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The work dealt with in this paper has been carried out in the Materia

Ye

Medica & Physiological laboratories of Edinburgh University;& I cannot be-
5in without ac'nowledfing my great indebtedness to Professor Sir Thomas
vraser & to Professor Schafer for their kindness in permitting me to use
their laboratories.,% for the ever-rsady & valuable help thev havse éiven me.
At Sir Thomas Fraser's suggestion I commenced last May to study the
pharmaoological action of Indian Cobra-venom,% I made a number of blood-
pressure & other tracings.The farther the work progressed & the more close
-ly one analysed one's tracings,the more obvious did it become that one
was dealing with a poison whose action was highly complex.In the production
of a single familiar phenomenon.,such for instance as the slowing of the
heart,several influences were plainly at work,& some of these were avparent-
~-ly antagonistic to €ach otherg. _
There are 3 features of a blood-pressure tracing taken from gi?i?ééned
animal which are especially striking,namely the failure of respiration after
2 oreliminary stage of intermittent excitation,fhe slowiné of the heart,& ¥
the maintained high level of blood-pressure.If however a rapidly fatal dose
of the venom is administered,the phenomena are somewhat different.Rlood-"
preséure % respiration fail suddenly.& though they may both be temporarily
restored,a late steady fall ﬁdqﬂysets in,% soon heralds death.The slowiné
of the hsart is likewise modified,for though it is a very evident feature %
at a2 late stage of the traciné;it is often masked or absent in the early
stages.

When one comes to follow up one's previous work bv the study of the
changes in the force of the auricular & ventricular beats,with an open
chest,% the use of heart levers,the results obtained apnear conflictiné;&
are certainly most puz~-ling.Indeed ,the more one varies one's methods of
experiment,& the wider éround one covars,the more is one imoressed with
the complexity of the influences at work. There can be no doubt,for instance

that all the medullary centres are in process of asphyxiation,as an
outcome of respiratory failure;side by side with this,there appears to be
svidence that these same centres are first stimulated & later more or less
paralysed by the direct action of the circulating venom; nor can there be

reckdve their .
nuch doubt that certain nerve-ends,share ¢f the paralysing effects of

cobra poison.The vagus may be cited as a case in point.Add to all this that
the venom has a direct & important action both on the cardiac tissue & also
on the muscular coats of the vesssls,® the difficulties of the problem

to be solved are sufficiently obvious.

i
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@E;?had 1ittle difficulty in deciding that no real progress could be made
till the direct influence of the venom on the heart & blood-vessels had
: been clearly ascertained:& the motive of the present thesis is to fill in
thig void in our knowledge,& thus to enable us to oroceed later to a just
appreciation of the complicated influences which mould the form of a
blood-pressure traoing taken from a cobraised animal.
The thesis naturally falls intq 4 heads,which will be dealt with in
turn,& which méy be thus summarised:--
(i) A study of the minimum lethal dose of the venom we=d for each
different class of animal used in this research. ‘
(2) A study of the direct influence of Cobra-venom on the walls of
the frog's blood-vessels.
(Si A study of the influence of cobra -venom on the isolated frog-"
heart. &
(4) A study of the influence of the same poison on the isolated

mammalian hearte.

Before I enter on my own work,however,a few words must be said as to the
bibliograohy of the subject.Befors Professor Fraser & Professor Calmette
published their epoch-makking work,the literature of snake venom research
was comparatively limited. Since that time it has grown by leaps & bounds
2 the mere categorical repitition of titles & authors on this subject

would alone fill vages.Amonzst 2all this work there is howsver comparatively
little on the vharmacological action of venoms.

For a long time Brunton & Fayrer,& Weir Mitchell & Reichert remained
alone in the field. Since the renaissance of the subject in the last decade
other aspectis of the case k=wm seem=2 to have proved more attractive to
Wworzers,% it was this which made Sir Thomas Fraser suggest to me that the
thorough investization of the pharmacological action of venom would be a
fruitful & profitable line for research.

Martin's work on the subject invaluable as it is,is mainly directed
& naturally so towards the Australian venoms,whilst I am equally naturally
most interested in the Cobra.
Of Ragotri's work I wil! have more to say in a subssquent communication,

when I hope to be able to do more justice to this subiect than is at all

'possible at present.




Reprinted from the BRITISH MEDICAL JOURNAL, February 10th, 1900.

AN ACCOUNT
SOME RESEARCHES INTO THE NATURE

AND ACTION OF SNAKE VENOM.

By Caprain ROBERT HENRY ELLIOT,
M.B., B.8.Lond., F.R.C.8.Eng., D.P.H.Camb,,
Indian Medical Service, Madras,

[TaE work dealt with in the following pages was carried ouf
with the aid of a grant most generously made to the writer for
the purpose by the Madras Government, and it seems fitting
that this record should be prefaced with an acknowledgment
of the author's indebtedness to that Government for the large-
hearted policy which has enabled him to carry out these
researches; he is all too conscious of how little has been done
in return for their generosity.]

I.—PRELIMINARY REMARES oN THE METHODS EMPLOYED,
Method of Collecting and Storing Venom, Bile, ete.

In order to collect and store venom, bile, ete., the snake is
first chloroformed and nailed on to a deal table; the blood is
then collected by manipulations to be described later on, and
the gall bladder is removed by making a long median ventral
incision over it, cutting out the bladder together with the
surrounding fat, and then making an incision into the most
dependent part of the sac with a sharp pair of scissors; the
bile flows into an evaporating dish, which is at once removed
to a water bath kept at a tem&)erature of 100° F.; as soon as
the contents of this dish have dried the vessel is placed under
the receiver of an air-pump, over concentrated sulphurie acid,
and the air is exhausted ; after twelve hours in the receiver
the dish is removed, and the now dry bile is easily separated
from the bottom of the dish, with the aid of a spatula or knife ;
it is at once placed in a dry glass tube, and tightly corked till
required for use.

AAffer removing the gall bladder the poison sacs are next
dissected out, and their contents squeezed into a dry watch-
glass, which is placed in a cupboard for a few hours till the
poison dries into scales ; if the atmosphere is damp, as is the
ease in the monsoon, the venom is dried by floating the watch-
glass on a water bath at 100° F. for a couple of hours. The
ease with which the poison separates from the glass when
dry is remarkable ; tapping the bottom of the glass is enough
to separate the whole amount of venom from it in a few
seconds. The dry poison is removed without delay into glass
tubes previously dried at a high temperature, and allowed to
cool before use; the tube is tightly corked as soon as filled.
‘When undertaking a series, or & number of series of experi-~
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ments, the total stock of poison which it ie intended to use
ig transferred to a glass mortar, finely pounded, and intimately
mixed ; it is then stored as before in a well-corked bottle and
kept in the dark.
tvery manipulation ig earried on with the strictest atten-

tion to the prevention of the introduction of septic matter, all
vessels being sterilised by heat beforehand, carbolic lotion
1-20 being used for such instruments as cannot be safely made
hot ; all corks used undergo a prolonged baking on a tin
plate above the flame of a spirit lamp. :

I have had frequent oceasion to notice the worrectness of a
statement, made to me by Professor Fraser, that the poison of
the Russel viper dries in long needle-shaped erystalline-looking
mzla)sses unlike the shorter fracture of the dried poison of the
cobra,
While working with live snakes a tourniguet of india-
rubber tubing, a sharp knife, a cautery of some handy form,
and a stock of crystals of potassium permanganate should
always be kept handy. It is well, when possible, to have
anotger medical man present; accidents occur when least
expected, and the means to combat them should be ready at
moment’s notice. I should be wanting in gratitude if I
failed here to acknowledge the debt I owe to Captain Samman,
R.A.M.C., whose prompt action saved me from the very un-
. pleagant consequences which might have followed a serious
accident with which I met whilst handling a Russel viper.
Captain Samman at once applied a firm ligature, and followed
the fang puncture down to the bone with a knife ; he then
gucked the wound dry, and finally filled it with crystals of
potassium permanganate. The result was that I escaped
with nothing more than a painful sloughing wound. In the
h;tllllre 3. stock of Calmette’s antivenene will always be kept
at hand. :

Standardisation of Solution and Mode of Administration.

‘When it is intended to perform a series of experiments, a
rough calculation is first made of the total quantity of poison
likely to be required, and a quantity in excess of this is care-
fully weighed out in decimals of a gram, on a scale showing
Jrmg. In order to minimise any poasii)le error in weighing
the writer never weighs out less than 2o mg. of poison at a
time; each milligramme of venom is then gissolved in 1 or in
10 e.em. of freshly boiled and cooled water) according to the
strength of solntion required. It will be noticed that these
two. solutions are respectively of the strength of o.cor gram
and o.ooo1 gram of venom per c.cm. of water; the weaker
solution is only used when the doses to be given are so small
as to render their caleulation difficult otherwisel?

‘While conducting a series of eriments the solution is
frequently stirred with a glass rod in order to emsure the
evenness of the strength of solution. For each dose some
solution is drawn up info a 10 e.cm. syringe, and the air
having been expelled, the exact amount which it is required
to inject i3 marked off by the aid of the revolving button on
the piston axis; the dose is then given, either subcutaneously,
or otherwise as may be desired. The syringe is sterilised by
filling it several times in succession before operation from a
beaker of rapidly boiling water,

Parallel series of experiments were conducted to asecertain
whether the degree of dilution of the venom in the above-
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named two strengths influenced the lethal properties of the
dose. The length of this article forbids the publication of
these tables here; but the result showed most clearly that
the influence of the 1o-fold dilution was inappreciable. It
will be noticed, however, that in the various series of experi-
ments one or other strength has been rigidly adhered to.

Preparation of Animal.

The animal is prepared for the injeetion by cutting off' fur
or feathers, and carefully washing the skin with 1-zo earbolie
lotion.

Before undertaking any series of experiments it is neces-
sary that all preliminaries should be carefully arranged
beforehand in order to avoid confusion. Hach animal of the
series is therefore first weighed in pounds, ounces, and quarter-
ounces; the result is converted into kilogrammes!*’

Means for subsequent identification are nexf taken ; rabbits
are branded in one ear with a serial number, care being taken
to brand deep enough to destroy the fur and fur-bearing skin
and no more ; if lessis done the mark wears out, while if more
is done the result is sloughing, cicatrisation, and confusion ;
the animals scarcely seem to feel the branding. Fowls are
marked by means of a wooden tally tied on under one wing.
In all cases the colour, sex, etc., of the animal is noted.

The weight in kilos. being known, and the dose per kilo.
having been decided on, a simple multiplication gives us the
total dose the animal is to be given ; and knowing the strength
of our solution of venom, another easy calculation gives us
the actual dose required in cubic centimetres and fractions of
a centimetre,

The following columns in the experiment book can now be

entered :

gen Identify-|Weight | Dose | Actual Course
Experi-|Date. | Hour. in in er |Dosein| Remarks. of
e Marks. | Kilos. |Kilo. | c.cm. Events.

The first seven columns should be entered before starting
to work on the series, the others subsequently.

The Prepa.rat.ion of the mongoose requires a separate para-
graph’’ These animals are go vicious, so wonderfully agile in
their movements, and so strong and active, that it is advisable
to weigh them, calculate their dose of poison, and administer
it at one and the same time ; they were brought in cages by
the men of a caste who spend their lives in such occupations;
in order to eatch them, a running noose was passed through
a hole in an iron rod, and this was insinuated over the ani-
mal’s neck through the slightly opened door of the cage, the
noose was then quickly pulled tight, and the animal was
dragged out, securely tied, weighed and dealt with at once.
In spite of every precaution, both I and one of my
assistants received severe bites; these were delivered down
to the bone in the fraction of a second, and were extremely
painful.

Caleulation of Dose: Idiosyncrasy of Animals.

Before starting to work on any species of animal, a long
geries of experiments was first undertaken to ascertain the
dose of the poison to be used which would be certainly fatal
in a limited period of time. At first an effort was made to
work with the minimum lethal dose per kilo., but it was soon

(31410 animals are new Wedghed d{'r((-rh{ o @rammes .
careful handling.
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found that this method introduced many difficulties. It was
found, for example, that a dose of cobra venom corresponding
to o.0004 iram was the lowest dose per kilo. fatal to a rabbit;
on the other hand, higher doses than this from time to time
roved non-lethal, and rabbits occasionally recovered from
goaea as high as o.oco7 per kilo., though this was very rare.

If one fact stood out in bolder relief than any other it was
this: that the personal element (if one may be excused the
term applied to animalg) is a factor never to be forgotten.
G‘rranteg that the greatest care is taken to weigh the animals
under the same conditions, that the poison is from the same
stock, and most carefully weighed and apEortioned,' that
every effort is made to inject the venom into the same tissues
in all experiments, and to keep all known conditions as even
as possible, granted all this, there still remains an element of
uncertainty as to the fate of the subject which I can
only attribute to * the personal factor.” In order to eliminate
this factor as far as possible, the dose chosen has always been
one capable of certainly causing death, or at least of producing
gerious symptoms of snake poimnin%;

In order to impose a further check on results, no series of
experiments was undertaken without putting aside one or
more animals as control snake-poison subjects. By this
means the standardising of the lethal dose was kept as
accurate as possible. This was the more necessary, because it
was noticed that certain batches of animals presented a
greater resistance than others, possibly due to the method of

feeding, ete.
Lethal Dose for Various Animals.

Rabbits will often appear to get over the first effects of the
venom, and will look as if on the way to recovery, but loss
of weight continues, and after a longer or shorter period
animals will succumb which at first sight one hoped would
survive; their lower resistance to these secondary effects of
venom poisoning renders them very inferior to fowls ag sub-
jects ; the latter make a better fight to begin with, and do not
suffer to anything like the same extent from remote sequelze,
Rabbits in the hills of India are also very susceptible
tothe influences of the frequent and trying changes of climate
which prevail.

Rabbits.

All doses of cobra_venom below, and including o.ooo3 gram per kilo. of
bodi_waight. roved non-lethal; doses of o.coo4, 0.0005, and o.coob gram
per kilo, were lethal in most cases, but could not be certainly relied on;
even o.ocoy gram per kilo. occasionally failed to kill, but it never failed to
produce grave and well-marked signs of cobraism ; doses of o.c008 and o.coog
were fatal in a very few hours. dose of o.coo7 gram per kilo. killed in
from six to eighteen hours as a rule, but life might be prolonged for days;
it was accordingly selected as the dose for most of the experiments. The
above conclusions appear to harmonise well with Professor Calmette’s ob-
servations on dosage in his lecture delivered in the laboratories of the
Royal Colleges on July z7th, 1806. : "

Daboia venom in doses of o.co04 up to0 0.0000 took a fortnight or more to
kill; even so high a dose as o.cor took twelve days to kill, and oue of 0.002
took seven days; a dose of o.co3, however, killed with very fair uniformity
in under twelve hours; o.co4 killed in four hours and a-hali. The dose
of o.co3 gram per kilo, was, therefore, chosen for daboia poison experi-

ments.
Fowls.

Cobra venom in doses up to and under o.cor proved non-lethal; o.cors
gram per kilo. killed in fifty hours; o.coz and O'mzt?hkilled in over twelve

ours, and o.003 in between six and twelve hours ; these latter doses were
therefore selgg%eg.

Daboia venom in doses of and above o.co3 gram per kilo. of body weight
proved fatal; c.co3 gram killed in about twelve hours; all higher doses
also proved lethal.

-
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Jhe delexminalion sf &)

The Minimum Lethal Dose of the samnles of venom used for

This section of my paper must be prefaced by some account of my methods

yf obtaining snake poison,& of the general princioles coverning my work.l

rnave talken the liberty of attaching hereon the preliminary vaper of the

3eries

oublished in the B ¥ Journal in 1200,% have noted threupon a few

&emar&s showing any changes of nrocedure etc I have since been led to adont
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The stoct of poison with which this series of experi-’
ments was started proved to be of relatively low lethality.&
for the later work a fresh stock was substituted.The latter
proved to be very much the same in strenéth as the-samples
with which my Indian work was done,% it is of interest to
notice that it is decidedly weaker than the venom with which
Sir Thomas Fraser's classic work was done.lt is possible that
the method I emplov for obtaining my samdles has somethiné to
do with the questions,& Sir Thomas Fraser has suggested to me
that opossibly more mucus is saqueezed out by my method than by

the more usual medes of obtaining the noison. In favour of my

‘method it is to be remembered that it yields an aseptic pro--

duct & that it introduces no error into one's calculations,

provided that one has carefully ascertained the minimum 1ethal

dose for the sample used. I always collect a 1arée supcly of

=5 together -
venoms# vound it all up,aseptically in a mortar,® then mix it

by thorough shaking in -1_ts flask, whoh w c.wag-!%wvf&o‘ ot oce .
A reference to Appendix 1 will show the results of this
preliminary work for the 2 specimens of venom,which will be
henceforth alluded to as "the old stock of venom" 2 "the new
stocit- of venom. ' '
A short summary of results will save time & trouble.

The ¥ L D for rabbits of the old stock of venom = - 004 s funhds

do of the new stock of venom = "00Cbgunepockl
The M L D for rats of the old stock do = -oogpn-t—/“*'m
do of the new stock do = -ans—phw-/-wM-_
The M L, D for fm:sgs of the old stock do: g "0c::r't":z"--*/“-'-‘5-z '
do ' of the new stock do  ésbielow oatzpm—m fou
kil frth 1" noF et fre ek
m%mfg.
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Perfusion of the vessels ,in thes frog.

The appraratus used for this onurnose is that in common use in Sir Thomas-
Fraser's laboratory,& has the great virtue of simpnlicity.There are 2 rigid]
stands each of which is nrovided with a platform.Dne of rhesE'ﬁﬂajfctyw
> . ITie olher
supporisan arrané&ent of Marriotte's flasks & the animal which is the sub-
ject of exseriment. A pressure of 6%" of fluid was used in these exveris
ments;needlass to say the arrané@ent of the instrument varmits great lati-
tude in the pressure selected.A simple arrangbent of tubass enables ons to
draw at will either on the normal liquid or on that under course of obser-
vation,without in zny way disturbing the orogress of the exveriment.A
pointed tongue,at the lowér end of the platform which sunoorts the frog,
.facilitates ﬂ?dig'direots the escape of fluids into the graduated cc-mea-
sures destined to receive them

The cannula is inserted with the usual precautions into bne or other

- LS ' i
aorta of a prepared frog,&gtied securely in placesthe opposite vessel being

then ligatured.It is essential to avoid the presgence of air bubbles,how-
ever small,in the cannula,® this can readily be done by inserting the 1attel
whilst there is a free flow of fluid,into its vessel through the cut avex
of the ventricle. A wide opening into the auricles permits the ready escape
a¥ of ligquid which has traversed the vessels.

A continuous record is taken of the number of cc flowing away at the end
of each successive minute. The fluid used to obtain a normal in all my
~earlier experiments was a 0.6% solution of sodium chloride dissolved in
Edinburgh tap water:;this served also for the exhibition of the venom.It was |
found that with this solution slight but steady dilatation of the vessels
took place after prolonged perfusion,& I now always employ a modification
of Ringer's solution suggested by Rusch,the formula for which is given laten
in this paper(vide section on heart-perfusion).

The pithing of the frog requires to bs very thoroughly done,& it is meost
necessary to allow an intefval of %hour to elapse between this oneration &

the commencement of perfusion.

A reference to the charts composing Apcendix 2 will show the results of a

n : ;
Umber of perfusions with cobra venom of the weaker stock. It will be
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ybeerved that ebserved that a solution of éne part of cobr% venom in
50;000 parts of the salt solution reduced the flow from about 1.3 cc per
pinute to 0.3 cc ner minute in a little over ons hour. A 1/100,000 solution
yas tried nesxt followed in turn by 1/300,000, I/IOO0,000,‘I)2,500,000, &
1/5,000,000; In each case the constriction of the artefioles under the
stimulus of the venom was plainly discerned. At a strength of 1210,000,000
3 new phenomenon was observed,viz a oreliminary decrease of the flow follow
;ed by a late increase,%hich even overpassed the original normal.On now
reducing the strength of venom to 1/15,000,000,n0 preliminary contraction 6
of the vassels was indicated,but on the contrary there was evidence of
vascular dilatation from the first.The same result was reveated with a
i)Q0,000,000 solution,& it was evident thatowé was: practically working
with saline solution,the venom no longer being present in sufficient con-
centration to produce any marked effect.

It is to be borne in mind that for some reason which is not apnarent,the
particular svecimen of snake voison under observation was of rather low

sim o Seven Times
_ lethal nowsr,the minimum lethal dose for a rabbit being about Fﬁﬁéﬁ& that
of the specimens I have usually worked with. If one may assume( I do not
definitely
;vsnture to sayﬂthat one can)that the power of constricting the vessels is
_1ost pari passu with the lethal power of the venom,then it is clear that
_fﬁé even weaker solutions would produce an appreciablé effect.
It remains to consider the brobable influence of cobra venom,circulat-'
_1ng in blood,on the walls of the vessels,under the conditions which prevail
'in the body of 2 snake bitten man.

Calmette has calculated that the larger venomous snakes such as the
Cobra,yield on an average about 50 mgrmes of venom(weighed in the dry) at
each bite.He thinks this a liberal estimate,& he infers that the fatal dosé:

:for 2 man is about iO mgrmes.(Vide Calmette's note to the article on Venom
in Allbutt's System of Medicine). |
Sir Thomas R Fraser has calculated an average of .255 gramme of Cobra
Yenom for each bite,but thinks an average of .195gramme probably a truer
estimate.. - €alculating on the cat-Basis he places the minimum lethal

‘dose at .317 gramme.Again he thinks a lower estimate more correct,& gives

-




F,E—__ i f,"\\
©&

=
T\ ©ogrme

:6517A as nearer the true mar;f It is not possible for me within the limits
yf this commurication to discuss this question,but [ believe from some
tork 1 have done on the subject that Fraser's estimate is the more correct;
ndeed it is probably remarkably near the true figure. We shall however err
yn the side of safety if we assume that a fatal dose for an average man is
1bout 30 mgrmes; This figure is covered by the estimateg of an average bite
wrrived at bv both authorities.
We may assume the weizht of an averaze man to be about 70 xilos,&

jay put the weight of his blood at i]?th of this figure or iO kilos.

' (t (s supposecl fhar

If the above assumptions are arcepted,® ifAShe total aquantity of
‘enom injected is absorbed into the blood & circulates thereinswe find that
dsmwill be at a concentration of about / 1/333,333.

Even should the above calculations be considered over-liberal,or
hould it be objected that one cannot safely assume more than a fraction of
. he total dose of venom to be actually in cireculation a2t one time,we have
till a very .widel marzin betwsen 1/333,%33 as above arrived at, & -
/10,000,000 which has been shown capable of profoundly affecting the blood
essels in so short 2 veriod as 35 minutes. Nor must it be forgotten that #
. he usual duration of life after snaxe;bite is recitoned not in minutes but
n hours.

It is clear therefore that the sustained high pressure,which is so
arked a feature of blood;pressufe tracings in slow death from ccbra-poism&
s explainable without going anv farther than the direct action of the
enom on the walls of the vassels. I purpossly avoid any discussion of the
xact mode of such actionsas being beyond ths oresent nosition of

_ﬁ%iological knowledzs.
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This was carried out by means of Professor Schafer's plethysmographeAt 73

ﬁﬁ Perfusion of the ?ggg;heajj.

first very considesrabnle difficulties wers met with,as the heart either
worked very irregularly or refused to wor: altogether,in snite of changes [
in the nutrient fluid,in the method of stimulation, etc.These preliminary |
difficulties ssem to justify a detailed description of the method one is

]

now adoptinﬁ,since it is found that this method easily yields uniform & |
excellent results.

I will first deal with the construction & fittings of the instrument,
then with the fluids used,% finally with the steps of the oneration.
The instrument:--

This is,with a few modifications,the same as that in use in Professor R
Schafer's laboratory,& is shown in PloleI(altachedjto which all letters in
the text vefer. .
17 The mouth ( M ) should be sufficiently wide to allow of the heart be- |
ing easily passad into the receiver (R) without risk of abrading its sur-’
facs whilst so doinérif this is not attended to,or if the endothelial H
layer of the visceral pericardium is in any way damaged, ] believe that |
troublesone leataga may be the result.tany of the instruments are sent outh
with necxs which are too narrow. _ H

21t is of advantage to have the limb of ths cylinder (Cyl) in which thew
piston works ,made of brass throughout that portion of its length tﬁavers«ﬁ
ed by the piston.The objection to glass tubing is that it can seldom be ||
obtained with a sufficiently unifofm diameter. Consequently the piston
does not work uniformly in it,& at different times during the experiment ‘
bu-bles of air are drawn beHind the piston or oil is driven in front of 1tw
thus alterlng the Ievel of the base line of our tracing,% introducing a
set of curves which are purely accidental,% which have no bearing on the
axpex_'iment:(lfcﬁo& /LﬂZZa-. 4 o %a,ou-r?, ctocched | Plare z)

3. In chqosiné the material for the piston,it is necessary to consider t he
question of friction;thus it will not do to have & brass working on brass.
An aluminium piston works comparatively well in a brass cylinder,so does a
vulcanite one.

4., The exact si<e of the tube is a matter of some importance,inasmuch as:
2 definite amount of fluid displaced by the heart movements will obviously
cause a greater excursus of the viston in a2 narrow than in a wide tubs.
Other factors have however to be considered,such as the greater power of
the heart over a wide piston ,on the one hand,& the lessened friction-area ||
oresentaed by a narrow piston on the other. The diaéram shows the size of
tube which has been used with advantage in my experiments{ diagram ¢ qff 7).
5. It is advisable to have as 11ght a pigton as possible.Aluminium & vulcanl
-ite are therefore indicated.For the same reason a hollow piston,or one |
scooped out in the middle (vide diagram ¢ q PLoZe I. )is better for our
purnose.Attention to these details is of more imoortance since the piston
B3et be of a certain lencth t toihthe gnglgatorrn?ffle £ |
“meris far out to the eng of ghgrggf?nder? soin RN falline mbe the fopsl

$ S I |
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. ance of the apparatus,® so as to ensure that as little delay as possible

6. My personal prefersnce is strongly in favour of a metal cannula.lt is
not so easily brosen 2s élass;it can be firmly sealed into the stopoer,

without the intervention of a corx;it admits of a screw-clamp being attach-

ed to one of its limbs,whereby unipolar stimuldtion can be aoplied to the »
heart;it can eagily be made without lateral grooves;& lastly & most import-
ant of all it can be made with comparatively thin walls, 2 with tubes of
relatively large bores

The Q]ass tubes ordinarily supolied with this instrument have_clumsy
walls,an aimost capillary bore,% a well-marked groove on =2ach sidejthey are
also very brittle.A tiny clot of blood will block a tube effectually & so '
spoil what might otnerwise have bsen a successfull sxperiment;even small
particles ol suspended dgrls will do the same.If a glass cannula be used,
it is necessary to have a pair of elesctrodes introduced throuéh the cork
which closes the oleaniné aperture( Ap )« There are many obiections to this
method. It is hard to stimulate the outer surface of a heart without doing
damage to its endothelium,Z so causing a leakage.hrter a while the tube a3
carrying the electrodes works stiffly in the cork,& with every care may j1
move with a jerx during manipulation & wound the heart.Even if it works |
smoothly ,as it often does at first,& even if the wires are bent bacxwardsi

to avoid scratching edges,the heart is far from safelMy own opinion is that

electrical stimulation of the heart is to be avoided if possible,& that if

uninoclar stimulation & patience fail to make the heart éo,it is better to |
put on a2 fresh heart at oncesd I speak after a good deal of exoverience, J
bought by many failures.& disappointments.

¥ Marﬁdiés flask arranément for maintaining a constant level of the fluid

perfused is theoretically preferable to the ordznary funnel arrancment &

.I"'-tﬂ.{ m {
for accurate work should be employed.The effect of change of level is not

however nearly so easily apparent as one would have expected.The variation

in level can of course bhe met by conducting the exit tube back to the fed|
feeding funnel,but as this must increase the work the heart has to do,it |

is not a procseding which recommsnds itself for 2 long experiment. 3*}“‘““
ks | ( Plal 1)

o et v ABn pacafe vide B.P
8+ The dizagram shows the arrangment of tubes used. It is ,I believe,that

used in Professor Schafer's laboratory,or at least closely resembles it.
Two objects are to be kept befores us,whatever the exact disposition of
tubiné made use of;Firstly the tubes should be as short as is consistent
with efficient workiné;and secondly the turning off of one solution & the

admission of another must be so ordered as to entail a2 minimum of disturb-

occurs bsfore the new fluid reaches the heart.The reasons Qfor the above

., postulates are obvious enough.

..9
-

p Palmer's drum was used horizontally,é& travelling about ! 'em in 10",




Q)@ B | 9

The Fluids Used.

Yre

4

"socrintion (vide Pfluger's Archives Vol 73 p 546),% is as follows.

- Rusch lays stress on the necessity of dissolving the salts in the order

In the earilicr stases of my exnsriments,] met with a large number of

failures,owing to my overlookinz the influence of the oil used in the body

of the inestrument. I shall return to that opoint later,but mention it now toll

because it lad ms to try 2 numbsr of dif’erent fluids,wrongly thinking that

it was ths nutrient medium which was io blame.
Alwmost every e<perimentar has a fluid of his own or a modification of
some one clse’'s fluid.This leads one naturally to supvose that the exact

comnosition of the fiuid is not so important as one suspossd. 1 have f£¥¥¥d

yet to find howsver,a fluid which gives the =zams prompt,reéular %, maintain-||

ed action that one gets from a blood mixture.

for perfusion
The fluid [ have used Jis composed of 1 part of blood shaken up with

2 parts of Ringer's solution.The latter was made afcording to Rusch's pre~"

Na H C 03 . OTrammnes

Ca .- Cl2 .1 gramme

¥ C1 <075 Gramme

Na Cl __ 6;0 éramme _
Distilled water ' 1000 grammes.

above éiven;but does not clearly explain wherein the importance of so do

ing lies. To av01d any possibility of error,I have followed his directions |

in this respect. ’1 hoa oton o ool ffuol M fiedd raania clian; ilhrwmne o
,Ju_m-

As I snall bresently have occasion to explain,I fill the body of the

.instrumeﬁtwith Ringer's fluid, made as above,% thus keeo the heart through-

- out the sxperiment floatiné in a2 nutrient medium.

}
e
|
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+ The-Steps_of the Operation. ;

“hia

3) Fill the piston cylinder with oil up to its tap,which should be kepnt

"perfusion,® V with the solution of venom or other liguid under examination.

“to be attached to the cannula by its second limb,& the whole {(cannula &

A - y ' Lt |

70)

=

li Large froes must be used,the CGerman frogs bsing very suitabls.
0) All preparztion of the iwnstrument etc should be dade beforehand,in or--
der to avoid loss of time after the heart is removed from the body.It seems|

to work both quicker & better,if it is transferred direct from the frog

into the instrument.

shut,& then pass the piston into place by gentle sressure,taking care that

no bubbles of air are left behind it. Mext fill the bodv of the instrument

with Ringer's fluid,% shut the tap of the escape-tube ( sc ),after seeing

that it is free of air.Be careful that the instrument is filled with fluid

right up to its brim.

4) Fill the system of rubber tubes with their 2vporopriate fluids in the
(¢Lake T . tag B)

following way.Put on clips at a, b, & c4Fill ¥ with the normal fluid for

Open the stop-cock of ¥ & ramove clivpg 4 & 7“b,at the same time raisiné the

i1
top of the tube 2 e t to allo% air to escave. Now close the clip bs& the

stop-cock of Ns2 open the stopcock of V,to expel all air from this system
of tubes also.It is generally necesaarv to pinch the tubes v & n with a

sharp repeated movement,in order to expel any air from them through the ¢

open stopcocks of V & N 5 qrﬁse both stopcocks & adjust the 3 clipos in plaee
& then remove the tubiné f,2 attach it to one limb of the cannula.The heart

must now be prepared;but before doing so,a sscond short rubber tube (ex) is

tubes) is to be filled with Ringer's fluid;# the ends of the 2 tubes are é’
now to be clipped. We are thus saved from introducing air into the heart at
a later stage of our operation.This is very important,for a frog;heart will
not contract firmly on air which it cannot expel.

5) Expose the heart in the usual way,takiny care however to open through
the shoulder joints instead of"cutting thrbugh bone,as rough bone edées are

very apt to tear the heart during the subseguent manipulations.Having cut

through the fraenum,& made deep cuts in the abhdominal wall to allow of a

free escape of bloodsremove the 2 lobes of the liver,& lay the fioé on its

back on a folded cloth,with its head dependent;This manouvrg causes the

. o e . 470~ "
heart to fall backwards,¥ so greatly facilitates the single-handed int

ik
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“duotion of the cannula.Cut freely in the horivontal direction into the

L L |
'Sinus;justdggig&fits ‘unction with the auricles,& wash the heart free of |
blood by means of a stream of Ringer's fluid,taxing care that no bubbles
of air enter the bhambers of the organ;It is convenient to have a funnel i

mounted on a stand always on the table for the above purpose:it should be

provided with 2 clin or stopcock at the lower end, just above the ?{agg-ngyﬁg
with which b (s filled .
Next pass the cannula up throuzh the slit in the sinus ,right into the

ventricle,after praviously cuut1ng throuan the auricular sentum with 2
pair of fine scissors introduced throuzh the sams aperture.Allow the canaii
"-Nula to rest in place by its own weight,2 slip a loop of string ovar the
ventricle.lf this falls into éood vosition at once,draw the string tight &
comnlete the knot . It is however far safer,to first cut the heart free
from all atfachments,thkiné care to cut each structure as far from the
on the auricles one on each stde
veniricle as possible; tnep with 2 rorefincersnwor@ the heart into the de-
sired position,& ask an assistant to tie it.The ventricle must be put
straighi on the cannula,with the point of the latter well inside its cavity?
but not pressed too far therein.The ligature should consist of a single
loop of strinﬁ,& should be placed as near the auriculo;ventricular Qroove
as Dossible; If it inffinées on the ventricle,there will not be room for
full dilatation of the latter s cavity,% the stroke of the niston will
therefore be a short one. If,on the other hand,it encircles the auricle
“above the groove,the auricular walls belly upwards at each strole.% any <.ﬂ
chance bubbles of zir becoms imprisoned there,& cannot esoape:ﬁs a result
contraction is imperfect,% irregular,& the air may be esasily sesn in the
bulging auricular oavity; Now slip the tube f of the cannula on to the

_ . : thod
free end x of the V-phecej,after opening the ston-cock of N.Thigtensuras

safety from air bubbles.Remove both clamns % the flow through the heart w»i

‘will at onee begin.If it does not the great probability is that there is

-~ air in the heart or that the canrula is blocked.Reverse the in-flow & out-

flow tubes attached to the cannula;failiﬁg this suck the tubes, or pass

‘a wire down. Electrical stimulation may also be tried.If the heart does not
- work at once,it may be given a little time. My experience is that if the
‘above precautions have been carefully observed,nearly every single heart

works almost at once & works well. If it does not do s0,it is better toO
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03 .

put on another at once,rather than to try & doctor up a feeble onee.

beating
When the heart isWddiud sathfactorllﬂtransfer it at once to the

ﬁlethysmowrao ;openingz the tap of the escape tube as the cannula is being

inserted,?& shuttiné it sharvly at once to orevent loss of fluid in the re-
seiver.Screw the ground glass stooner well home,& at once oonen the stop-
s0ck leading to the piston.
It is most necessary to oui a thin coating of lard on the stovcociks,
ion the stoover bafore commencing wori,as they then work sasily % sarely;
There is a point to which I have more than once 2lluded,but which I have
wrposely left till last for discussion,as it is of paramount imoortance.lt
oncerns the fluid used in the body of the receiver to suspend the heart in.
0il very soon becomes rancid,% has then a strong acid reaction. This I &
ave proved for myself on & soscimen which looked clear & smelt éoodli
eart placed in thig acid liguid very soon passes into systole % refuses
o beat. Sometimss when removsd from the oil it begins beating again,¥hilst
n active heart spnesedily becomes cuiescent after a few momenis of immersion.
Indeed it was the observation of these facts which led me to suﬁsti;'
ute Ringer's fluid fgf-;ﬁz SUSHending medium.From the first time I did so
passed from zlmost unbrosen failure to uniform success with heart perfu~"

fons.Hence the stress I now lay on this detail of the experiment.

LS e S




PLATE L.
‘/} . (Phul‘mgraphs of 'I:‘n‘ogg~llt'0_rl" "Per,'-'us{on Tracings
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*g?e nesults of Perfusion of the Frog-heart with Solutions of Cobra Yenon

of various strengths. ' |

In dealing with stroné solutions of snaze poisone® by this term ons means

any thing below about 1 in 50,000,the duration of 2 perfusion exveriment is

to be reconed in seconds or at the outside in minutes.The heart is killed,
or at least is started on the way to death,almost at oncg.Under such cir-~

cumstances it is obvious that a free flow through the instrument will mate-

~pially affect the lenegth of time the hééan lives.Maturally a fast stream of_
fluid passing through an actively beating heart will reach the orzan & oomj
mence its lethal influence quicker than a slow or trickling flow. |
The outcome of 211 this is that it is not possible to compare with
mathematical accuracy one's regults from a number of verfusions made with
different strength solutions of snake venom.Nor must it be forgotten that
the individual resistance of different frog hearts varies greatly.Such I
influences as the bresding season,the duration of captivity,& the existenﬂei
of parasitic & obher diseases have 2ll to be taken into account,& one can
not do much worik with the froé heqrt without finding that these factors
have to be reckoned with & allowed for. .
these (with strong venom/ ,
The main results of ?;ﬁg%h&?}? perfusionﬁgfa however always the same.Thﬂ

beat of the heart becomes more frequent & the organ tends to pass into a

condition of systolic tone,in which it dies.An analysis 9f the aotion\of
venom in some of the experiments with solutions of froédégoo to 1 'in ¥¥
.S0,0QO,will now be given; Those results have been selec;;d which were ob-"
tained from strongly & regularly beating heazts through which a good flow
was taking p}ace: (V{de Platem).

(1) On 29 10 03 a heart was verfused with a solution of i/I0,000

Bafore the poison was run in,there were 4 beats in 20";
]l minute after poison was started there were 7 do ;
2 minutes do do 9.5 do 3 &
_ 3 minutes do the Heart was in tight systolic position.

) 28 10 03 A heart was perfused with a solution of 1/20,000.

Before the poison was run in,there were 4 beats in 20”;
I min after poison was started,there wers 5 do do ;-
2 do do do = 6 do do ;-
2% do do ,the hedot was in tight systolic vosition.

(3)81 '10 03 A heart was perfused with a2 solution of 1/50,000.

Before the poison was run in,there wers 4 beats in 20": |
2 min after the poison was started there were 5 do do 3 E
-4 min do ‘ !
| 5 mi ' : do  do 6% do do |
' t _ do . do ,the heart was in tight systolic positich
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was

“! was however strong & regular,% to close the experiment a solution of venom

taken from a heart which had been beating for nearly 6 hours.The beat

of a strength of 1 in 5000 was perfused.

11 11 03 A heart was perfused with 1 ## 5000 S0bZim ¢ cebra Verm.
Before the poison was run in,there were 5 beats in 20";
1 min after venom was started,there were 9 beats in 20", &

~& min do do , the heart had passed into a tight systolic
position.

In all the above experiments a contraction of the excursus took nlace
very early,thus in experiment (1) above it had begun in 30";in experiment
(QU.in iS”; in experiment (3) in ]OO”ig}& in experiment (4) in 40".

In every case the shortening took place at the expense of the diastolic

end of the excursus,& never at that of the systolic end.The tops of the

curve in the tracings represent the amount of systole,& it will be observed |
that they are in a straight line,whilst the diastolic ends of the excursus |

slops gradually upwards till firm systole is reached .®EE ( See Platelll at- |

tached).

We pass next to a consideration of the effects of venom in much weaker
solutions,in those in fact below a strength of 1 in 50,000,% we are now
confronted with a new difficulty. It is a very easy matter to prepare a
heart which will beat regulariv for an hour,especially if blood—mixture_
(l1pt blood,& 2 pts Rinéer's fluid) is used;again it is not difficult to
make a heart beat for many hours with blood-mixture, or even ,thouéh with
less certainty,with ¥Yddd Rinéer's fluid,but in experiments which last 3,4
or more hours it is essential to an interpretation of the traoiné that we
should be able to distinguish clearly between the effects of fatigue & thos
of envenomation. Fortunately this has not proved difficult,after a s@iffici-
ent number of exneriments had. been made.

A heart throuéh whiﬁh blood-mixture,oure & simple,has been verfused for
several hours shows the following changes in its graohic record;--
(a) the excursus of the beat very éradually diminishes;

(b) the rate undergoes a sliéht augmentation _on the whole,but oscillations
gk@.@b’q -

. thereof are found to ocour: b%a&afdb'ﬂﬁmﬂmdhhm—uiﬁb a tanolency fouwronda t“?*

I-_Et_ -

(¢c) the tracing moves gradually but surely 2 steadily down towards diastole

e e S e e b S R P S B . A SR S ]

An observation of the heart shows that the explanation of this is that

- th y 2 a
e organ is slowly passipg into the diastolic state,doubtless as a result

4

of fatigue.

o

The next resuli is not sirictly comoarable with the previous omras as it

|
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3 r\It wili be advantageous now to zive an analysis of a few of the tracings

( which show the effect of the more dilute solutions of cobra venom; —-

(6) &1 10 03 A heart was verfused with a sotution of 1 in 100,000.
Refore the venom was run in there were 3 beats in 20" 1;
| 5 minutes after the venom was started there were B do ‘
{ 15 do do do 4 . do
i 30 do do do 5.75 do
i 32 do - do the® heart was in a position of

stroné systole. The excursus beéan to diminish within a minute of the

venom being parfused.This diminution was altogether at the expense of the

diastolic end of the curve,the line of systole actually risiné the while.

The measured heiéhts of the excursus taken at intervals were as follows;-- |

beforshand =16mm;5' after=13 mm:15' after=4.5mm;30' after=0.5mn.

(6) 3 11 03 A heart was perfused with 2 sol-n of 1 in 250,000.

Beats in 20" Height of exc-s§ |

Before venom was perfused & Tmm
e after do (diastolic end of curvg began to shorten)
. 10 do 5.6 5.75mm
20" do 5.95 2.75mm i
1 hr do 5.5 1mm '
g hrs do the heart was dead in moderate systolgc position

(7) 14 11 03 A heart was perfused with a sol-n of 1 in 250,600.

Beats in 20" Height of excursus
Befoe venom was perfused 5 5:$mm
© 2" after do 6 Bmm
. B' after do 7 5.5mm
10" after do 7.25 5.25mm
_ 2'3"r after do 7 Imm
- 27.5'after do heart was dead in a position of systole. The

i diastole commenced te shorten 14' after the venom was first run in.The
i shortaniné of the excursus was all at the expense of the diastolic end of [

the beats,the systolic ends keepiné'practically on the same level.

(8) 6 11 03 A heart was perfused with a solution of 1 in 500,000.

It digd_in systole after 6 hours of tracing.The rate increased steadily &=

fr . :
om 2.75 in 20"at first to nearly 6 in the same time after between 2 & 3

~ hours.The shortening of the diastolebecams very obviolus about this time &
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Mye excursus from this time forward lay in the systolic portinn of the

curvesthouzh there was evidence of faticue to be clearly noticead.

(9) 12 11 0% A heart was verfused with 1 in 1,000,000 sol-n of vanom.

the rate of beat before =4,2% the excursus =6.5:30"' later the fiéures are

8 for rate € 7 for escursus:;An hour after the venom was run in they are the
same a2s last sount.81' after the commencemeet of venom perfusion the heart
suddenly vpasssd into systole,with very small beats of the rate of 10 per
sscond. A certain amsunt of recovery slowly took place ,but within 4 hrs
from the v%ﬁmvrerfusion startiné,the organ was nassing into 2 condition of
Iatiéue. Th?ouéh this curve one can clearly trace the dd¥d?Y inllusncs of
the venom £ of fatiﬁue Dulliné in opposite dirsctions,the ons ftowards

systole,the other towards diastole.

(10) 13 11 03 R heart was perfused with a sol-n of 1 in Q,BO0,000;

The result was very similar to that found in the last case,the beat nearly '

doubling in rate,with an almost inappreciable shortening of excursus.At the

same time the heart's action Ydddné continued very regular.later the organ

showed z stroné tendency to pass into the systolic phase,but air was acci-

dentally admitted & the conclusion of the experiment was unsatisfactory:

A numbsr of other tracings were talten,but enouch has been said to
show the action of this venom on the heart of the frog.At present weaker

solutions still are being emnloved. @

We may now summarise the lessons learnt from these perfusions.

(1) In concentrated solutions cobra venom kills the heart in a systolic

position,® does so more auickly than any other poison with which I am ac-
quainted.

(2) In dilute solutions the venom increases the activity of the heart,both
auickening its rate % steadying its rhythm. At the same time it is true
that there is no amplification of the beat,provided that the heart is con--
tracting actively & freely before the venom is introduced.The sams remark
however,holds gocd for drugs like strophanthin. If the heart is working
with a short beat beforehand,any one of these'substances will amplify the
excursus.This is due to the conditions of the experiment,? need not be

farther discussed here.

(3) Even when using dilute solutions -.one finds,after a time which varies

Wit - " gl B
> h the Strength of venom used, that there is a shortening of the beat,& '%

e "“’“‘*-‘?/Ma‘u,m *ﬂ‘mua‘#a&zﬁ‘w f&-mg&m

-
j




AN PLATE. Vi,

/P wlooraphs of Froo-hearl Perfusion Tracngs 6 obtoen whied
grap g e,
So latcons of Strophanthin waore used .

('In's‘l'ruch'.aﬂ'; as n Plate ).

G R RSO T T ke AT e . = TR T I — R
f I T rfusien wel b
; . I
o o : ) l @ l{a‘c:q [¢lele)
a o b ! i i ' ) o
e ! W h|“1 LA
g : I Solukcm o
.]'|]F||‘|:Ii & 5 | n F
! s : ' - i . | S'f‘rn}ohmi Hhiir .
e
.. ey b e B S S ﬂfﬁr .pt.rfus:'u N wicH.
P o ' ,’ a l{ 10,000
sy SO A S S —— :—_..—.-..-'_"‘"“‘-j-'".‘“_"‘h: =3 =
) !1 so lwfion of.
s 8 - - B - . el b S S P, 1 = L - o
i ' [ P {'m |.m||.,.| i ul it u\l ||-. 1l|‘|.u T |,|.|!.T'i E|,|1'f|h|U11||,||,'!pn l\rl Tt nd"wrn if"l;%! i B
i | | t:Ll"lmu‘ﬂ\ s ot v it i AT | WA W UL F'f@i PRELpIYEY 3 S‘l'r‘nj:han Fleii,
wla . - - -—
=5 -, BT T e
o e = P — =

(N.PJ. Thrs f‘mm‘n?- shoulat have -c‘ame F{'rx!')_

e ~orr e ———————— | = -
al v T R

a 1!!_(:9:1'0:10

Soluwkion af-

S‘rmp‘han flien

Foot. nete, TReaa e fracings fram helows vpwerd .

Fm 4 — s

N ———

e



e

@)

tnat this shortening is 2lways at the expense of the diastolic portion of

i~

the tracing. In other words the heart,under the stimulus of cobra poisons
tends constantly to nass into a condition of systolic tone.
(4) Lastlys® on this noint I lay the strongest smohasis,the ultimate ten-

dency of solutions even so weak as 1/2,500,000 is to kill the heart in

systole.

Having ascertained the above facts,it naturzlly occurred to one to take
traoinés of the heazrt's action under the influence of membars of the stro-

phanthin group,whilst ieering all the conditions of exoceriment as much

. alike those of the oreceding series 2s vossibls.

By Sir Thomas Praser's windness I was able to obtain Yery oure scecimens
of Strovhanthin % of Acokantherin,? ¥H¢ some of the tracings tacen from the
former.drug are here reoroduced for comparison with the cobra voison trac--
ings. These speax for themsslves,but one may be permitted to draw attenti-
on to 2 points viz., that ¥HUd when compared in solutions of the sanme
strength,the action of strophanthin is much slower than that of cobra venom
& secondly that under such conditions the former allows of a short rally &
a temvorary return to diastole after the heart has once passed into:strong
systolis position. Such a phenomenon never occurs with cobra venom,which
in strong solutions «ills once & for 211 in 2 state of firm svstolic ddiydd
contraction. (See Plate vt )

The same remarks apply to Acokantherin.which,in the specimen worked

withyappeared fto be a weaxer poison than Strophanthin.

lLLastly 1 made some exveriments with sulphate of atropia: This drug has
been recommended for the treatment &f cases of cobra bite in India. Some

o

time back I tried it in various doses on rats rabhits & frogs which had

received low lethal doses of venom. The result was entirely neéative;

Theoreticai1y it should be of value,by virtue of its action on the
vagus ner e ends in the heart,for blood pressure tracinzs show clearly that
the heart Is slowed by means of stmuli which reach it through the vagi,when
cobra venom is circulating in the blood..

Practically one found that ,while atropine in the early stages of an
experiment has a2 slight bheneficial action on the heart,the opnosite is the
case later on. Indeed Dr Prentice & I found that even the careful admini-
stration of the drug at such a stage was liable to cause sudden failure of
blood—pressurel& death. This result is readily.explained by the light of
ny recent workzfor I find that whereas the sulphate of atropnia in stroné
so1utf§JZ:€§32es death of the hzart in diastole,sthe opposite resuit holds
for weake; strenéths; Thus 2 1/5000 or a 1/10,000 solution greatly ocuickens

the heart & causes it to pass into a condition of systolic tone,in which 4&

the excursus is sreatly shortened at the expense of the diastolic portion
of the curve. '
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ﬁﬂith still wealer solutions,éx gr 1/50,000, the only observable effect of
the druz is to auicken the hsart.

It is obvious that if the hsart is alrsady under the influence of a
poison whoze fendency is to kill it in a position of svstole,we musi be

) 4 vire om o lesser degree,

careful how we introduce a drug which hss, ths same tendencv,lest the accu-

nulated influence of the two should oroducs the very disaster we are trying

to avert.

The accomnanving ﬁktesof photoeranhs from some of my JHAFYS tracinés

s needs 1itile sxplanation. In 2ll cases the same conditions ,as far as pos-

'sible vrevail. Rlood mixture was used for the verfusing fluid throughout.

' The tracines are to be read from left to right,2 the svystolic end of the

e ———— e

stroke i3 invarizably upwards.The white lines below the traces are a record
of the tims in seconds. Fach chari is clearly mariced with the nature of the
experimentsthe letters C ¥ mean cobra venom,® the fizures following then
show the strencth of the solution in whicﬁﬁiafﬁgg used. If a lens be used ,
the details of the tracings can be made out.a}most if not cuite as clearly
as in the oriqinals; 1 am greatly indebted to Mr Burnett RBA Lond for his
valuabla assistance in helping me to photogravh my récords{cHSOfw‘hm

excellent Otraminzgs ls be fmmi o Plate T

|




~2uricle 2 ventricle rapidly diminished.The ventricle had ceased in 1%min,

&)
has lreon

The number of experiments of this kind so far performed %s limited,

9

Perfusion of the Mammalian Heart.
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put some very clesar indications of the mode of action of cobra venom have
been obtained. Considerable difficulty has been exverienced in getting a
sat's heart to beat regularly & steadilv,& even rabnit hearts have been
far from satisfactory.

By the kindness of Professor Sherrington & Miss Sowton,I was abldé to
do a few experiments with their aoparatus in Liverpool,& oneratiﬂgt%% cats
[ hatl no diificulty in obtaining good results T I R
-tus they have fully described in the Reoort of the Chloroform Committes,
which is ovrinted as a supplement to the B M Journal of .luly 18th 1903.The

gsolution used maq as follows:;--'Na ©1 0.9%, Ca €12 0.024%, ¥ €1 0.042%,

extrose _
Na H C 03 0.01% Gruddﬂd 0.l%.

The following notes give a brief summary of the results obtained.
Exp;t No l< A cat's heart was perfused with a solution of 1/16,000;ﬁ&aummw;
In lags than 5 secs the auricle & ventricle passed into a staée of
violent excitement,which lasted nearly 175";they then steadied down & beat_

with great regula:ity for 140";a second period of excitement came on

& lasted ?or 105":the excursus of the beats then rapvidly diminished & the
heart had ceassd pulsating 125" later.85" later perfusion with normal fluid
was resumed,& after another 200" the ventricle began to besat again,the
auricle having commencad nearly a minute earlier.The singular phenomenon
was then observed of the occurrence of 2 ventricular beats for each beat

of the auricles.This did not last lonz,but is of more azégdna«51ng interest
1 &

as I have noticed the same phenomenon in the body of ancanlmal on which a
blood-nressure tracing was being taken. The apparent explanation is that
there is an obstruction to the onward passage of a wave of contraction,&
that this obstacle lies somewhere betwwen the auricle & the ventricle,being
of such a nature that the wave is broken up % enters the ventricle at 2
spots,4n interval occurring betwsen the 2. The result is that 2 waves of !
contraction invade the ventricle for each auricular beat. After the heart
had been beating for 7 minutes,® had settled down to fair reﬂularlty,the

venom solution was again run in,with the result that the excursus of both

& the zuricle in 4 minutes,thus closing the experiment:The tendency of both
the auricle & ventricl® to pass into a systolic phase was obvious in both
Staées of the experiment:The flow throuzh the coronary vessels decreased:

rapidly & at the cdose had almost ceased. This was undoubtedly due to the

direct constrictor action of the venom on the vessels of the heart.

% .
Plicas au. Jhote W o fhctrpathic NfororlcHiona g e PAocurga .
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'Imr1ments namely the fall in temvperature of the perfused fluid,? conssquent

|
|
|

|
|

.1(_}!

) To bhe same cause we must attribute another feature of al} theses 4 ex-

.ly also of the heart.hnything which slows the flow & zo0 delays the fluid
on its way to the heart from the warm bath will in cold climates obviously
lower the hemperature of the fluide rofessor qhorriﬂgton & Miss Sowton
have had wery freauent occasion to observe that coo]ing of the fluid ner-
fused slows down the heart.This will explain why in" this % ths other trac-
u@és the rate of heart beat undergoes little if any ouickening at first,$
soon slows down very markedly; Before one can érgue 23 to the effect of
venom on the rate of the mammalian heart beat,it will bs necessary to

improvise a warm chamber for the orQﬂn 2 this 1 hor vfl; to do. The

in soms of t
fact that a slight Quickening is at first observed

1> oo
‘('L‘!CD
me-l-m
e e
L WO

0
.l-h-
q
)

ﬂowiﬁé argues that the effect produced is the same as in the frog heart , &
is merely masked by the causes already dealt withe.

It only remains to add that the excitation of the heart in this experi-
-hent was S0 great that it was hot prossible 1o keeo the levers on the drum;

they rode over the sdges of the paper.

Ego-t No 2. A cat's heart was perfused with a2 solution of 1 in

50,000 of Cobra-venome

The zmplitude of the ventricular excursus began to increase almost at
once,reaching its maximum between the 11th & 20th minutes.lt then decreased
rapidly,& had practically ceased beating 7 minutes later.The auricle was
much later in first becominé affected,® # also continued beatiné about 1
minute after the ventricle had ceased. Phases of excitement with =penis-
sions are observable throughout hoth the auricular & ventricular tracinés,
but are much more marked in the latter than in the former. Roth tracings
show a decided upward tendency towards systole; The same phenomena,depend-

ent on constriction of the coronary circulation again appear on this tracé&'

iné;

Exp-t Mo 3. A cat's heart was perfused with a solution of 1 in

100,000 of venom (cobra).
The heart showed a tendency to beai in groups when nerfused with thg

normal fluid.One minute after the venom solution was first run in,the yeu-
Wricular excursus beéan to show signs of excitement:this staée lasted 7
min¥utes,® was succeeddd by an intermediate phase in which the beat became

much more regular than it had been up to date.This lasted for about ¥

m - .
inUtes.The heart then became more irregular than ever,£ ceased to beat

‘about 9 minutes Iatar.The auricle alone was recorded. Its tendency towards
B ystole was most marked.
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:fl" -t Yo 4. A cat's heart was perfused with a 1/500,000 solution of cobra- T
! yenome
: Within 2 minutes of the venom reaching the heart ,both besats commanc-
]¢d to increase in volume,displaying a decided rhythm in so doing.4% min-

. tutes later the ventricle became suddsnly & violently excited,this stage
ﬁwsting 11 minutesgék exhibiting an increase of the rhythmical variations of

?me strokes.At the same time the auricle was passing throuch a similar
!mu less oronounced phase of excitement.It is of interest to notice that (|1
lthe periods of rhythmical excitation 2 k=t¥emission do not synchronise in :V
the tracings of the 2 beats. The heart ataiigiﬁ showed a slight guicken- |
ing,but this was soon masked. For over an hour a “steady regular & even w

Jheat was maintained.Anv changes in rate seemed to follow corresponding 2l-
|
terations in the temperature of the perfused fluid.On the whole the excur-

X

sions diminished,® the exveriment was brought to a2 close by the venom solu-
[-tion giving out. i
When allowance is made for the influence of the coronary circulation

this tracing reminds one strongly of the results vielded by frog-hearts.Hse
fere the organ is first excited,then steadied,® finally slowly poisoned.It

Is important to remember that a strsneth of 1/500,000 of venonm might possib~-
l

-ly be present in the circulation of a snake bitten man.

A number of other tracings are available to show the effect of cobra
venom in strong solutions ( 1/10,000 wup to 1/50,000)., In everv one of
|them thé tendsncv of the auricle & ventricle to pass into firm svstole are
:ﬂearly seen,whilst most of them show a distinct cuickening of the heart
;mry soon after it first feels the venom. It hardly seems worth while to
!mwte details of thege tracinas at'length,though thevy are here befors me.

One is now in a2 vosition to formulate certain conclusions which have

been drawn from this work gn the mammalian heart:--
cobra-
‘H) The action of strong venom solutions on the heart of the cat & rabbit
_ a posi fon of
m to kill the organ in ~Systole in a very short space of time,both cavities

ibeing similarly affected.

(2) The above action is preceded by a ohase of violent excitement,duriné
thich the movements of the heart are greatly exagserated.

'(8) During the stage of excitation it apvears certain that the rate of [

= a
beat is increased,though this is obscured byg{?%%tggmggga¥§mperature of

the perfused fluid,this fall heing due to obvious, causes which will reauire

‘elimination in the future. i
M) The vowerful constriction of the @oronary vessels must have a pdi¢ |
er decided effect on the circulation through the tissues of the heart.
(B) Less strong solutions of cobra-venom appear to have a steadylng &

Iﬂimulating effect on the heart.The ultimate tendency of the strengths h&ﬂ&ﬂﬁ

.|Hn used is to eventually kill the heart,but unfotunately it has not been

however

|Possible so far to work with any solution below 1/500,000,which,is probably

!beyond the limit usually found in the blood of a cobra's victim.

| J&« oéht*j?-ﬁﬂ&* aeckron g76~2}45“€%¢ﬂf‘¢944&0u1 e &7ﬁ4¢u‘m;;df¢uuf'¢4=- é
ibbedniee P Prfesear Slifin, o Prenen Ihithopfon. % Fo Fne |
S vurtone P v anbeodl ¥ Aouu?, L.éc

£




o E Suppary_of_Conclusions.

Cobra "enom is one of the most vowerful noisons «<nown,since it has a

distinct action both on the isoclated heart % also on the muscular tissue
-1 of- the §rog ] .
of the blood—vesselsﬁwhen it is employed even in solutions of a strength of |

i} i |
g 11 in 10,000,000. ' |
ﬁ In the case of the heart & the vessels alite,it anoears to act by in-

{4 {ereasing the irritability of the muscular tissue % so favouriné the explo-

1t {sion of motor imoulses.

ad} Under its influence the heart beats faster,% tends to vass into a systolic

3? i phase L4

2 The exneriments with the mammalian heart have sesmesd to show that the

'~ lauricle is les. easily affected than the ventricle:but this is probably

perely due to their relative rates of circulation under thegd abnorral
{
! [circumstances of these experiments.

In stroné solutionsg,the action of this venom is fto kill an isolated HiHé
\heart in systolic positien in a very short space of time,whilst in very
weak solutions ¥Hd it avpears to act as 2 stimulant &:tenio,olosely resem- -’ W
Miné stophanthin in this resvect.

4 ' In all stren%ths upigokinén 10,000,000 the effect of cobra venom on

o |the arterioles is the samgeIt causes spvasmodic contraction of the muscular
, libre of the vessels,é& souiekems the flow of blood throuch them & raises
m'ithe arterial blood-pressure. i

The increzsed force & freaguency of the heari-beat,which resulte from the 'f
are olserve .
d (adminigstration of low doses of venom,& which ooeurs in the early stages of

”!aotion of even fatal heart-doses,must help to raise the blood-Bressure,&

3 fhus exagrerate the effect of the arterial svasm.Large dosss of venom,
v . ;

|¥hich when injected into a vein lower the blood pressure suddenly,act di-
) [
_‘w‘

) ﬂall of blood vressure which precedes death in exveriments with cobra venom

rectlv on the heart,but probably also on its nervous apnraratus.The slow

miﬁs likewise partly due to ¥H¢ direct poisoning of the heart muscle.

fji Tt is obvious that the present reseazch deals merely with 2 parit of the
faﬁmwstion,& that in estimatiné the factors which determine death,one must

ﬂinever lose siéht of the iphibition of the heart through the vaéus NEerves.

7 '¥hether such inhibition is broucht about by the direct noisoning of the

)Ecentres of those nerves,by the venom,or whether the nerve ends are the parss

2 lattaciked one cannot at present discuss,for such questions are outside the

'scope of this paper. Still less can one enter on the influence which an

It
aiasphyxiated condition.of the circulating blood exerts on all centres alike
L

% not least on those of the vagi. These matters will be dealt with in a

later communication elsewhere. |
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