment whose curve is plotted

on the same plate (experiment 27 ) was one performed
with hamadryad venom dissolved in the normal saline
to give a strength of 1 in 10,000, As in this case
the initial flow was the somewhat large one of 3.7 c.q.
it should be contrasted with the first of thes two

normals. On the 13th July 1904 0.01 grammes of

D

|
hamadryad venom was dissolved in 100 c.c.’ of ‘
0.65% salines. The weight of the frog was 25 grammes |

o)
and the temperaturs 72 PF. The following are

the readings observed.



20 minutes
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Experiment 28,

This experiment was performed under the same
conditions excepting that the temwperature of the
room was considerably lower. The frog R. esculenta |
of wdight 42 grammes was treatesd in exactly the !
same manner after a normal had been taken for 37
minutes a solution of hamadryad venom 1 in 1€ ,000
was perfused for 2 hours. As the general result
wag almost identical with that of the last experiment
it is unnecessary to detail the various readings.

The flow commenéing at 3 c.c.' per minute

oscillated somewhat and at the end of two hours

was passing at the rate of 2 c-c. ' . per minute.

We see therefore that in this strength of solution
the action of the venom as a vaso constrictor is
l1ittle more if at all than that of the normal solutig

in which it is dissolved.

Experiment 29.

It was determined to perfuse the vessels with

a solution of twice the strength of the foregoing

but «=<= no greater result in the direction of
constriction was observed.
The weight of the frog was 24 grammes and the

| o
glaboratory temrerature 66 F.

n
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From these exreriments we may conélude that the
hamadryad venom in any quantity in which it is likely
to be present in the blood of an individual bitten
by the serpsnt is not likely to produce any effect

by a constricting action on the walls of the vessels.

In the accompanying diagram I have illustrated the

differente between the effects producsd by the

| hamadryad venom in the strength of 1 in 5,000, |

and
1 in 10,000 and 1 in 50,000.from®the effects produced

by the African Cobra in a strength of 1 in 46,000
the Indian Cobra 1 in 50,000 and the Krait 1 in 50,000
From this diagram we can easily see that the
constriction produced by the African and the Indian
Cobra venoms are practically identical and that in
a similar strength the poison of the Krait constricts
vessels rather more rapidly. At the gsame time it
nust be observed that weaker solutions of both
African and Indian cobra venom produce a constricting
effect which was entirely absent in the specimen of

krait venom in similar strength.
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. ACTION ON REFLEX CONDUCTIVITY OF THE GORD.

In the experiments in which the minimal lethal
dose was determined the reflexes were observed to
be abolished at intervals of time proportional to
the size of the dose administered. In some of
the experiments in which the sciatic nerve was
exposed and stimulated after the reflexes had
digappeared it was fowmnd to be still: active.
It was advisable to investigate specially this
roint taking care that the poison did not affect
the motor ends by ligaturing the vessels of one

leg.

Experiment 30.

On 21st May 1905 with a temperature 54°R. a
male frog R. temporaria weighing 23.5 grammes
was killed at 11.30 a.m. by destroying the brain.
The cord was cut through behind the condyles. At
11.48 the frog was suspended by a hook through the
chain and the reflex activity determined by dipping
the feet alternately into a sclution of dilute
sulphuric acid of the strength of 1 in 1000. : The
time which elarsed before the foot was withdrawn
was noted. The acid was instantly and completely

washed away from the skin. The foot was immersed

to/




t o as nearly as possible the same extent on each
oceasion, At 11.50 each leg was withdrawn in 7
seconds. At 11.59 the withdrawal took place in 5
seconds. This remained constant till 12.30 when theI
vessels of the left leg in the thigh were exposed i
and occluded by a ligature. The web was examined ;
after the operation and the circulation found to be

conplately arrested in the leg which had been

ligatured but guite active in thé uninjured leg.
At 1 o'clock the reflexss weee tested by means of i
the ac¢id. At 1.5 the left leg was withdrawn in 6 ‘
seconds, the right in 5 seconds. At 3.15 both
lege were withdrawn in 4 seconds. At 3.30 the left i
leg was withdrawn in 4 seconds, the right in 3
seconds. At 3.48 0,235 C.C.'® of normal saline
solution containing 0,001175 grammes of hamadryad
venom were injected subcutaneously into ths dorsal i
lymph! sac. This dose was equivalent to 0.05
grammes ver kilogramme an amount which misht be

expected to affect the reflexes in 4 or £ hours.

The effects observed will best be seen by

the following table.




Ca

Timeﬁ Left Leg Right Leg.
5 rrotected. unprotected.
12,15 : 5 seconds 5 seconds.
12.30 | Vessels ligatured|
218 4 seconds 4 seconds.
3.48 |Poison injected subcutaneously.
| 35 B2 2 seconds 3 seconds.
4. 2 4 3 o
4. 0 | ) it | 4 X
5. | 3 " 4 "
| 8.30 | 7L 4
| 8. | 4 " 5 "
6.10 | 4 " 5 o
8. 20 5} " 74 2
8. 40 5 - 7 "
6. 50 | 7 " 9 &
7. | 8 " 10 "
7.10 | 5 jerked 8 jerked
: | 12 withdrawn. 15 withdrawn.
| 7.20 || 5 jerked 5 jerked.
| 14 withdrawn 18 withdrawn.
7.30 | B jerked 8 jerked
| 15 withdrawn. | 18 withdrawn.
7.40 | 5 jerked. 8 jerked.
I 19 withdrawn. 18 almost withdrawn.
7.80 [ & jerked. 10 jerked.
i' 40 almost not withdrawn.
i withdrawn
| 8,30 | 8 jerked 13 jerked
! ([ 16 withdrawn not withdrawn.
8.55 | 9 jerked.
J not withdrawn| 13 jerked
@ not withdrawn,
next day No response No response.
12 noon.|

At noon
thhe sciatic nerves were both exposed and stimulats

ithe right gave no resnonse with the exception of &
}Slight contraction of the thigh muscles with the coil
at zero. The sciatic of ths protscted leg caused the

gstrocnemius to contract when stimulated with the coil

iat 330.

a

g



In this exprerimsnt we see that the rsflexes

| diminished very nearly equally on both sides up till
7.40 p.m. that is about 4 hours after the injection
|After this period there was a loss of power to

withdraw the Tfoot to which the poison had had

unrestricted access. 5 hours after roisoning neither

foot was withdrawn thoggh the sciatic nerve on the

' protected side had its ends intact. We see therefore
|

| that the abolition of the reflexes is due primarily
to an action on the cord. The nerve ends are

roisoned suabsequently.

Experimen} Sle

On the 1st December 1905 st 10 a,m. the

;brain of a frog R. esculenta weight 40 grammes was
idestroyed. The laboratory temPerature was 53°%,

At 11.20 all ths vessels in the right thigh were
'exPosed and ligatured. The circulation in the feet
| was examined and was found to be arrested in the
iright foot,active in theleft. The cardiac impacts
i were six per 10 seconds, thz lymph hearts § per 10
iseconds. At 11.45 when either foot was stimulated
!bY an induced current with the coil at 130 both legs
iware moved, At 4.30 p.m., the same effects were

|

| observed/

|
|
|
|
|
|
|
|
|

S O



| leg to which the electrodes wers applied into a

| of both legs were still intact was proved by

' minimal lethal dose. At & o'clock the animal lay

| with the lezgs normally drawn up, the cardiac impacts

observed. At 4.35 there was injected subcutaneously

1 mm. of hamadryad venom dissolved in % c.c. Ringer's|

solution. This was equivalent to about 5 times the

| baing 7 prer 10 seconds and the lymph hearts 5 per

:tha circulation was still active in the left foot.

| Stimalation of the foot however caused only local

| 4o which the stimulus was applied. No movement

of the opposite leg was produced even when ths

10 seconds. At 5,15 when either leg was stimulated

both lezs moved vigorously. Both legs were also i'

nmoved when the stimulus was applied &0 other nortions |

|
of"f the body. At 5,20 the lymph hearts had ceased, !

At 6.28 the cardiac impacts were 7 per 10 seconds and

contractions of the muscles of the leg of the side

stimulus was sufficient to throw ths muscles of the

condition of tetanus. That the muscles and nerves

stimulating directly over the thoracic portion of
the cord with the coil at 100 causing both legs to
be rapidly and vigorously extended. At 7.7 no

cross/

S/,



crosgs reflexes could be slicited even with the coil
at zeroiand to this staze of the experiment no
diff'erence in the behaviour of the two posterior
limbs had been observed. When however the leg to
which the poison had had access was stimulated

its movements were slightly feebler than those
produced by similar stimulus applied to the
protected leg showing that at this stage the motor
nerve ends were also beicming affected. When a
strong stimulus was sent through the cord by
stimulating directly over the cord with the coil

at 50 mm. (a2 much stronger stimulus than had been

regquired 39 minutes previously)both legs were

' extended but the left (polsoned) more zlowly than

the right ( protected). At 9.35 p.m. stimulation

over thzs cord with the coil at 40 caused extension

of the right protected leg but no movement of the

poisoned left lez showing that the motor ends in the

roisoned leg were now paralysed and also that the
cord had not altogether’' Idst its power to conduct
impulses which however requirsd to be powerful.

At 10.15 p.m. ths sciatic nerves were exposed and
stimulated with the result that the merve to which
the poison had access veary faintly responded when
strongly stimulated there besing but a dimpling of

the gastrocnemius when the coil was at 40 mm.




On the other hand when ths protected nerve was
stimulated with the coil at 200 a strong contraction
of the gastrocnemius and of the toes was observed.
On the following morning at 11.30 a.m. stimulation
over the cord at zero caused no extension of the
legs, nor was any effect beyond a slight dimpling

of the thigh muscles observed when the poisoned
sciatic was stimulated with the coil at zero. The
muscles of the protected leg contracted when the
sciatic was stimulated with the coil at 50 MM. so
that the poison was probably resaching the nerve ends
on this side also,perhaps by diffusion. At 1.20

Do M the heart was still neating distended, dark

and not emptying completely.




_ACTTON ON THE HEART-

In view of the pronounced actionof bobra venom
on ths heart in small guantities causing systolic
arrest it was surprising to find the poison of
arn gllied serrent apparently causing the heart not
only to be affected very slightly but producing
arrest in extrsme diastole even when large doses
were administered. The only ocecasions whan any [
approach to an arrest in systole wereobserved were
those when an enormous dose was administered
(30 times the minimal lethal dose or more); on
these occasions the heart after its diastolic arrest
passed raridly into & condition of rigor.

Exyeriment 32 |

PLATE IV~ A solution of hamadryad venom
of the strength of 1 in 8500 was applied to the ;

exposed heart of a pithed frog. The heart was

the contraction might be registered on a revolving

cylinder. 0.003 grammes of the wenom dissolved in
surface of the

1.5 c.c. of Ringers solution were anplied to the A

l

e : |

attached by a hook to a writing lever in order that |
|

i

heart in drops by means of a hypodermic syringe,
al regular intervals of five minutes during a period
of two hours. At the end of this time the whole had

been/




been azpplied. Each application anrroximated to
N.0002 grammes. The modifications of the heart heat

(see next page)
may be seen on Plate IV- Awhers a selection has been

made from a continuous tracing. When the heart

contracted the lever described an up stroke so that

extreme systole occurred at the apex of the éurve.
During the poisoning the heart slowly but gradually
diminished with regard to its contractility. The
shortening of the curve was seen to take place at
the systolic portion. The action on the heart was |
thereforpe very slow and slight in amount complete
arrest not having occurred in 28 hours though the
heart had heen beating with very little if any blood

passing through it for 12 or 15 hours. The rate

throughout was very littls altered though a slight
: : : |
increase -in rapidity was observed as the contractions

graw weaker. |
The action being therefore a very slight one |
and the amount of venom actually rsmaining in contact
with the heart in such an experiment very doubtful i
a series of experiments was performed in which the i
poison was kent in contact with the heart. This Wa%
attained by perfusing through the isolated ventricle

solutions of the venom of different strengths, the |

method in each case being the same. Schafer's

Plethysmograph./
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Plethysmograph was used to record the heart beats.
The bulb of the instrument in which the heart was
suspended contained Ringer's solution ( Rusch's
modification).fA}The metal cylinder in which the

piston travelled was filled with oil. The

| reservoirs were filled with defibrinated ox blood

and Ringer's solution, one part of the former to

2 parts of the latter. The mixture was thoroughly
aerated and filtered and one rortion was used as a
solvent of the poison. The frog hearts were dissecte

with the greatest care to avold injury,and grsat

precautions observed to prevent the introduction

of air into the hesart during the manipulation. During

the performance of the perfusion the air traps

introduced by Elliot and Burnet ( /& )  proved of

| the greatest service in rreventing the admission of

air to the heart. This advantage is especially
appreciated when the duration of the experiment is
for several hours.

Elliot observed ( 3 ) that with solutions

of cobra venom in greater strength than 1 in 100000

the duration of the expreriment is to be reckoned in

s

i

| seconds or at the outside in minutes. My experience'

with hamadryad venom is that with solutions more

dilute/

5



dilute than 1 in 1000 the duration of the experiment
may be reckoned in hours. It was imrortant therew
fore to have a control experiment under the
conditions in which the poison was to be applisd,
but without this factor,in order to see the
difference which the poison in the more dilute

solutions might produce on the action of the heart.

Experiment 33-  PLATE V-

97th February 1906. R. Ssculenta 40 grammes.

Laboratory temrerature 32 °F.

The heart was prepared at 3 p.m. and the
cannula was tied into the ventricle including as
little as rossible of the auricle but avoiding the
inclusion of any portion of the ventricle. The
heignt of the fluid therein between 7% and 10}

inches. At 3.50 the record was taken and continued

thereafter unintesrruptedly for five hours. Portions

of the tracings at different times are showa on

Plate V. A difficulty experienced during such

lengthy perfusion exveriments is due to the alteration

of the position of the piston which tends to travel
along the cylinder either towards the heart ar away
from it. This being possibly due to ths inertia
of the piston we might expect to find that the
diastolic expansion of the heart aided by the

rressure/
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| perfused was the nutrient solution without any

préssﬁ;e of the fluid within it which is in direct
cormection with that in the reservoir caused the
pistbn te travel inperceptibly further at sach stroke
away -from the heart than it returned. ITf a substance
were used whichi weakened the hsart and increased its
expansicn as well as diminished its contraction this

tendency would be exaggerated. If on the other

(0]

and a sunstance were used which increased the

&

systolic contracticn rendering it more powerful

at the same time causing a more gradual diastolic
gxpansion the piston would tend to travel towards the
heart. Both these phenomena have been observed,
during the experiments with hamadryad venom on the one
hand in which the piston invariably travelled away
from the heart and on the other with solutions of
strophanthin in which the piston travelled towards
the heart. Whether this is the explanaticn or not,
at varicus times during these experiments the piston

T "(;‘M,E;,

required to be adjusted. e,

In this particular experiment where the fluid

admixture of poison and in which thersfcre thergﬂ
was no tendency to increased contractlon of the heart
the piston twice reached the extremity of the

cylinder and was replaced.

&N



The heart remained beating regularly both as to rate
and amplitude of contracticn and dilatation for more
than twe hours. Fig. I. shows the character

of the tracing after 1% hours ¢f perfusion. After
£ hours and 20 minutes the diastolic pauses became
slightly longer and the rate irregular. (Fig. 2)
which condition was found tc be due to the blcod not

being sufficiently asrated and the production there-

fore of fatigue in the heart.




passed through the heart,it was collected, thoroughly

When the blood sclution was oxygenated by vigorously ‘
shaking it with air before returning it to the ‘
reserbolr for renewed perfusion,this effect passed |
off and regularity was again established. The
condition was unchanged and the heart still beat
regularly with no loss of amplitude when the

experiment was stopped after five hours.

(page 63)
Experiment 34. Plate VI. A 16th January 1205.

: o}
R. EHsculenta weight 41 grammes, Temp. 57 F.
The conditions were similar to those in the last
experiment, vith the exception that one reservoir was

filled with a solution of the venom. N.0003 grammes

were dissolved in 180 c,c. of the nutriert mixture

| giving a strength on 1 in 50,000, When this had ?

|
aerated and returned to the reservoir to pass through

again, At noon the record was begun and at 12. 32
the voison was turned ons. The rate of the heart
was 17 per 80" and the amplitude of excursus 16 mm.

With the exception of a diminution in amplitude to

10 mm. which took place in 5 minutes and which was
accompanied by an increase cof rate to 20 per 60"‘no
distinct change took place for five hours., Fig. I
shows the tracing at the time of poisoning with the
subsequent irregularity. Fig, 2 at 1.30 p.m. shows

the restbration/
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the restdration to regularity, the amplitude being
the same as it was at first and the rate 24 per 50"
Fig. 3 at 4.24 p.m. shows the amplitude unaltered
and the rate 18 rer 60" PFig-4 at 5.2 p.m. i.e.
4% hours after poisoning shows the rate 21 per 60"
and the amplitude 16 mm.

An important point observed during this and
the preceeding experiment was the absence of any
colouration of the Ringer's fluid in the bulb of
the Plethysmograrh, thus showing that there had been
no rassage of blood through the walls of the heart
at any reriod of the exnmeriment its termination.,
We may conclude from this experiment that in the
dilution of 1 in 50,000 the action on the heart is

infinitesimal.
p.p. €6 & €7.

Experiment 38. Plates VII and VIII. a 17th
Januvary 19085, In this experiment 0.005 grammes
of HoV. were dissolved in 150 c.c. of the fluid
giving a strength of 1 in 25,000 ,R. esculenta 42
grammes temperature 580F. At noon the record Was-
begun and the poison was turned on at 12.48 (Fig-2).
Fig. I shows the normal. There was a steady
diminution of amplitude of excursus with a constant

travel of the riston away from the heart. The

heart emptied less and less during the whole

experiment /

¢ 4.



experiment, The first irregularity was seen at

.32 (see Fig-3) which lasted for five minutes

(e}

At 251 (Fi

-4) the riston had reached the

=

(Ui}

extremity of the cylinder and regquired readjustment.
The force of the heart diminished gradually and the
heart became more and more dilated, the systolic
contraction beconing less and less completes

(Fig- 5,6,& 7). The flurther rrogress in the same
direction is seen in Figs- 8, 9, & 10 the piston
having been again adjusted. At 4.28 long pauses
in extreme diastole occurred lasting in some cases
Z0" the hesart being much distended and globular.
Yhen the heats were resumed they were confined to
a rortion only of the base of the ventricle. Thisg

condition persisted till the exreriment was storped

X

at 5.8 i.e. that is 4 hours 17 minutes after the
commencement of the poisoning. The Ringer's fluid
at the end of the exreriment was quite clear and
colourless. The following table shows the gradual
diminution in amplitude with the accompanying

increase in rate.
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EXPERIMENT 36

Plate IX ©ond June 1904, Temperature 54°F. R. (sce p. 70)

esculenta 30 grammes, strength of solution 1 in
10,000, height of the fluid 10 to 12 inches.

at 3.29 the poison was turned on.
The record was begun at 3.12 ,and A At 335 long
diastolic pauses were the first symptom of poisoning
(Fig.3) After which the rate of the heart diminished
owing to cccurrence of the pausés— * An irregularity
in rhythm was observed occasionally alternating with
these pauses (see Fig. &), The subsequent course
of the roisoning was seen in the gradual dilatation
of the heart in the same manner as observed in the
;previous experiment- The heart was practically
far'r'ested in two hours. The following table gives (p.71)

the aiteration in rate per 60" in amplitude of

excursus and in the amount of diastole measured by

the distance of the systolic end of the curve from

the time tracings as Abscisaa~ The increase

|necessitated by the readjustment of the piston has

;beeﬂ added to the measurements which were taken Before

the readjustment.




EXPERIMENT 36.

1 in 10,000.

. n i Distance
Minutes before rate per || Amplitude of from
poison. ’ 60" | eXCUr SUS, Abscissa.
17 _ 47 | '8 millimeters || 48 millimeters
14 48 | 8 " | 47 "
9 | 46 | 8 L | 45 I
4 | 47 | 7 " | 44 |
1 _ 45 [l . 43 i
| poison turned on| 45 BB 42 "
' minutes after ' _
| poison | ! |
| 1 o as g e 41,50
2 [T |5 " 41 r
3 w 45 { 5 % | 41 "
4 | 46 582 B0 | 40
| 5 | 48 | 8 " | 40 p
| G | pause for ? :
| | s | |
3 = 20 7 " | 38 "
5 9 I 21 - 8nE- | 38 i
: 11 I 22 B8 i 38 1
13 1 25 5.5 37 i
4 57 i 38 4 " 36 o
. 13 l| pause for {
| { 60 "
21 | a4 dspo 8 34
22 I = a0 5 i 3% "
| 24 | 23 ° 5} 3 32, 8 i
| 25 20 5 it 32 "
| resular '
' 29 ' 32 4 E 29 -
'!irregular i |
24 | 30 3 " 26 "
42 I 2 3 . o1 P
473 28 2eG s 20 i
55 R ° 2 15 "
| 5% I 22 o J 14 "
| 73 |t 9 2 e 12 I
| 82 | 21 | 1e5 " 9 & r
: 98 | 18 1 It 5 i
| 109 i 18 0.5 L | 2
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|of roison represents aprroximately 5 times the
‘minimal lethal dose and there was observed a lessening

'in the amrlitude of the excursus soon after the

EXPERIMENT 37. ~Plate 10.

Zrd June 1904- Temrerature 54°%., Solution 1 in 5,000
E ! (see De 72)
Height of fluid 10 to 12 inches. : !
The heart was rreparad at 4 p.m. the record
started at 4,58 and the experiment was ended at

8 p.m. though the heart was not absolutely arrssted.

The poison was turned on at 5 p.m. This strength

poison was turned on. This diminution was at the |
|
expense of the diastolic portion of the curve the i

heart not dilating quite so completely as it had been

| doing. The rate incresasedas the excursus diminished‘

'the heart bscame more distended and balloon =like

lheart to continue contracting (Fig. 3). A} 6.14

|

(Figs. 1 and 2)- At 5.25 the heart was dilated and

a vortion of the ventrieéle was the only part of the

and beat' irregularly. The relaxation increased
and the contraction diminished (Rig. 4) At 6.34

a pause in diastolé~ for 30" oceurred. (Fig. 5).

and the subsequent contpactions of the heart were very

feeble being limited to the base of the ventricle.

The irregularity and increased diastolic pauses are

seen in Figures 6 and 7. At the end of the experimenﬁ

the/ Ringer's solution was observed to bs coloursd but!

'the time at which this change began had not been

|observed,
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JEXPERTMENT 37,

rate per |
ann 1

19
20
18
21
21
23 1

24
22
22
21
22
22
21
19
25
24
23
25
28
30
30
32
33
30

30
irregular
19
22
regular
diastolic
pause for
3{\ "
11
diastolic
5 beats in

_1 in 5,000,

Amplitude of
gxcursus.

11 millimeters|

11
11
11
11
11
11

arm
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Eé'ﬁiiiiﬁeters
b "
33 "
33 "
53 "
| 33 s
'i 37 "
33 "
55 Has
| 38 "
35 i
] 54 "
B e
24 "
35 3
39 |
59 "
39 "
39 "
38 B i
3.5 "I
38 "
35 "
20.5 "
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29 & 28"
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25
|
J
20 "
' irregulap,
12 millinmgtsers.,
9 " | >
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7 "
5 "
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_Experiment 38. Flate XI.

Zrd Juns 194, Thils expariment was performed on the

same day and under the same conditions as Experiment
37 the strength of the solution of venom being the
samefl in 5,000. The heart was somewhat weakened
evidently at the commencemsnt of the experiment and
befors the application of any poison. It was
spontaneously arrested in diastole for short but
varying periods_;;;the verfusion of the nutrient
fluid was continued the heart became quite regular

and had remained regular for 20 minutes before the

poison was turned on. In 4 mdnutes after poisoning |

had commenced the diastolic pauses reappeared

(g, B The heart lost its power of contracting
in rather less time than in the previous experiment
and stopped in dlastole -distended i=fin two hours,
(See Figures 3, 4, & 5). This experiment is
interesting as it shows the characteristic effect
of the poison in intensifying the already weakened

condition of the heart.
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| 19th January 1908. Solution of venom 1 in 2, 500.

EXPERIMENT 39,

This experiment presented no exceptional features

during the poisoning which ran a very similar course

but rather more rapidly. There was ths same loss {

of comtractility and increased dilatation of the
heart. Particular attention however was raid to the
of |
time at which the stalning.the Ringer's solution
occurred. This appearance was very slight when the
weaker solutions wers used but became a marked
fsature when the strength of the solutions was
increased. - At 12.32 p.m. the poison was turned
and until
on. At,12.46 the Ringer's fluid was observed to be

gquite clear and colourless. At 12,47 a fine thread

of reddish fluid was ssen to ooze from ths ventricle

and fall through the clear 1liguid. This stream
gradually increased in volume,collected at the
bottom of the bulb and gradually coloured the
solution which bgscame red and less transparent.

This increase in the amount of fluid surrounding the
heart-obviously became a factor in ths displaeement
of the piston which has been previously alluded to.
The effect of this may be seen in the tracings in
which the approach of the piston with the wriiing
point to the time tracing becomes more rapid. I

have not included the tracing of this experiment
as the curve is identical in appearance with figures
l, 2, and 4 of Plate 12, These strongsr solutions

therefore/




therefore not only hasten the death of the heart
and increase the distensibility of it, but so affect
the wall as to prevent it retaining its contents
under thes prsssure to which it is subjected in

these esperiments.

EXpe;imenﬁ 40 Plate XILs pe 77.

1st July 1904. Tempsrature 63°F. Solution of
venom 1 in 1000, In this experiment in which a
golution was usged representing approximately from
30 to 50 times the minimal lethal dose { according t
the papidity of absorption which we allow) 15
minutes after poisoning there was a short period
in which the heats wers irregular ( Figuress 1, 2 and
3) and this was followed by an anpearance of arrest
in systole. This phase passed off however, and
in figure 4 we see the diminution in excursus as
the heart rapidly passes towards the condition of
diastolic arrest. It was finally arrested
extramely distended. The passage of fluid through
the wall of the heart was obseeved 15 minutes after

the commencement of poisoning.

Exreriment 41 Plate XIII.

Solution/
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Experiment 41. FPlate XIII. p.7¢

1st July 1304 Temperature SSOF. Solution of wvenom
1 in 1000.

In order to see whether the height of the fluid
was a determining factor in causing the distension
of the heart and the eonseguent passage of fluid
through the wall this experiment was performed

with the reservoir lowered so that the height of the

fluid varied bstween 5% and 8% inches. No tendency |

to arrest of the heart in systole was observed. The
oozing of the coloured fluid was however noticed
pefore any irregularity in the beat of the heart

was observed (Fig. 2 B.)

‘Experiment 42. Plate XIV. July 3rd. 1904. bxp
Solution of venom 1 in 1@00.

In this experiment the pressure was again lowere
the height of the fluid in the reservdir varying
between 4 and 6 inches above the level of the hsart.
The same ranid progress towards death in diastole was
observed and the oozing from the ventricle was
observed 15 minutes after the poison had beern turned
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Experiment 43 Plate XV. 1st July 1904,
Temperatiure SSQF. Solution of venom 1 in 1000.
The heart which was observed during this experimsnt

was at the beginning of the experiment aprarantly

about to pass into a condition of systolic arrest

' while it was being perfused with the normal nutrient

solution. Under ordinary circumstances it would not
nave been used for an experiment on the action of a
poisorn, but it was thought interesting to observe
whether the polson which had arparently the
orposite effect would counteract this condition.
The heart was not only not arrested in systole but
the expansion was distinctly lengthened (Fig.2) and
the subsequent progress was in all respects similar
to that of the other experiments.

We see therefore that the effect of hamadryad
venom is gquite unlike in its effects on the heart
the venoms of the allied serpents and we are enabled

nogsiblyg to explain the differences observed with

regard to the length of time which frogs with lethal

doses lived. If the animal possessed a heart which

was alrsady somewhat weakenad its death would be very
considerably hastened by the administration of a dose
of poison which would be powerless to arrest a very

active heart.
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In several experiments the activity of the ends of
the vagus nerves was tested’ﬁith the gensral result

that there was little action, if any, until late in

* the poisoning. There was then a certain loss of

excitahility.

EXPERIMENT 44,
24th May 194, Temperature 60° F.
R. esculenta. weight 54 grammes. At 6.25 p.m.
there was injected subcutaneously into the posterior
lymnh sac 0.3%2 c.c. of Ringer's solution containing
0.00032 grammes H.V. equivalent to ®@.00E grammes
rer kilegramme i-~e~ rather more than the minima}
lethal dose.

At 9 r.m. ths respirations were very shallow,
the eyes closed and the animal was lying flattsned
with its head resting on ths ground.

On the following morning at 9 a.m. paralysis
was complete, the resrirations absent and the cardiac
impacts seen through the thoracic wall 7 per 10"
the reflexes were absent, The brain wasgs destroyed

and ;
at noonxat 12.15 the sciatic nerve was exposed,
stimulated by Faradic current and found to respond

when the coil was at 285 mm. the result being

contraction of the toes.

D




The heart was exposed and was beating regularly

| filling and emptying well at the rate of 8 ner 10"~

At 12.23 the vagus on the left side was exposed and

stimulated. With the coll at 40 the rate of the hear

wae slightly quickened,but #ith the coil at 20 mm.

the heart was arrested for 10 seconds and resumed

| beating regularly when the stimulus was removed.

Experiment 485.

On the samé day to another frog there was
administered twice the dose received by the frog
in the last experiment. R. Esculenta of weight
44 grammes was injected at 6.20 p.ms with 0.04 c.c.
containing 0.00044 grammes egquivalent to a dose of
0.01 gramme per kilogramme.

At 8 a.m. the next morning the frog was
apparently dead, there were no reflexes and paralysis
was complete, the heart was however, exposed and
found to be beating rsgularly at the rate of 7 per
s Kol The ventricle was mot emptied completely at
each contraction.

At 11.30 a.m. the heart was still beatinglbut
more feebly at the rate of 5 per 1f seconds. The
left vagus was exvosed and tested at 11.39 by means
of the interrupted current with the coil at 80 mm.

As/




As this d}d not arrest ths heart the coll was moved
to 70 mm. with the following result. The rate of

the heart was at this time & ver 18"

11.42. 15:? et
0" £ banta
45" 0 Vagus stimulated for 185"
11.43. iteate
Lo 5 beats
30" 5 beats

m

Exnerimenﬁ-46.m

o5th May. 194. R. temporaria. weight 35 gramn

Temperature 64° P~

At 2 p.m. the left vagus was exposed the peris
cardium opened the heart having been exposed-  The
rate of the heart was O per 10" and stimulation of
the vagus with the coil at 50 caused arrest of the

heart.

At 3.8 2 drons of a aolution of the venom

in Ringer's solution of the strength of 1 in 1000

wers placed on the surface of the heart. The

amount applised was arproximately 0.0001 gramme. at eyg

pplication and 0.0006 gr. allogether or 4 melsds
A The vagus was agalin st imulated and the application

of the poison was repeated in the same way and the

vagus stimulated with the following resultsiw
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Time Rate of Strength of Result
heart- Stimulus :
required to
arrest heart.
e B 9 per 1nt V. Stim. 50 mm. Arrest.
| 7.5 ||H.Veapplisd
|
| 3—1?1 9 per 10" V. Stim~- 60 mm. Arrest.
3.18|H.V.arplied
3e 24 8 per 10" V. Stim. 60 wmm. Arrest.
| 3.28 7 pervio"
! 3,29|H.V. apnlied
i 3. 31 V. Stim. 60 mm. Arrast-
! T. 40 7 per 10"
i 3e 4l V. Stim. 80 mm. marked slowing
| not arrest.
V. Stim. 40 mm. Arrest
Z. 50| H. V. 2pplied
3. 581 V. Stim. 40 mm. Arresst
4.0 |[H.V.2pplied
4,1C V. Stim. 40 mm. Arrest
4,30 8 per 10" S V. Stim. 40 mm, Arrest.
4.35(|H, V. applied
4. 45 V. Stim. 40 mm. Arrest.
5«25 9 per BAO" V. Stim. 40 mm. Arreét-
3. 30 6 per 60" V. Stim. 40 mm. || Arrest.

the slowing of tne heart

excl

In these experimentis

tability/

there was no svidence that

was due to increased

%6,
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excitablility of ths vagal nerve onds nor was there

evidence of early raralysis of the nerve.

SUWMRY ON THE AGTION OV FROGS

The action on the frog may be briefly summarised

then as follows:.

The certain minimal lethal dose of this specimen [
of the venom is N.004 grammes pver kilogramme, deatn

occurring however sometimes with smaller doses. The

| ; ‘ ;
‘most important effect is the varalysis of resriration?

b
oY
followingﬂa rreliminary stimulation of the function

iwhere the dose has not been excessive. This is

la direct action on the spinal cord. When a dose jusi

followed by motor and reflex naralysisgdae mainly to

leufficient to cause death has been administered the
paralysis may last for days or even weeks during which
veriod the circulation is maintained intact, gradually
however becoming weaker. There is to some extent
accumulation of fluid under the skin which also
probably interferes with respiration during the
period of paralysis. When its removal is aided

iby daily compression of the bladder and expulsion of

ite contents ( which exrulsion does not take place

naturally during the paralysis ) partial recovery may
|

|=take nlace. The resriratory movements then reappear

the/
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the reflexes and motor power are restored and the
animal may either recover absolutely f exp? 12)
or,after this stage is reached , subséquently become
feebler and die ( exr? 11, The perirheral nerves
and muscles are but slightly affected when minimal
lethsl doses are given and not till late in the
poiscning when the doses are large. The blood is
aprarently unaltered when the poison is administered
by subcutaneous injection,no evidence of haemolysis
or destruction of corpuscles having been obtained

where either large or small doses have been given.

The contrast between the action of the hamadryad
venom and the venoms of the cobras and the krait
is greatest when the action on the heart and blood
vessels are comrared. The comparatively rapi?
action oA the heart which is seen when large doses
of these othsr polsons are administered,and the
appearance of the heart arrested in systole , are
widely different from the slight and slow action
of the hamadryad venom,and from the consistent
appearance of ths arrest of the heart in diastole.
In fact the action o the heart of this venom may
be described as a slight hastening of the natural
death of the organ. The action on the blood vessels

is alsc very much less than that of the other venom

a6/
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| -
las is also that on the voluntary muscles. The

|
isimilarity is,on the other hand, very marked between the
[

laction of all thes roisons on the nervous system.

[The raralysis of resviration and of the reflex function

I
‘0? the cord and motor conductivity are very similar.
|IIt would almost anpear theref ore as though therer

i

were in these. snake venoms a neurotoxin and:- a muscle

'pcison as well ag a haemolysin, and that the second
|

and third of thsse are rresent in very small

‘quantities in the specimen of hamadryad venom examined%
ior that their activity is extremely slight. The
difference of the action on the blood in the direction
of haemolysis is noteworthy, my experiments confirming
‘koger's observation with regard to the very slight
i““fect prodiuced by this venom.

No further proof is needed now in view of all
the recent investigations on these venoms that the
resriratory paralysis and other nsrvous symptoms are
secondary to changes in the circulation. Additional
disproof of such a theory is to be seen in the great
disprarity between the time of these actions and thé
amount of the action‘disnlayed by this venom. For in
the frog we see the nervous system profoundly affected

for days before the circulation is interfered with

to any marksd extent.

¢ 7



In determining the minimaldlethal dose it was n=
necegsary to discard some of the earlier experiments
in which death had been assumed too hastily. In
fact it was found that the only certain proof of
death was the cessation of the flow of blood through
the vessels of the web of the foot. When paralysis
was comrlete and no sign of the beating of the heart
could be made out the thorax was opened. In the
cases in which the heart was still beating it was
arrested in a much shortar time after this disturbance
than would otherwise have occurred.

Again where marked eedems occurs and the fluid is i

not partly got rid off by expreesion of the bladder

death occurs apnarently from prolonged interfsrence
; s |
with the respiration. .

Lastly where the respiration was on the noint of ‘

| recovery this result occurred much more rapidly |

| where electrical stimulation was applied to the cord.

This appeared to stimulate the respiratory movements

| greatly to increase the vitality of the animal

' undisturbed in order to eliminats these disturbing

|
i
|
|
It was esssntial to leave the frogs quite ; i
|
factors. l



EFFECTS OF THE POISON ON WARM BLOODED ANIMALS.

A series of exreriments to determine the
minimal lethal dose by subcutaneous injection for
white rats was undertaken. This was found to be
0.003 grammes per kilogramme. These experiments
were not so troublesome to perform owing to the fact
that if a quantity of the venom is administered
sufficient to cause death the termination of the
experiment is not delayed beyond some hours. With

the smaller doses from the administration of which

. the rat recovered the animal remeined drowsy and

disinclined to move for a day,or perhaps,two, after
which recovery was comrlete and perfect. In

experiment 54 for example death was expected at any

| moment for 2 hours but recovery took place and was

perfect. In the following table thegeneral results
of these exreriments are expressed.

The account of Experimsnt 52 in which death
nearly occurred,and the account of an experiment in
which a larger dose was administered with fatal
results will serve to give the symptoms of polsoning

in these animals which symptoms were very eonsistent

| throughout the whole series.




N DETERMINATION OF MINIMAL LETHAL DOSE BY SUBCUTANEOUS INJECTION FOR RATS.
: = f 1 !
!F il . 1 Ii
3 - Weight |Quantity | | ;
; No- | dose in | of Pat - |of venom | Amount i L
iz of |gr. per in kiioiin grammes of i i
H Expt| kilogr. | gramme. injected. | Solution, | Result | Remarks.
M | |
A= : e . - 1 - F - -
% 47~ 0,000286 : 0.140 0.000035 | in 1.75 C.0. | Recovery | Drowsy for some
,i: ; ' 1 . hours.
‘{ 48 | 0,00081 | 0.129 10, 000035 g:in 0.055 C.C.| Recovery ::Drowsy.
2 10.001 | 0.180 0.00018  in 0.18 C.0.  Recovery | Drowsy for 24
f | hours.

0.00211 | 0.128 [ 0.00027 | in 0.27 C.C. | Recovery || Respiration
I i . affscted. Drowsy
l ; ! for 2 days.
i | I | e
0.0025 | 0.122 10,000315 | in O, 316 0.64 Recovery | Resv. strongly
| ! i ; ! | affected in 2 Brs
: ' | impaired for §
. hrs- recovered in
| 48 hours,

0.00275 | 0.171 | 0.00047 g-ih 0. 94 b:b:}_ﬁgéovéry T Resp- affected in
? ' i ; | 2 hrs. Recovery
i i . began 4% hrs
“ ’ | after injection,
i — - o s i . o=
 0.0028 | 0.147 | 0.000412 | in 0.825 C.C. Death Resp. impaired in
| I H | 1% hrs. Died
| ﬁ i I . between 4 to 7
: ﬂ 1 ' hrs
.i ——— || S —= - - = =
50.0029 “ 0.172 10.0005 !in e GeiCh Recovery Resp-~ nearly
. i I | ceased in 4 hrs.
I | Condition lasted
_ 2 hours. Gradual
e Ecra o s - Ee I : g iy ol || recovery. = 0t
0.003 | 0,172 || 0.000625 |l in 0.52 C.C.| Death Between 3 and 10
=1 BTNy I RaREEA N| Wl L o | e nrs.
‘B 55 ' @.003263 0.187 || 0.000861 | in 0.61 C.C. | Death Resp, ceased in
: I | EIRESNTE ST SIESh ARE el e B 1| 2 hrs,
57 @.0035 | 0,157 || 0.000584 in 1,17 C.C. | Deatn Resp. ceased
I | | | 2% hours.
| 0,005 [ 0.180 [0.008 [ in 0.8 C.C.| Death | lnour 3 minutes. _
|0.0125 | 0.120 [0.0015 | in 1.5 Cfc.i"ﬁééin' | in 55 minutes.
i I I




Experiment 52. 2nth May 1904, Temreraturelﬁéo F.
Black and white mgle rat. weight 171 grammes.
At noon the rat which had bsen kert without food
for 24 hours to ascertain the true body weight ,and
which was very active,was bresthing at the rate of
15 per 10" when at rest,and 29 per 10" when moving
about and sniffing. The heart could be felt
beating regularly and strongly through the thoracic
wall at ths rate of 46 per 10",

At 12.30 there was injected subcutaneously
into the right flank 0.94 c.c. of Ringer's solution
containing 0.70047 grammes of H.V. equivalent to
0.0n275 grammes per kilogramme- There was no
excitement or distress and the rat moved ahout
freely sniffing and gaté csome rice which was given to
S

At 12.45 he was less active put moved about
oceasionally more slowly and without the sniffing
moeements. The resrirations were deeper and more
uniform than before and were at the rate of 24 per 10
the cardiac impacts 44 per 10".

At 1.30 he sat quietly in-the corner of the

cage, but started at a sudden sound. The respiratory

movements were from 18 to 24 per 10" not quite |
regular, some being deeper than others. The heart

beats were 40 per 1l0". 2 ]



When the eye was gently touched the eyelid was at
once closed and the head moved away.

At 2 P.m. his condition was somewhat similar,
he remained quietly in his corner,the eye reflex
was acute but resrviration was more lahoured and
occasionally audible, there being with ispirstion
slight whistling sound. The rate was 18 per 10?

3 or 4 only of the movements being deepr ,the others
shallower but guite regular in rhythm. The cardiac
impacts were 48 per 10" but were not quite so
easily counted owing to the movements of the
thoracic wall. They were however guite regular and
apparently as strong as before.

At 2.30 the rat was no longer sitting up but
reclined with his thorax and muzzle on the floor of
the cage, breathinzg with aprarently greater
difficulty. The rate was still 18 per 10" and each
inspiration could be distinctly heard being harsh

through :
and sounding as though drawn.moisture. The animal
occasionally gave a jerk of the whole body, raising
the head which,however, raridly drooped again until :

it rested on the ground. This jerk or.slight

convulsive movement apreared to originate in the

thorax. When disturbed he moved slowly and with

|
i
an appearance of great caution ,occasionally |

again/ [



again to repose in the same position as Before.
Cardiac impacts were 46 per 1C" aprarently unchanged

in character.

At 2.52 the resrirations were still 18 per 10
jerky,and more distinctly heard;the cardiac impacts
were 48 rer 10" and the rat lay ]:;I*Orwzr.wl It could be |
laid gently on its side but struggle;twith some
difficulty ‘regained: the normal position and managed |
to crawl a few steps.

At 2.57 the resriratory movements were more
irregular both in volume and rate varying from 15 to
18 per 10" shallower and more jerky. The pupils of
the eyes were contracted,as they had been from the
beginning of the exneriment, but the eyes were

insensitive when touched.

At 3 o'clock the cardiac impacts were 46 per 10"

and the respiratory movements 18.; some urine was '
passed and a gensral srasmodic convulsion was witneés@d.

At 3.5 the regrirations were 19 vrer 10" of the
game character and convulsive movements were more i
general and more fregusnt ,occurring about every 2
minutes. The heart was beatinzg strongly at 50 per
310",

At 3.27 ths convulsions were more prolongsd and

v e Jr o . 4 . 3 v
tha breathing more laboured and nolsy, each insriration

| being/.




being accompanisd by a rattling sound. The rat
remained in this condition more or less unchanged t1ill
i 4.12 the respirations varyinz from 15 to 18 ner 10"
Esometimes shallow,out deeper after one of the convulsiv
seizures. Thes heart beat was rszular and strong and
about 48 per 10",

At 4.20 the head was restinz on ths ground and

lesaning over to ons side,and the resnirations were
| shallow and jsrky—16 per 10". The cornea was
‘ were

insensitive, the syes,opensd widely and the pupils wer
értill contracted. The heart was rathsr irregular
| varying from 40 to 58 per 10" but bheating strongly
‘ and easily Ffelt. There were few general convulsions
| but the head was railsed occasionally with a jerk and
| the mouth widely opened, the lower jaw jerking
synchronously with the resriratory movements. At

4,50 he was weaker and lay on his side without
attemnting to move, the resrirations being of a gasping

character but still 18 per 10"~ The heart was strong

and regular and its rate 50 per 10",

At 5.30 he remainsd in much ths sams condition
buat 4id not ssem worse and was laild in a box on cotton
wool near ths hot pipes.

At 1" p.m. the breathinz was less jerky,not so
P 3

noisy,and the cornea had recovsred its sensitiveness.

‘The rat had recovered its normal position but the

muzzle /

0
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muzzle was resting on ths ground, Ths resviratory
rate was 13 per 10" , the flanks heaving regularly-
and the heart was beating stronzgly and regularly
at. 58 per 10%.

At 9 a.m. the next morning the rat was very

much vetter but sat guletly in his cags with ths eyes

clossd as if asleep. When disturbed he moved about
Crezly,sniffing ingquisitively for a short period,but

soon came to rest again. The respiration was partly
slov and deep alternating with rapid and shallow
movements,the respective rates being 10 per 10" and
40 per 10" respectively. Hs ate some green food and
excert for the drowsiness and a slight amount of moton
weakness he ssem=sd to have rscoversd.

At 7 pem. he still remained drowsy but when
disturbed ran about with === vigour.

On ths following morning i.e. on the 22nd May
he ran about guits rscoversd,  to all appearance,
a normal rat. The resvirations were at the rate
of 24 psr 10" and the heart 38 per 10

In this experiment therefore ths respiration was

strongly affscted up to a point very nearly that of

complete paralysis and the asphyxia was strongly marked.

| The reflexes wers nesarly abdlished and there was great

mot or weakness.

7y



Experiment 58. 23rd March 1376. Tempsrature 53° .
Black and white male rat. Weight 1560 grammes. |

At 10 a,m. the respirations were 15 per 10" when
quiet, 22 per 10" when sniffing,and the heart Was
Felt to be beating regularly at 40 per 1l0".

At 2.25 p.m. there was injected into the right

flank subcutansously 0.8 c.c. of Ringer's solution

containiag 0.0008 grammes of H.V. A dos=e eguivaleant)
to N.0N5 grammes rer kilogramme, nearly twice the m.l.d.

At 2.30 the respirations wers 23 per 10" all

| full and deen and the rat sat guietly in the cornsr

| strong and regular.

of ths cage. The cardiac impacts were 45 per 10"

At 2.33 the resriratory rate was the same bdbut
the movements were shallowsr and they were interrupteﬂ
by a choking sound or cough, thz sye rsflex was acute%
the syelids shutting promptly when the cornea was
touched. The animal remained quist but jumped when |
disturbed by a sudden sound. After this the rate of Ehe

"

respirations diminished F=——=—=——==F= gradtially they

were 21 per 10" at 2.35, 18 at 2.40, 19 at 2.43, |
18 at 2.47, 17 at 30feclock, and 15 at 3.4. °

At this time 344’ he was sittinz huddled in a
corngr of the cage breathing deeply,and noisily,but
regularly;the cardiac imracts were 40 per 10" and the

sye sensitive.

%
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At 3.15 the respirations had become irregular,
varying in rate from 13 deer movements per 10" to |
120 shallower movaments for the same period. The
|movemants of the thorax wers more rerceptible, making
it more difficult to count ths rate of the hesart,which

was however about 39 psr 10", The rat wags restless,

lapparently uneasy, and walked slowly with a somewhat

{0

staggering gait. The head was ralsed and rested on

ia ledge at a higher level than the body;and sometimes
the rat raised himsslf on ils hind legs,resting the
ithorax in an angle, probsbly to remove the weight of
the abdominal contents from the diaphragm and so to

|

irender the respiratory movements easier. The eyes
ware wide open and the cornea was less sensitive than
before though ths reflex was not entirely absent.

At 3.18 the respiration had fallen to 8 per 10"
very forced,noisy and accompanied by general snasmodic
contractions of the body, so that when the rat was
standing on the ground he jumped from:iit approximsteing
- the

togethsr a fore and hind limbs.

At 3.22 the respirations were 4 per 10", deer and
rasping, the mouth was opened spasmodically with each
inspiration, and each was followed by a jerk of the
body. When the rat was laid on its side it recovered

its normal position but with some difficualty.

At/
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The animal could regain the normal position but with

| respirations had ceased.

| the diaphragm was obssrvad to contract strongly.

At 3.25 respliration was in the same condition,
the cardiac impacts wers 26 per 10" strong and regular

ths pupils were contracted and ths cornea insensitive|

grsater difficulty and some urine was voided.
At 3.28 the respirations cszased, the nupils 1
rapidly dilated and there were 2 or 3 convulsives

jerks of the fore and hind legs. The heart was still

heating regularly, but gradiaally becamé slower,and

(a1}

was felt distinetly Auring two minutes after the

At 3.30 the thorax was opened and the phrenic
nerve very carefully exposed and placzd on glectrodes.
" {

With a single Daniell's cell and a ~PRaradic curreﬁi

with the secondary coil at 410 mm. from the vrimary

At 3.47 the auricles wers still beating
rhythmically and the right ventricle was distended,
dark in colour and filled with dark,fluid,nlood
The left ventricle was in moderate diastole and

&
responded to a stimulus by givingasingle slight
contraction.

At 4 o'clock occasional beats of the auricles
could still be seen and the sinus was contracting

rhytamically. The livsr and kidnasys appeared slightl;

congested/
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corigested, the lungs were collapsed and rather dark,
| but no portion was solidified or sank when thrown into
wvater. There was very slight injection of the vessesls
' in the subcutaneous tissue at the seat ofithe
inoculation;and the vessels of the intestine near

this situation presentzsd!iths same appearance. The
morbid appearances however were all of them extramely

slignt.

o}
Experiment 56. 22nd March 1%6. Temrerature 59 F.

White buck rat. Weight 187 grammes.

At 2.25 r.m. 0.,00061 grammes of H.V. dissolved
in 0.61 c.c., of Ringer's solution was injected
subcutaneously into ths left flank. This dose was
equivalent to N.00326 grammes ner kilogramme and
producad very much the same symptoms, the respirations
were at first incresased in rate from 24 per 10" to
28 ver 10" as well as in ths amount of movement.
After this preliminary stimulation they gradually
diminished in rate to 5 rer 10" at 4.14 when the
rat was varalysed, tha cornsa insensitive , and the

dyspnoea urgsnt.

At 4.15 the pupils dilated, urine was expelled

opzned to expose the heart which was still beating,

| extremely/

and the respirations csassd. The thorax was immsdiately




extremely dilated and not emptying completsly. The |

vagus was also expossd in the nsck and stimulated -

| With the coil at 180 the heart was arrested when theg

nerve was stimulated and the same effect was observed

‘ when the nerve was stimulated at 4.29 and at 4.35 p.m.

At 4.41 the strength of the stimulus had to be

increased to arrest the heart, the coil bvsing moved

' to 80 and at 4.4%,28 minutes after the resplratory

Failure,when the nerve was stimulated with the coil

| at zero,the heart was slowed but not arrested.

| At 4.55 the auricles wsres still contracting

‘ rhythmically 17 per 10" and at 5.35 one hour and

| 20 minutes after death they were still contracting

o

at the rate of 10 per 30",
| EXperiment 59.
In this exreriment where four times ths minimal

lethal dose was administered by subcutansous injection

J=dn

resniratior

i )

failed in 55 minutes accompanied by strong)
convulsions during which ths rat was jerked off the
ground. The phrenic nerve was tested soon afﬁer
death and found to be active though not quite as

|sensitive as in the experiments where smaller doses
i

had been given. Ths vagus was also stimulated and

‘arrestad the heart, the sciatic nerve,also,vas found
to/



to be active, The blood was fluid but coagulated
normally. Some was examined microscopically and
‘presented no abnormality. Some was also collectad
'in capillary tubss which were sealed and showed no
trace of haemolysis in 48 hours, ths serum serarating
out rerfectly clear and colourless.

The rats die tharefore,with a minimal-lethal dose
of @.003 grammes rer kilogramme, Prom respiratory

failure practically uncomplicatsd. The circulation

|is quite efficient ur to the time of death and the

| blood apparently normal. The phrenic aerve ends

ars gquite active at death so that the respiratory

paralysis is probably due to paralysis of the central

=)

ths medulla. In view of the statemaent

=

mechanism &

' thzt the phrenic nerves are impaired at death it is

imprortant to observe that in exreriment 56 in which

the dose was 0.00326 grammes per kilogrammea and in

which death ocecurrsed in ° hours ths phrenic nesrve
was exposed most carsefully to avoid the slightest

injury in stretching or dragging it.

It was stimulated as soon aftsr death as possible
andg

Agood contractions of the dlaphragm were observed to

take place when thz secondary coll was removed 650 mm,
from the primary. It was thersfore as sensitive as
an unpoisonsd vhrenic nerve is and impresses one with

the fact that accidental injury in exposing and

stimulating/

|

|




stimulating the nsrve may sasily account for an anrare
loss of sensitiveness. The nerve also very ranidly
loses its vitalityjand the element of time after
death at which it is stimulated becomes of very

grzat importance. In all cases in which the phrenic
was stimulnated ths nerve was exnrosed where it is
saslly seen leaving ths heart and where it can be
:placad oni ths elsctrodes with the least possible
disturbance.

It is worthy of note that thz preliminary
_stimulation of respiration is to be observed elther
by an incrsasing ratesyor by an increase of volume(as
evidenced by desper abdominal movements)and sometimes
Dy béth of these factors simultaneously. The nerve
ands of the sciatic and the vagus remain active after

respiratory paralysis is complete.

Nt
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ACTION OF THE VENOM ON RABBITS.

The minimal lethal dose was determined for the rabbit
when it was administered by subcutaneous injection

and also when it was injected into a vein. It was

necessary to have this latter knowledge in order to hav%

|
a basis from which to calculate the comparative lethalfity
of the doses which were administered in this manner
|

in those experiments on rabbits in which the blood—presbure

was investigated.

The minimal lethal dose by subcutaneous injection |
was found to be ®.00251 grammes psr kilogramme. ‘

This is rather less than the dose for the rat
(0.003 gramme per kilogramme) but is about four timesé
tne dose which was stated by Rogers (g § to be the |
minimal lethal dose for warm-blooded animals of the

| venom with which he worked. |

The general results of the experiments which

vere performed in order to determine the minimal 1etﬁal
dose by subcutaneous injection will be found im the

table on the next page.



DETERMINATION OF MINIMAL LETHAL DOSE BY SUBCUTANEOUS INJZCTION FOR RABBITS.

L | = Lon i T e e O ot L
No. dose in | Weight Quantity
of gr. per | of rabbit of venom Amount
{expt. kilogr. | per kilo- in grammes of - ,
gramme. injectesd. Solution Result | Remarks.
a0 0.0003 | 1,216 | 0.000385 in 0,73 C.C. Recovery | Unaffected
0.00051 | 1.352 0.000514 in 0.7 C.C. Recovery | Unaffected.

b , | L . = X b . i LR e
0.00102 1.4469 0.0015 in ¢15 C.C. Recovery . Unaffected.
0.00151 1.514  0.0023 in 2.3 C.C. Recovery | Slightly

: affected.
0,0018 1.819 0.00327 in 1,83 C.C. Recovery Affected.
10.00209 1.434 | 0.003 in 3 C.C. Death in 4% hours.
10.0025 | 1.650 | 0.0041 in 2,06 C.C. Recovery  Very nearly
' ' died.
ill Tor 24
hours. :
0.00251 | 872 0.003 in1 C.C. | Death | in 4 hours.
'0.00266. 1. 882 - 0.005 in 0.5 C.C.i Death in 1 hour
' 35 minutes,
= e S R . e
0.0029 | 1,550 | 0.0043 in 0.48 6.0, Death | in 1} hours.
| 0.003 | 2.380 | 0,007  in 2 C.C. | Death | in 1% hours.

An account of the symptoms observed durigg the performance of
sXperiment 87 will serve to shew the general course of th noisoning.
Expt. §7. 26th. May 19°4. Temperature 5209,
A buck rabbit wieighing 1550- grammes, whose respirations
werefrom 23 to 27 per 10", whose hearf was felt beating at the

rate of 43 per 10", and whose rectal temperature



1]

temperature was 102,2° F~ recsived at 11.15 a,m.

L

by subcutansous injection into the right flank
0.00412 grammes of H,V, dissolved in 2.08 c.c. of
Ringer's soclution. This was a dose of 0,.0025
grammes psr kilogramme. He moved about frsely
and rather restlessly,and was very alert Tor about

nallf an hour, and ate green food when it was

1y

offared.

At 11.45 the respirations were 22 per 10"
fuller and deerer and the animal was guiet with
Mzad and sars erect. The heart ,40 per 10" was

o~

sasily felt and thzs rectal temperature was 106.5-
He remained in this condition until 12 noon when
slight tremulous movaments were observed affecting

the lower jaw, and fore rart of the body.

At 12,15 he still sat with head and sars erect,

but had a tendency to allow the fore feet to slip
from under him in front ,s0 that he was rather
resting the abdomen on the ground. Respiration
23 per 10" if he moved, 12 per 10" when quite guiet.
Temperature 101.803. The cardiac impacts were
more difficult to count oring to a muscular thrill
or fibrillary trembling of the thorax but were at
the rate of 38 per 10".

At 12.35 the head began to droor forwardshand

the syes to lack their normal lustrs,though ths

corneal/




| animal/

corneal reflex was guite acute;and at 12,50 ths
regrirations were 20 per 10" the cardiac lmpacts

"

44 rer 10" and ths temperaturse 102.2° F-  An hour

later at I.EO‘the temperature was 102.8 and the
and 40 per 10" respectively, and the animel was more
flattened in its attitude than before, the thorax now |
resting on ths ground.

At 2.30 the muscular weaXness as shown by the
drooping head wac more marked the respirations had
fallen to 17 rer 10" and the cardiac impacts to
32 psr 10" but the temrerature had risen to 108° F.

At 5 o'clock the muzzle was ressting on the ground
the resriratory rate 13 psr 10" an@ the heart 28

per 10", The respiration was more embarrassed

and accompanied by audible sounds. The animal raised

its head occasionally,but it soon fsll again until
it touched ths ground. The temrerature was 103. 8.

At 10.10 the condition was unchanged excepting
that th2 temperature was 103 .6 and the respirations
12 per 10M. '

27th May. At 9.30 a.m. on the following morning
the attitude was unchanged the resvirations were still

12 per 10" accompanisd by whistling sounds and the

|




animal was salivating, The eyes werse almost |

insensitive ,though a =11:1% touch caussed a minute
movement of the syslid. The cardiac ilmpacts were
strong and regular at the rate of 32 per 10", A

considerabls quantity of urine had been passed and
the rabbit refused to eat grsen food whsn it was
fered. The temrerature had fallen to 100. 3.

It remained in very much the same condition during the

whole of the day,but that at 2.30 the temrsrature was
102.4 and at 5.30 it was 103.2.  On the 28th of May |
at 9.30 a.m. it had regained its normal nosition,
was sitting up with head and ears eract. Its

| -

|temperature was 101 the cardiac impacts 44 per 10"

i

|and the resrirations 25 per 10", It ate green food
readily and had apparently quite recovered and the

recovery was permanenb.

In Experiment 89 in which a white doe rabbit
welghing 1650 grammes was adninistered by hypodermié
'injection N.0048 grammes of vemom eguivalaent to
0.0029 grammes per kilogramme death took place in
one hour and & half. 0Jn the 27th June 1904 the
temperature of the rabbit being 101.8 at 11.45 a.m.

the resnirations 15 per 10" and the cardiac lmpacts

37/
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37 per 10" the poison was injected at noon.

At 12.20 ths resriration was at the rate of

fe)
|

13 per 10" and ths temperaturs was 99, 9.

|

i At 12,37 the resnirations had fallsn to 9 per 10"
and the cardiac ilmpacts wers 28 per 10", The muscular
|

weakness was evidenced by the sinking of ths thorax
and abdomen.

|

At 12,45 the temperature was 93.4 and the

oreathing laboured and noisy, the head was drooping

an

h

the cornea less sensitive than it had been,

!
| At 12.50 ths respiratory rate was 7 per 10'" and
|

)]
[

the animal lay on its de gasping, nov and then making

slight and Fruitless efforts to regain its normal

|
rosition, The breathing gradually became more and
i
more difficult, the mouth being opened with each

inspiration. The heart was slower and slightly F

the pupils dilated f
At 1,35 the respirations ceased,and the animal

died with very slight spasmodic contractions of the

F.

Foreg and hind limbs. Immediately after death the

phrenic nerves were exposed, stimulated by the faradic

current and found tc be active. There was a good

contraction of the diaphragm observed when the coil

was at 600 mm. The sciatic nerve was also exposed

and/

|
|
|
|
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and tested and responded with the coil at 340 mm.

In order to ascertain ths difference from the normal ,
17 any, in ths rate of the death of the nerve ends

a control rabbit was killed by a blow at the back

of ths neck and its phrsnic and sciatic nerves
gxposed and stimulated in the same manner as those

of the polsoned animal, The comparison may be seen

in the following table.

| Poisonéd Confrol
Tims Phrenic Sciatic Phrenic [Sciatic.
4 minutes | | =
after | 8600 340 ; 600 300
death. ’
|
15 minuteg 550 80 580 80
20 v | faint 60 | 100 50
twiteh ;
| at zero. f
45 " 0 0 | 0 0
| ¢ W J Al

nerve. Practically no difference 1s howgver observesd

| witnout any obvious differenee between them bdeing

The Phrenic nerve therefore appears to die more

rapidly after the poisoning than does the normal
with regard to the sciatic nerve.
Blood wag taken from the two rabbits and

comparsd microscopically and in capillary tubes

obsarvad.

’//
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DETERMINATION OF MINIMAL LETHAL DOSE BY INTRAVENOQOUS INJECTION

FOR  RABBITS.

T N Idose in Wegéht M?néhantity
of’ gr. per of rabbit| of venonm Amount
Expt-| kilogr. per kilo in grammes of ,
L gramme. injected. | Solution Result Remarks,.
S S — . o N —c e e
71 | 0.000562 1780 0.001 in 0.1%5 c.c. Racovery | Rise of
‘ ' | temperatars.
72 | P. 000835 1705 0.00142 in 0.19 c.c Recovery do.
|
73 | 0.000975| 15%0 0.00154 in 0.82 c.c. Recovery | do.
# :
74 ?0.§901 . 1570 0.00187 in 0.78 c.cd Recovery do.
|
|
75 ‘ 0. {00124 1805 n.nN138 in 0.98 c.cd Death died in
| 5 hours.
| i
75 | 0. 00729 1745 0.0N28 in 0.78 c.cd Death died in
i 1 hour.
7% | D.0021 | 1428 0.003 in 0.5 c.cd Death died in
' 1% hours.

The relationship between the minimal lethal doses
adminitstered by subcutaneous injection and intravenous
injection 1is therefore the proportion of 0.0025
grammes per kilogramme and 0.00124 grammes per kilogramme
or approximately it may be expressed that the
intravenous dose is one half the subcutaneous.

A rise in tempsrature of about 1 degrese was observes

in each of these expsriments in which death éccurred

and slightly more than that in thoss in which death

occurred.



EXFERIMENT 77, 12th F2bruary 1MS. Laborat ory

4%

= 0-1 T Mea i
Temperature 58 F. White doe. Weight 1225 grammes

At 2.14 p.m. the respirations were 29 per 10"
the heart 45 per 10" and the tempsrature was 103, 2.
After thess obssrvations had been taken ths hair
of thz rizht sar was cut short and the ear washesd

fde

with ether 1 the veins had dilated. A clip

e

was placed so as to compress the proximal end of
the marginal vein. Into this was injected 0.KR5 c. c.|
of Ringer's solution containg 3 mg. of ths venom
and the syringe was rinsed with anothér guantity
of 0.5 c.c. which was also injected into the vein.
At 4.3 8 minutes after the injection the

respiration had fallen to 24 per 10" and the heart

to 40 per 10N,

At 4.32 the rabbit movsd about restlessly for

a few moments then sat quietly with the head
drooring and the sars laid back, the respirations
were 15 per 10" the cardiac impacts were 48 per
10" and the temperature 104.35.

At 4.50 the animal was sitting more flattened
and apneared to move with a certain amount of
difficulty.

At 5.3 its muzzle was rasting on the ground

the resrirations were 11 per 10" and thz heart 28 .




|
At 5.8 the rabbit lay on its side helpless, the
eyes were insensitive and it reSpondéd to no
stimulation. The respirations had fallen to B per
10" and were very 2mbarrassed , the cardiac impactss
had also fallen to 15 per 10" and were irregular.

At 5.17 the respirations were ranting 7 rer 10"
the breathing being more of a thoracic type than of
an abdominal and the animal was affected by slight
convulsions. |

At 5.20 the respiratory difficulty was greater’

the mouth being opened with each inspiration,and

the pupils wers contracted strongly.

At 5.24 the respirations ceased and the pupils
dilated widely. The thorax was ovenad and the heart
was seen to be still bveating, ;

At 5.39 the phrenic nerve was stimulated and

observed to respond with the coil at 470.

At B.44 it resronded at 460
at 5.48 it responded at 380

at 5.4 1t resronded at 310

at 5.59 it responded at 29 and

at 5.4 with the current at zero,a ﬁinute

|
|
|
fibrillary twitch was the only effect observed on the
diaphragm. I

At /



At 5.80 the auricles were beating regularly
at the rate of 15 per 10" and the ventricles 2 per
10",

At 5.54 the auricles were 10 per 10" and the
ventricles 3 per 10",

At 5.59 the auricles were 8 per 10" and
the ventricle 2 rer 18".

At 5.4 the auricles wers 5 per 10" and
the ventricle had stoppeds i.e. 40 minutes after

contract
death. The auricles were observed to A until 5,40
when the contractions wers still at the rate of

4 ver 10% .

In Experiment 75 special observation was made

with regard to the size of the pupils which had been

| observed to be generally constricted more and mors

| powerfully as the asrhyxial condition increased;and

to be dilated at the moment of death. In this

:experiment a buck rahbit of weight 1745 grammes

| received into the marginal vein of its right ear

.78 c.c. of Ringer's Solution with a dose of the venom

equivalent to 0.00149 grammes per kilozramme.

Immediately after the injection and before the

' was/

‘respirations were affected the measursment of the pupil

S



was 9 mm. Im half an hour when the respirations were
gasping, and the muzzle was rsesting on the ground,
the pupils measursd 3 mm. 36 minutes after
poisoning the pupils had contracted to 7 mm. and at
38 minutes when the animal was lying on its side
and the corneal sensitivensss was much impaired the
measursmant was 4 mm.

when

At 12,50 1i.e. 40 minutes after poisoning ,the
first convulsions were observed, the respirations
having fallen to 6 per 10 - the pupils measured
3 mm,

At 1.2 with the respirations 5 per 10" the
same measursment was obtained and at 1.4 when the
respirations ceased and general convulsions occurred
the pupils rapidly dilated and measursd 10 mm.

In this experiment as in most of the others
poisoned by either intravenous or subcutaneous
injection the phrenic nerves were found to be active
the diaphragm contracting as a whole with the coil
at 455.mm.

The symptoms of voisoning therefore ran the
same course with about half the dose injected

twice the amount of
intravenously, as occurred when,the poison is

injected subcutaneously;but the incidence of the

symptoms 1is rather more rapid.




When a lethal dose was administered the temrerat

| was generally observed to fall gradually. In some cas

| however a slight preliminary riss was observed early
| in the poisoning.
In experiment 67 where the dose administered to

a2

small buck was 0.0025 grammes per kilogramme the

following observation on the temperature were taken.

are

SRS

Temperature

Immediately after

T inme : Remarks,
0 an 0.2 | Retare potsasins
10.20 | | Subcutaneous injection of polsog
11,30 99, 8
12./30 100 E Paralysis beginning.
12,45 99, 2 é Cornea insensitive.
1,17 98. 8 Paralysis profound.
1.58 97. 2 | Severe dyspnosa.
°.38 | Death.

death in this experiment the

n'

phrenic nerve rssponded at 540 mm. and the heart wa

arrested when the vagus was stimulated at 100. mm. and

= e

the sciatic was obssrved to bs active when stimulated

| at 215 mm.
i

In/




In experiment ﬁél,iﬁ which rscovery occurred,the
symptoms of polsoning were comparativsly slight
but. the temperature observations showed a distinct
rise. The dose was 0.0018 grammes per kilogramme

injected into a buck weighing 1819 gramues

fiﬁe ; Tempefatare
26th 10.0 a.m i 102, &4
ek 11 2. M | poisoned
11. 40 102.0
12, 20 | 101.4
12,82 ' 101.4
¥ 2.0 10 3.
2.45 103. 4
%o | 104. 6
5.10 f 104. 8
6. 20 ; 104. 3
7. 30 i 104. 4
10.10 g 103. 8
27th ;
Mag. 9. 30 amm- 10 3.
2430 pe.mMe 103. 2
5. 30 103. 4
28th 9, 30 a.m. 103.
Me.y.
¢ 30 DpeMm. 102. 8

5.0 pem, 102. 5

I




Asphyxie was the cause of death in both rabbit and
rat{_ - Its stages were observed by watching the

pupil which contracted powerfully when stim@ilatédn

| by the venous blood of the centre on the floor of the

aqueduct of Silvius took place, and dilated widely when

paralysis occurred. The violent convulsions
and expiratory spasms which mark the stage of ex-
haustion in that form of asphyxia not produced by a
poison, are ,in the case of asphyxia produced by the
venom comparatively slight. The motor centres
of the rat indeed appeared to bs more powerfully
stimulated than those of the rabbit if one may judge
by the greater vigour of the muscular contractions.
On the other hand it may be that the conductivity of
the cord in the rabbit is more readily praralysed than
that in the rat, and that the muscles therefore
receive 1less of the stimulation. Then again
the fact that a larger dose in proportion is re-
quired to produce death in the rat points to its

possessing greater resistance to the actlion of the

VaI10m.




EXPERIMENTS ON BLOOD PRESSURE.
Several experiments were performed in crder
to ascertain the action of the venom on the blood
pressure both before and after the failure of
respiration. These experiments were performed
cn rabbits, and the method follcowed was practically
the same in all. I The rabbit was kept without food

for twenty-four hours to ascertain the true body

weight, weighed, and angesthetised with chloroform.

When anaesthesia was produced, it was continued by
means of ether until the end of the experiment.

The trachea was opened and a cannula tied intec it,
through which the animal respired, and inhaled the
anaesthetic, It was afterwards attached to the
artificial respiration apparatus when natural
respiration failed. The left carotid artery was
exposed and a cannula inserted into it, which was
afterwards attached to the manometer. A cannula
was tied intc the right internal or external jugular

vein, and in some experiments one vagus

= A-:.) \.f)l



was exposed, and a thread passed under it. A |
double stethograph was attached by an elastic band
to the thorax and was connectzd to a Marey''s tam- ‘
bour in order to register the resniratory movements.i
All the tracings resad from left to right, the res-
riratory curve veing uppermost. the blood pressure |
tracing immediately below it, and the time tracing
below that again. The time marking was in inter- E
vals of ten seconds and except where otherwise_noted\
was the abscissa of the blood rrsssurs. The signal
line was the lowest and served as the abscissa in
one or two of the exnsriments. All the dpses in
this series of sxveriments are expressed as parts of
or multiples of the minimal lethal dose when admin-
istered by intravendus injection,

Experiment 78. Plate XVI. fith June 1904.

lab. tsmp., 64° F, Welght of buck rabbit 2524 gramg:

The first solution used was 5 C.C. of Ringer's sol-
ution containing 1 milligram of the venom, the second
1 mg. in 2.5 6.6., and thirdly 2 mg. in 1.5 C,C,

giving a total of 4 mg. in 9 C,C, This was equiva-

lent to 0.00158 gr. per kilogram, or rather more than
the minimal lethal by intravenous injection. The
venom was administered in divided doses of ®.0002

grammes at a time (equivalent to about 1/15th of the

M. Li D, |

At two thirty r.m. the rabbit was anaesthetisad



at two fifty-five was connected with the kymograrh,
and at three o¥clock the record was begun. The

following table will show the course of the expveri-

ment =
2 L e w ey S P P i, 8l RISV L )
Time. Rate of | Resp, Resp. Blood
' Heart | Rate Excur- | Pressure. Remarks.
> | per 10" per 10" sus. - ;
=’L§:éﬁ.m}"4éf e 0. 1 3mm | 95 mem |
z. 6,30" | | | Inj.0:0002 gr.
3, 8 35 | 10. 3 96
3.12 | : Fig. o.
Be 180 |50 | 9 4 o
2, 14.10" | ,
! f ; Injection rereated.
i | Blg. % |
2,18 | B7 i 10 3.5 92
3. 21 i ) Injection rercatsd.
. Fig. 5.
3. 98 | | Injection remeated.
i ! | Fig. 4.
527 | 35 9 ol daes (Tl oa |
3. 30 | | Plate 17, Fig. &5.
3.34 | 35 .8 e | 95 Fig. 7.
3.46 | 39 - A | 2.8 | 39 Fig. 8. [nj. repeated.
| l ‘ Total one| third M.L.D.
Z.44 10" ' I
y ‘ | Injection rereated.
| ' ‘
4.3 37 s ] 2.5 81
4.3 l
20 | Inj. 0.0004
| =8
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4.12

4.13

4.20

4.37

Rate of

seconds.

‘the primary.

(the sciatic at 250 m.m.

Heart. | Rate Excﬁr—
per 10" | per lo" SUuS.
35 7 2
| |
! !
| |
37 | o e
| i
39 9 1
37 8 | 1
3 Impercep-
tible.

Pressure. |

éiooém.

Remarks.

—

81

78

78

{551

Inj. 0.0004 gr.
Total three fifths

M. L, D.

Inj. 0.0002 gr.

Total tw

Fig. 11.|

o thirds,

Inj. 0.002.

Total one and a third

M. Lo De

Eig. 13.

Fig. 14.

At foﬁr_%orﬁy—eight a clot formed in tﬁé caﬁnﬁlé,
the heart was. however, beating regularly and well .
At four fifty-seven its rate was twehty-one per ten
Iseconds, and at four fifty-six it was ten per ten
Stimulation of the right vagus arrested
%the heart, when the secondary coil was 160 m.m. from
The phrenics resronded at 320 m.m. and

This experiment shows after

'the first injections of one fifteenth ¥.L.D. a slight

'stimulation of respiration, increasing the amnlitude

M. L. D;
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of the excursus. though this was accompanied by a |

|
slight diminution in rate, The later doses, es-~ !
pecially after two thirds of the minimal lethal dose%
had been given caused praralysis of the respiration. X
The blood rressure slowly and gradually fell during
the experiment but rose when the resrirations became
deeper. There was a slight fall immediately after
the injections, and a subsequent recovery. The
rate of the heart was slowedimmediately after the
injections. though very slightly, and the diminution
was very transient.

The circulation therefore is but slightly af-
fected with the small doses. . The venous condition
of the blood in the later stages has a distinct ef-
fact, however. The fall of the blood pressure is
explained by the absence of any stimulating action
on the heart =and the absence of a constricting ef-
fect on the vessel walls. A very marked difference
is seen in the action of this venom as contrasted
with a similar size of dose in cobra poisoning, where
the blood pressure, aided by these two factors, re-
mains very high. or actually rises.

In the next experiment a dose of nine times the
intravenous M.L.D. was administered and proved very

raridly fatal.




Time.  |R

Experiment 7¢.

Plate 18. 16th June 1904,

Weight of rabbit 2019 grammes.

Dose 0 .024 grammeses

olved in 2 C.C. Ringer's Solution.

alent to 0.01134 grammes per kilogrem.

and reaching the heart almost in the strength of 1 in
200 paralysed the heart almost as rapidly as it did
the respiration, so that the blood rressure fell
stéadily until death occurred, which happened eight

minutes after the completion of the injection.

39

33

31
27

At 3-12 the blood pressure had practicslly fallen

|t O Zero.

seen fluttering, fully distended, and the contracticns

of hamadryad venom dis~
i
This dose ,

 thrown directly end rather rapidly into the circulation

This was equiv-

éeéh. Re Pe Blood
Rate Excur- Pressure.
per 10" sus.

11 4 79

1c 4 ' 74,5

10 : 5 i 74.5

| i
8 . 2 42
' 36

The thorax was opened and the heart wes

mainly auriculer.

They were arrested when the vagus

Remarks,

Inj. finisghed.

|
Resn. convulsions.

Remainder of the Inj.

Artificiaﬁ respiration.
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was stimulated with the coill at 120 m.m, The heart

was orened and found filled with dark fluid blood.
There was no evidence of clotting: some was col-
lected in capillary tubes, and on examination 24
hours later was found to have undergone no haemoly-
sis. The serum separated out perfectly clear and
colourless, The blood examined microscopically

showed no abnormal arrearance.

Exreriment 80. Plates 19, 20, 21, and 22,

In this experiment the abscissa for the blood rres-
sure in the plates is the signal.
13th June 1904. Temp. -66° F, Weight of

rabbit 1,950 grammes.

In this experiment, which lasted nearly 9 hours

from beginning to end, 3 mgs. of the venom. dissolved

in 1 C.C. Ringer's Solution were injected. This

was equivalent to 1.2 times the M. L.D. by intravenous

injection. The respiration was varalysed in 13
minutes, ard the animal was then kept alive by
artificial respiration for 8 hours, at which time
the heart was beating apparently as efficiently as
at any time previously, and the blood pressure had
fallen only to about three fifths of the height at
which it was at the beginning of the experiment.
The artifiicial respiration was intermitted at
several periods to ascertain whether the natural

respiration would recover. It did so partizlly,




Time.

| Tl -]4.:%_6."“- E.-

11.15

1117
11.1@
11.22
11.27
11.28

11.3%4
3l S
12 noon.

12.27
12.35
1.51
2.50

«20

were too slight to sufficiently aerate the blood.

respiration was again resorted to:-

Rate of
Heart
per 10"

38

33
28
36
24

o
St
38

36

30

20

10 before
15 after.

21

the respiratory movements which did occur, however, '

The circulation then began to fail and the artificial

ReSp; Bl
Rate ExXcur- Pressure
per 10" f Buse -
O i | BEERE i
|
11 | 5.5 . 85
20 3 5
13 (= E% |
10 1 .
; 139
i
opped A.R. . Rise
" L i 103
" ] I 83
: 110
; . 115
" " |
| 35
" " :
|
| 105
' " ‘
Q7
" "
83
" "
AI‘t ifc |
Resp.

74

Remarks.

Inj. .003 gr.
during 30".
Fig‘ 1.

More ether given.

Fig. 2.

Fig. 3.

Artificial res-
piratioa

Plate 20,

Fig. 4.

No voluntary .
resp. movenments.
Fig. &5,
Fig. 6.
Fig. 7.
No volunﬂary
movements.

No voluntgry

movementis.
Fig. 8.

Slight Vol,
movements.
Fig. 9.

slight vol.

Voluntary
ments, Fig.
Plate 21,

nove-
11.
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Time.,

Rate of Resp - Resp. 3166d : | Remarks.
Heart Rate | Excur- | Pressure. |

per 10" per 10" | cus. | |

Stopped A.R;

| for 160", Blood very venous.
5 | : | Fig. 12. |
Stopred A.R. ' | Vel aerpy g, 07
for: 210" ; i Plate 22, Fig. 13.
& | 5 !

19 A. R. on.

17 92 | Plate 215 Fig. 14.
| No vol. Movements.
| No asphyxial rise.

4 before, ' :

18 after. ; | 79

19 f ' 79 | Stim. left vagus.

i Active at 100.
Plate 22, Fig. 15.

J55 i 79

29 | 74 Fig. 186.

' Experiment stopped.

L e e S =

When the tracing was stOprea ﬁﬁe £horax was orened
and the phrenic nerves were tested and found to be
active with the coil at 240 m.m. We see therefore
that with the minimal 1§tha1 dose there is to some
extent a restoration of the natural respilratory
movements by the prolonged use of artificial respir-
ation, even when the animal is in such unfavourable
conditions as were experienced here. These were
the very rapid poisoning at the beginning, the ex-
treme venosity of the blood at the end of the periods
during which artificial respiration was susrended,
and thé effect of the anaesthetic continucusly ad-
ministered for hours. The nerve ends, however,

even under these conditions are not paralysed.

o
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It was interesting to observe that in the

earlier stages of the experiment the asphyxia caused

& rigse in the blood pressure, which was maintained
for a considerable period after the artificial res-
riration was resumed. During the later period,
however, this effect was less and less marked, until
towards the end. when asphyxis caused no rise and
the blood pressure steadily fell. This appears to

point to a raralysis of the vaso-motor centres.

Experiment 81, Plates 23; 24, and < - I5th

June 1905. Lab., Temp. 68° F.

To a buck rabbit of 1,990 grammes there was ad-
ministered in the same manner, 6 milligrammes of the
venom. This dose was equivalent to 2% times the
minimal lethal, and caused paralysis of the respira-
tion in 7 minutes after the injection. Under
artificial respiration the heart remained beating
efficiently at the end of 4% hours, the rate, how=

ever, being somewhat slowere.




11.44 |
11.46.30"

|
11.47.30"
11.50
11.51
11.53
1205 |
12.95 |

12.25
12.38
12.54 |
1.0 .
1.56 '
2 eon
2.3%
2.34

304
.1

[ B
= A

NN

ate of

Heart
per 10"

46

55

54
49
42
42
42
47
38
37
39

34

30

At 4-28

‘responded at
|

ithe heart.

Rate |

| Art. Resp.

|
|
!

" Blooa

Pressure.

115
114
98

138
138
133
103

103
100
105
105

88

89

74

79

Inj. 6 mgrs, H
Plate 23, Fig.
Inj. completed
Fig. 2.

Fig.

Left
180

vagus act
m. m'

Fig. 4.

Lef't
150

vagus act
m. m.

1" "

Figl 5-
stopped.

Exper

the thorax was opened, the phrenic nerves

290 m.m., the vagus at 120 m.m.arrested

When the sciatic nerve was exposed and

'stimulated, it responded at 1850 m.m.

The nerve ends
were therefore intact 4% hours after having been ex-
posed to the poison, which was sufficiently active

'to paralyse the respiration in less than 10 minutes.

3, Plate 24.

ive at

ive at

t

iment
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In the next experiment 1in wliich rather more
than a lsthal intravgnous dose was givenp and in
which the dose-was_reﬁemted in A8 nirvtes the vagus
was stimulated 2370.c t1ke poisoning aﬁd at various
intervals aftar te see_;?c1ﬁer there was any increase
or diminution in the excitability of the nerve ends.
Fifty minutes after the paralysis of respiration, the
animal having been kept slive by artificial respira-
tion, it was killed, and the phrenic nerves found to
Be aotive: There was No evidence of the vagus nerve

being markedly affected in the direction either of
8 y af

stimulation or of raralysis.

Experiment 82. 10th June 1904. Lab., Temp.

570 F,.  Weight of rabbit, 1877 grammes.  Dose
0.0021 gr. per kilo. rereated in 45 minutes. The
total being 0.0042 grammes per kilo. The rabbit
was injected at 4-=30 r.m The vagus responding to
a stimulus of 150; at 5.44 the respiration ceased,
the vagus having shown no change; at 5=18 the vagus
responded at 140;:and at 8-35 at 120. At this time
the phrenic nerve was exposed and found to be actlive

with the colil at 370 m.m.

In the next Experiment a larger dose was glven, -

about 4 minimal lethal doses. and this dose was re-

reated after 2% hours, during which time the vagus
- } {om ]




| The total dcse was therefore 0.0104 grammes per kilo. ,

i
|
was repeatedly tested. The total dose was therefore|
about 8 times the M.L.D. by intravenous injection.
and the animal was killed 3 hours after the comple=
tion of th: second injection, at which time the
nerves were found to be active.
In view of the fact that a slightly larger dose

administered at one time, (Experiment 79) had caused

a rapid and complete fall in the blood pressure it is

interesting to ohserve the fall in ths blood pressure
which cccurred after the second injection, which wes, |
however, very much more gradual. The heart was

beating 2 hours and 50 minutes after the second in=-

jection, which shows that the arrest of the heart in

the former experiment was more influenced by the cone |

centration of the dose than by its actual total

amount.

Exveriment 83. Plates XXV and XXVI. 17th

June 1904, Lab, Temp. 70° F, Weight of rabbit
2297 grammes, Dose 0 .012 grammes, injected intra-

venously, and the same dose repsated in 2} hours.

or rather more than eight times the minimal lethal dose

-

L]



Time. Blood Vagus | Remarks.
Pressures. Stimulation.
= = it B S e = el i e I T
1131 | 32T mom, 150 m.m. | Plate 25, Fig.1
11.41 {1106 Inj. of 012 gn
11.42 ‘ 30 .
11 .47 105 Fig. 3, Resp. @
1.49 70 150
12.1 62 i |
12.15 g
12.35 - - u
12.45 | I E [ eREE.
1.2 56 | i |
1.58 72 ‘ 100 Plate 26m Fig.
2.22 ; 68 | ‘
2.23 | | Inj. 0.012 gran
2.40 ; | 100 '
2.47 48 i
2.58 i 110 Fig. 5.
3 .44 ittt | " Fig. 7.
4.49 30
4,59 11 ! S
5.12 | 38 1 i Rig. B,
| |

At 5~13 the aﬁimal was killed, the phrenic nerves
exposed.gnd found to be active at 330 m.m.

An interesting feature in the blood pressure
curves is the initial fall, occurring immediately
after the 1njection, which is checked by the failure
of respiration and the production of asphyxia csusing
stimulation of the vasomotor centre by the venous
blocd. This initial fall is == accomnanied by a .
slight slowing of the heart, and is not due entirely
| to a stimulation of the vagal centre as is shown by
the fact that a similar fall occurs after the vagi

have been previously severed.
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Experiment 84. 7th June 194, Lab., Temp.

859 F, Weight of rabbit 2125 grammes. T“J:'alc’(.icallyIt
the same dose was administered in this experiment as
in experiment 79 = a dose that is of about 9 times
the minimel lethal. In order to guard against the
rapid paralysis of the heart by a similar local actio#

1

,.,.
o

d tion was dcubled. and the period of injection
rather prolonged. The dose given was. 20 mgrs. 1in

‘ 4 c.c. of Ringer's solution:-

' Time. | Rate of | “Blood: Remarks.
Heart Pressure. TR
12.19 il 94
12.20 ' . Left vagus cut.
12.21 . Right " B
[ 12.24 43 151
12.25 [ Inj. lasting 3
12.2 42 ; 107 mins. 20 secs.
12.29 43 \ 127
| 1230 . Artifiicial resr.
12431 45 ' 148
1L 38 [ 745 !
| 2.43 31 23 '
Sa41 28 : 53
4,49 ' 29 29 }
Bs ' Heart arrested
in diastole.

Death took place therefore in about 4} hours

after this injection; the symptoms following much

Vil Gty w s = > 200

the same course as those in the experiments in which

i

| the vagus was intact. :

The post mortem aprcarances after this large dose

and prolonged period of time were limited to slight

|congestion of the various organs., The blood showed

no abnormality, and no trace of haemolysis after 24

hours.

/ 4




In Experiment 85 the same large dose was given,

after the vagl had been cut. The vagli were stim-
ulated before and after the injection, and arpeared
| to retain the same amount of activity. Towards the

end of the experiment artificisl respiration was in-~

termitted for various neriods, and in each case

| caused a rise in blood pressure until asphyxiz was
| well established, after which the blood pressure fell.
artificial
1 hour and 30 minutes after the injection of the
| polson, This shows that even with so large a2 dose
it

the vaso-motor centre remains active,and may be con-

trasted with Experiment 80, in which a smaller dose

.was given, and the animal kept alive for 8 hours, at
he end of which time the rise in blood pressure was
not seen,

This difference shows that the element of time
is of considerable importance in the poisoning of the
nerve siructures other than the respiratory centres.
A smaller dose with a longer period of time in which
to act produces an effect on the vasomotor centre
zreater than '9 times ‘that dose will produce in a

shorter period. The element of

1

tine being allowed sufficient to produce an effect

on nerve ends has bsen observed by Ragotzi(/3) and
other observsrs with regard to the action of cobra

VZ2Inom.

This rise took place when the respiration was stopped

A
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Experiment SB. Plates 27, 28 and 29. Dose

001 grammes per kilo. Weight of rabbit 1550 grs.

Lab, Temp. 65° F, Both vagi divided:-

Time. Rate of . Resp. Resp. Blood Remarks.
Heart. per 10" Excur-~ Pressure.
per 30" | _ sus. ;
e — e — l E——
393367 | 81 RESEG L | 4 m.om. 935 m.m. | Absclssa for
B.B. is signel.
. line.
g 3.13.50" ; ; Left vagus cut,
£ 3.14. 49 | 15 | 5 1086
3.15 : Right " it
' Fig. 1.
} 3.15 51 e S 5.5 122
F 5.18.30" | Vagus active
y | at 150 m. Ms
| 'S.17 47 : 11 | 5] 114 ;
| 3.17.25 | Inj.| -015 gr.
' ; Fig, 2.
3.19 43 11 2 aNn
& 3.20 .20" 43 |Artificial Respiration. 128 Plate 28, Fig. 3.
| 3521 563" , i begun. 102
3.29 30 | | a Vagus active
| at 150 m.m.
340 41 | ? 58
[ 4,28 ' ! - Vagus active
at 100 m.m.
Fig, 4.
4,31 29 - 55
4.31.20" Artificial respiration : Fig.| &,
| storped
i oy X30".
4.41 } " " |
4 for 100". . Fig.| 5.
4.47 15 ! 14
e 5 | | . SIS

fﬁs hearé_éﬁfé;reénég bé affec%ed therefore in
precisely the same way, whether the vagl were in-
tact or severed.. with regard to the fall of the
blood pressure,but with the vagi divided, the heart

| maintained the same rate of contraction.
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In order to see if possible the alteration proe-
duced on the contracticn of the heart of such a large
dose, a tracing was taken by means of leveré attached |
to the right auricle and right ventricle respectively.
The blood pressure was recorded at the same time.

The pate of the heart. in this exreriment, did not

appear tc be much altered, but the amount of auriculan
and ventricular contraction was distinctly affected.
After the immediate effect of the injection upon the
heart had passed of f the heart recovered apparently

completely.

Experiment 85. Plate 30. 8th January, 1905.

Lab. Temp. 61° F. Weight of rabbit 2110 grammes.
Dose 0.021 grammes in 1 c.c. of Ringer's Solution.
This dose was equivalent to .01 grs. per kilo., and

injected slowly, the injection occurying a periocd

wa

m

of 80", At 2-10 p.m. the animal was anaesthetised,
the respiratory tube tied into the trschea, the can-
nula tied into the left carotid artery, and a cannula
tied into the right external jugular vein. The
thorax was opened and the hearf exposedqd. Hooks were
attached to the right auricle and right ventricle and
connected by means of silk threads to two levers,
writing the one above the other. When the thorax

was opened the respiratory tube was attached to the

artificisl respiration arraratus, which was started

ol &
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At 3~28 the tube in the artsry was con-

nected to the manometer, and the tracing recorded.

The time marker was the abscisza of the blood Pres-—-

sure.-
Rate of Amplitude Blood i
Heart . of ¥entricle, Pressure. Remarks.
per 10". | T
473 | 9 | B3
44 9 53
44 9 | 53
43 3 I 53
42 9 | 53 Inj. begun.
41 ] | B3 Plate 30 ,Fig.
41 8 | 53 10A
38 3 | B3
41 9 50
33 2 50
39 3 483
23 3 45
40 8 42 Inj. ended.
40 D 40 .
29 5 . 34
39 5 34
38 4 I~ 52
38 4 | BT
29 4 | 30
40 4 | 30
40 4 | 28
4] '
9 4 28
41 4 28
41 4 24
40 5] 26
23 A 26
35 8 28 Fig. 2.
35 6} 28
28 3 22 Fig. 3.

large dose is therefore distinct though slight.

The effect of the venom on the heart in this

e

The

rate is very slightly slowed, but the fall in the
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|
|
| . -
| blood pressure is to be accounted for.mainly by the
| S
! diminished amplitude of the heart's contraction.

' CONCLUSIONS FROM BLOOD PRESSURE EXPERIMENTSL

The conclusions to be drawn from these experi-~

ments are that the blood pressure gradually diminishes
:this action being very slight with small lethal doses;
more marked with large doses. A marked difference
| is observed therefore between this action and the
action of the cobra venoms, which is distinguished by
a high blood pressure. The heart is gradually
slowed partly owing probably to an action on the vegal

centre in the medulla, but mainly to the action of

the venom on the heart itsslf. where present in suf-

ficlient quantity.

The action of these venoms being in certain res-
pects so similar, we are enabled to confirm the con-
clusions arrived at by the investigators of the ac-
tiohs of the cobra venoms when they lay much stress
on the action of the venoms on the blood vessels as
an important factor in the maintenance of a high
| blood pressure. The Hamadrysad venom being free from
this action on the vessels causes therefore a con=-
sistently low blood pressure, especially where Fhe

dose given is sufficient to affect the heart directly.

*



| pETERMINATIGN OF MINIMAL LETHAL DOSE BY SUBCUTANEOUS INJECTION FOR CATS.

The symptoms of poisoning in the cat may be

seen in the descrintion of experiment 90.

In

order to economise the venom, the larger doses

were administered to half grown cats so that the

effect is rather more pronounced than would be

the case had a full grown animal been taken.

The smaller lethal doses, however, were injected

into full grown cats and the minimal lethal dcose

found to be betwesn 0.01 and 0 .02 grammes

kilo.

Expsriment 0.

Temp 55° F,

1310

nacts were 34 per 10",

gramme s.

Half grown

At 11=30

12th February 12035,

ner

Lab.

nale cat, of welight

Ze e

the cardiac im-

the respirationsll to

15 per 10", and the rectal temn. 102.4, at

No. Dose in | Weight Quantity Amount of| Result: Remarks.
of gr. per | of eat of venom Solution.
Bxrt kilogr. in kilos.| in grammes
injected.
87 .0.0053 | 1.695 0.008 in 1 C.0C.|Recovery. | Strongly af-
- { fected.
e, (00105 | 1180 0.033 in 1 C.C.|Recovery. | Very i1l for
24 hours.
89 HRO2 2.305 0.045 in 1.5 C.C. |Death. Died in 2 hrs.
50 mins. °
on 003 | 1.805 0.n54 iin 1.5 C.C. |Death. Died in 3 hrs,
91 01,05 1.598 0.088 in 1.5 C.C. |Death. Died in 2 hrs.
] 50 mins.



At 3 0'(

At 3.30

At 4.12,

r

2.25 p.m. 0.054 gr. of the venom, dissolved in 1¢.C.
Ringer's Solution was injected subcutaneousiy into
the right flank and washed in with .5 C.C. of the
solvent.

At 2.4Q0 the cardiac impacts wers 33 per 10",
and the regspirations 14. The animal, which had
previously been very active, now preferrsd to sit
guiet. The respirations were rather desrer than
they had been at the time of the injection.
ne cardiac impacts were 35 per 10", and the
respirations 14. The cat had remained guiest, and
was now lying on its side 00119d up with the head -

drooping.

the rate of the heart was 35 ner 10", the respirations

2

10 to 14 per 10", and the temp. 101.92. The cat

.,

was sittinzg up, the eyes halfl clossed and the res-
piratory movements wers interrupted occasionally by
a slight choking sound or cough.

the heart was felt to be beating at the rate of 42
rer 10", strongly and regularly, but the respiration

had diminished to 10 ver 10" and were shallow and

jerky. The animal sat guietly with its head resting

on ths table. When it was disturbed it could raise
itself and walk about for a few seconds, but soon

regained its former position

-/‘csf" {’“r
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At 4.30|, the muscular weakness was more pronounced. The

‘ cat was unable to 1lift its head and lay on one side.
The resplrations were & per 10", gasving and ir-
‘ regular., When the eyeball was touched the syelid

moved slowly =marking a diminution of sensitivene

1]

s.
The heart was at the rate of 47 per’10", beating
strongly and regularly.

At 4.80|, it saﬁ un for a moment, and then fell on its sije,
and remained in that position with its head restinz
on the table. The cornea was guite insensitivs,
the rectal temperature was 99.5. The respirations
were © per 10", shallow and jerky.

At 4,87, it tried to rise to its feet but was unable. The
neart was slowsr and more lrrzzular, the rate vary-
| ing from 25 to 28 rer 10"

At 4.59, some urine was expelled, and at 5.3 there were
slight convulsive movements. The pupils.,un to
this period, had bscome more and more contracted,
and the respirations had diminished in rate to 4
per 10". They had also altered in character,

the abdominal movement »receding the thoracic ap-
nreciably.

At £.9, |[there were slight movements as if to shift the
rosition, and the respirations were still 4 per 10",
of a slightly gasping nature. There was 10 nolse

accomranying the movements, and no salivation.




At 5.15,

At 5.19*

ﬁ
At 5.48

the rate of the heart was 15 per 10", and the res-

pirations 3-per 10", There was a slight convule

mn
forte

on,the hind and fore legs jerking.
the respirations stopped, and the pupil dilated.
The heart was bsating, gradually slowing in its

rate and became imperceptible at 5.22. Artificial

=

resy
and expanding the ribs, and-at 5.23, the rate of
the heart had risen to 25 per 10", and the pupils
again contracted. Artificial respiration was ner-
formed until 5.48, during which time the »upil re-
mained contracted so lohg as the respiration was
efficisnt; when it was intermitted the runil at
once dilated and the nesart slowed.
the nerves wers exposed and tested, the phrenic re-
sronded at 1450, the vagus at 100, and the sciatic
at 350.

The post mortem appearances were those of
slight congestion, there being a little more ir-
ritation at the seat of injection and oedema than
had been observed in the case of the rabbits. The
blood, however, showed no abnormality.

The gymrtoms of poisoning in the cat are very
like those in the rabbhit ani the rat, and are prob-

ably produced by precisely sinmllar actions.

ration was performed by alternstely compressing




which we have bsen contrasting.

rer kilogramme, presents thase

An interesting comparison can now be made with

rezard to the comparative lethality of these venous.

The following

table, in which the doses are expressed in grammes

= African. Indian Indian | Hamadryad., Krait.
Cobra,  Cobra,  Cobra,
> ' (Frasar%'7)(ElllotJ
" Rabbit. | .0003 | .000245 | .0005 0025 000083
Rat. ! 00025 0005 003 001
Frog. 001 L0002 004 0005
Cat. 005 .01 02
The proportions may be shortly expressed, taking
the smallest dose in each case as unit "in the following
table: -
Rabbit 1 | J: 1 1 1
Rat. s 5P & 1.2 1.2 112
Frog. 3.3 1 1.6 5
Cat. 20 20 10

The relationship between the lethality, propor-
tions of the Hamadryad and Cobras are fairly consistent

and diffsr considerably from that of the Krait.

4




ACTION ON THS BLOOD.

The action of the venom on the blood is as we
nave seen very slight, In many of the experiments
determinations were masde of the numbers of the '

red and whits blood corpuscles. The number of

the Former was Tound to be practically unaltsred

during all stages of ths poisoning. The latter
were, however, generally increased. The enumer-

ations werse made by means of the Zeliss-~-Thoma Haemo=-
cytometer.

In the cat for example, which received 0.03
grammes psr kilo., and which died in 3 hrs. thae
1eucoéytes before polisoning numbered 14,800 per
cubic millimetrs. Two hours after poisoning they
wer2 increased to 15,600, and three hours after
poisoning they numbersd 17,000.

In the cat which receivad 0.01 grammes per kilo
and which rscoversd, the leucocytes before polsoning
were 15,100, and three hours after polsoning were
18,300. In twenty four hours they were 20,400 ,and
in forty eight hours 192,700. On the fourth day
they were 18,500, on the sixth day 17,700, and on
the fourteenth day 16,500. The increaqe aprears

to be mainly due to the increased number of finsly

sranular eosinophile lsucocyties.
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With regard to the haemoclytic acticn of the
venom which was found tc be non-existent in corpore
in the quantities employed in the experiments and
which has been investigated by Lamb(1l1) we may state
that it is very much less than that possessed by the

cobras and krait.

When washed corpuscles of frogs blood and of
rabbits blcod were mixed with the poison complete
haemolysis cccurred when the poiscon was ﬁresent in

the strength of 1 in 500, and 600; partial haemolysis
wags seen in the cases of strengths of 1 in 700 and 800

and none in sclutions weaker than these.

[PATHOLOGY.
In all the examinations made post-mortem
the appearances other than those due to asphyxia were
very slight, being limited to evidence of congestion
of the kidneys, liver, etc. and the subcutaneous
tissues at the seat of inoculation. And these
appearances were very much less in amount than those
which we are asccustcmed to see in cases of pcisoning
by the olher venoms. At the same time the
plteration in the celis of the anterior ccornua.of the
cord described by Lamb and Hunter 1 as occurring in so
mcnkeys poisoned with Indian Cobra venom, and by

Prentice in frogs poiscned with African Cobra venom

is /




is prabuhl& similar in the case of hamadryad venom.
The desquamative nephritis found by Fraser and
by Prentice in the case of Indian and African Cobras
respectively alsc bul to a less extent probably
cccurs in hamadryad poiscning

Gt

GENERAL SUMMARY.

L
Toxicitye. This specimen examined possessed ipth
of the activity of the ccbra venom used by Fraser
end 1th prebably cof hamadryad venom used by Rogers.
In this connection it dis Interesting tc note that in
ancther specimen of Hamadryad venom which I have

sxamined but the results of which are not incorporated

in this paper the activity much more nearly

]

approximates in the toxiecity for the rabbit to the

figure given by Rogers for warm blocded animals.

Nervous System. Its acticn is mainly on ihe central

nervous system, and it acts most rapidly cn the
Respiratory centre in the Medulla. The reflex
conductivity of the cord is also affected and finally

the peripheral ends of the nerves &re affected, but

of the peisoning.

Circulatory System. The acticn ie comparatively
slight and is in the directicn chiefly of lessening
the activity of the heart. The heart is arrested in

gradually/

/62
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gradually increasing diastcle and its ncrmal desth

is apperently hastened. There is in addition &
bition produced which is to some extent
cf’ central origin, probably a stimulsticon of ithe
vagal inhibitory centre.

The blood vessels are practically unaffected by
any direct action on their walls; and the blcod

except for a leucocytosis and feor the changes of an

asphyxial nature practicslly unaltereds:
Skeletal Muscle. The local action ie comparatively
slight and is in the direction of preducing slightly

more rapid fatigue and ncrmal dealh.

Temperature. The venom causes a rise in the

temperature in the cases c¢f sub-lethal doses and to

a slight extent with emall lethal doses. A rapid

fall is seen with large doses.

I must excuse the omissicn of several experimente
which might be perfermed in order tc render nore
definite cur knecwledge witﬁ regard to the action on
the circulaticn through the nervous system, but the
cocmparatively lew toxicity ccupled with limited
amcunt of vencm have prevented me from performing as

many experiments as weuld ctherwise have been




I must in conclusion exprees my thanks tc

8ir Thomas Fraser for all the facilities afforded

me and for his kind permissicn to use this material.
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