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In Northern Queensland there are found two species of very large elapine
snakes. One of these is Ozyuranus maclennani, deseribed by J. R. Kinghorn
(1923, from two specimens obtained by Mr. W. McLennan, who, after killing
the snakes, procured their venom by expressing it from the poison glands.
These two samples of venom, now some years old, after being powdered and
dried in vacuo over calcium chloride, weighed 0-47

those of which specimens had been sent to the Australian Museum, and which
had been described as Ozyuranus. Mr. Kinghorn, in sending the two authentic
specimens of Ozyuranys venom, warned us that this third sample might prove
to be that of another large snake, Pseudechis sculellatus Peters, indistinguish-
able from Ozyuranus in its external characters, and differentiated by certain
osteological and dental characters. The investigation of this third sample of
venom has led us to the belief that this is the case, and we are provisionally
deseribing it as the venom of Pseudechis scutellatus.

These two snakes are the largest venomous snakes in Australia. They are
from 8 to 10 feet long. Ozyuramus has 3 formidable biting apparatus, and the
large venom yield and the high potency of its venom makes it beyond
the most dangerous snalke in this country. Pseudechis scutellatus must also be
regarded as highly dangerous, though its venom is much less potent. We have
not attempted to determine finally the toxicity of these venoms, using large
numbers of animals, since the samples of Ozyuranus have undergone some
deterioration, neither being completely soluble in physiological saline, and since

the sample obtained from Mr. Thomson is not certainly identified as the venom
of Pseudechis scutellatys.

question

1 This research

was carried out under g grant from the Department of Health, Common-
wealth Government.
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1. The Venom of Ozyuranus maclennani.

For the estimation of toxicity the larger sample of venom was used. This

had been extracted from the venom glands of a snake 8 feet 6 inches long and -

7 inches in girth, from whieh a skull, now in the Australian Museum, was
obtained. This sample before being powdered was a hard, translucent mass,
which had shrunk from the sides of its containing vessel.

The finely powdered venom, in weighed amounts, was placed in physio-
logical saline, and after an hour at room temperature the insoluble residue was
removed by centrifugation before the solution was used for testing. The doses
recorded are those of the original dried venom, though only the soluble portion
of this has been injected. Since the venom was obtained immediately after death
by expression from the venom glands, it may possibly have been diluted to some

extent with saliva. For these reasons the venom of this snake must be regarded
as even more toxie than our results indieate.

The Results of the Injection of Oxyuranus maclennani in Monkeys.

Three monkeys (Macacus rhesus) were injected subcutaneously with vary-
ing doses of this venom, in a concentration of 2-0 mgm. per c.em. The injections
were made just below the knee.

Monkey 1. 3-16 kilos, received 1:2 mgm. per kilo. He went off his food,
and became weak and ataxic in his movements. Twenty hours after the injeec-
tion he fell over and lay on his side, without dyspnoea or any distress. The
respirations were quiet and entirely diaphragmatie, about 16 per minute. The
limbs were not completely paralyzed, occasional movements being observed.
There was no circulatory collapse, and the animal remained warm till shortly
before death, which took place quietly, without convulsions, 24 hours after the
injection. At no stage was any ptosis observed, as with other venoms.. The
facial muscles contracted rhythmically until shortly before the end, the angles
of the mouth being drawn back with each breath. The pupils were neither
dilated nor constricted.

Post-mortem. There was no local lesion at the site of injection. The blood
was fluid, and the clotting time 14 minutes. There were no gross lesions in any
of the organs.

Monkey 2. 2-6 kilos, 1-0 mgm. per kilo injected subeutaneously. After
29 hours the animal was not eating, and there was some weakness and ataxia in
the movements. Forty-six hours after the injection the animal fell over, and
the only movements observed were those of the facial muscles contracting with
each respiration and the passive movements of the abdominal wall. The animal
was warm and the heart beating strongly. Under full ether anaesthesia
the carotid was cannulized. The mean blood pressure was 90 mm. Hg., the
rise and fall at each beat being from 106 mm. to 74 mm. The rate of the heart-
beat was 74 per minute, and of the respirations 15 per minute. Stimulation of
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the seiatic nerves evoked a good response in the innervated muscles, but there
was no appreciable rise in the blood pressure. Stimulation of the phrenic nerves
produced a brisk contraction of the diaphragm. The animal died of asphyxia
when its thorax was open, and there was no rise in blood pressure. Apart
from a few haemorrhages in the lungs there were no post-mortem changes due to
the venom.

Monkey 3. 2-71 kilos; 0-5 mgm. per kilo of venom was administered sub-
cutaneously. This animal showed no symptoms, and remained perfectly well.

The lethal dose of this sample of venom for monkeLw
1.0 mam, per Lilo, The action of the venom is predominantly peurotoxic, and

appears to be on_the central nervous sxstemI and got on e NelveS QL ASLYc.,
endings, though, as will be seen later, in one or two rabbits the response of the

muscles innervated by the seiatic and phrenic nerves was feeble when tested
immediately after death while the heart was still beating.

Though the evidence so far as it goes suggests a central rather than a
peripheral action of the venom, it should be remembered that Houssay and his
colleagues (1922) have produced good evidence that nearly all the venoms they
have investigated, including that of Notechis scutatus, the Australian tiger
snake, have a curarizing action on nerve-endings in skeletal muscle. Whether
stimulation of the phrenie will or will not cause brisk econtraction of the
diaphragm just before death, while the heart is still beating, appears to depend
on the time during which the venom has been aeting, and upon whether the dose
is so large as to produce rapid death from other causes. Tt seems probable, in
the light of Houssav’s experiments, that the venom of O.yuranus also has this
peripheral action, and experiments to elucidate this point and to decide whether
there is a central action as well, are in progress.

The Results of the Injection of the Venom of Oxyuranus maclennani in Rabbits.

Most of the rabbits used were domestic long-eared strains, but a few were
young wild rabbits, as indicated by (wild) in brackets after the weight. The
results of subeutaneous injection of the venom in a concentration of 2-0 mgm.

per c.cm. into the subcutaneous tissues of the abdominal wall are set out in
Table 1. ’

TasLE 1.

The Results of the Subecutaneous Injection of the Venom of
Oxyuranus maclennani in Rabbdits.

Weight Dose in mgm.
in kilos. per kilogram. Result.
1.73 2.0 Died in between 6 and 15 hours.
-1.84 1.5 Died in between 6 and 15 hours.
2.16 1.0 Died in less than 24 hours.
1.59 0.5 Died in 233% hours.
1.43 0.3 Paralyzed in 18 hours and remained so till

the end of the second day. Survived.
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The lethal dose is in the neighbourhood of 0-5 mgm. per kilo. Unfortu-
nately, only one of these animals (that which received 0-5 mgm. per kilo) was
observed throughout its illness. After 21 hours it was completely paralyzed,
save for the muscles of the face and the muscles of respiration. T'he respirations
were shallow, rapid, and regular. The circulation appeared good, and the
animal remained warm till shortly before death. Death took place by failure
of resBiration. The heart was beating strongly wﬁm
immediately before death, and stimulation of the sciatic and phrenic nerves at
this time caused only a feeble response in the innervated muscles, though these
reacted briskly to direet stimulation. The clotting time w Apart
from a few petechial haemorrhages at the site of injection, and variable haemor-

rhages in the lungs and thymus, no gross post-mortem changes were observed in
any of these animals.

The results of intravenous injection are set out in Table 2. The venom was
injected into a marginal vein of the ear in a concentration of 2-:0 mgm. per c.cm.,

except in the case of the last three animals in the table, in which it was used
in a solution containing 0-1 mgm. per c.ecm.

TaBLE 2.

The Results of the Intravenous Injection of the Venom of
Oxyuranus maclennani in Rabbits.

Number Average Dosein

of weight  mgm. per
animals. in kilos. kilogram. Result.
1 1.71 0.9 ied in 5 minutes.
3 2.15 0.8 ied in 3 minutes, 5 minutes, and in 1 hour 39 minutes.
2 (wild) 1.45 0.6 ied in 8% minutes and in 4 hours 41 minutes.
2 1.83 0.6 ied in 1 hour 20 minutes and in 2 hours 3 minutes.
1 1.89 0.4 Died in less than 24 hours.
1 2.14 0.2 ied in 3 hours.
1 2.0 0.1 ied in 5 hours.
1 2.07 0.05 Severe paralysis on the second day. Survived.
1 1.46 0.03

Paralysis of the hind limbs during the third day.

Survived.

The animals which received the smallest doses exhibited striking neurotoxic
symptoms, but survived, and those which received 0-8 and 0-9 mgm. per kilo
died following intravascular coagulation with typical symptoms (sudden col-
lapse and convulsions). In these there was fibrin whipped out in the right side
of the heart, and patchy thrombosis in the portal and mesenteric veins. In no
case was massive coagulation observed. Since the ‘‘thrombase’’ factor in venoms
is usually more readily destruectible, being associated with the eoagulable frac-

tion of the venom, it seems likely that the fresh venom, or venom gollgctgg and
stored under better conditions, would be found t in i

coagulant action. This suggestion is supported by the examination of the second
speeimen, which was ‘‘denatured’’ to a greater extent, and was found to have
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no demonstrable coagulable action in vitro. Injected intravenously into rabbits,

in a dose of 2:0 mgm. per kilo, it caused death in 23 hours, with neurotoxic
symptoms, but without any evidence of intravaseular clotting. For this reason
no attempt has been made to determine accurately the subcutaneous-intravenous
index (Fairley, 1929), which is probably greater than 5-0, the certainly lethal
dose by the intravenous route being about 0-1 mgm. per kilo.

Animals which, owing to insufficient dosage, escaped the coagulant action
of the venom, died quietly without convulsions, with paralysis and failure of
respiration. These presented no symptoms immediately following the injection,
and, indeed, remained apparently well until a short time before death. The
heart was still beating when the thorax was opened after unconsciousness had
supervened, the blood was everywhere fluid, and coagulation was somewhat
delaved. partial clotfing oceuring in 73 to 15 minutes. The phrenic and sciatie
nerves were relatively insensitive to faradic stimuli, though the muscles reacted
briskly. There were no gross lesions in the organs.

The Effects of the Venom of Oxyuranus maclennani in Guinea-pigs.

- The results of subcutaneous injection in the tissues of the abdominal wall of
guinea-pigs are shown in Table 3.

The venom was used in a conecentration of
0-02 mgm. per c.cm.

TABLE 3.

Results of Subcutaneous Injection of the Vemom of Oxyuranus maclennani

m Guinea-pigs.
Number Average Dosein

of weight  mgm. per
animals in grams. 100 grams, Result.
4 255 0.01 11 died in less than 18 hours.
6 215 0.008 Two died in less than 18 hours, one in 24 hours, one
on the second day, and two on the fifth day.
2 280 0.005 No symptoms. Survwed

The certainly lethal dose of this sample of venom appears to be about
0-008 mgm. per 100 grammes.
The symptoms following injection are very similar to those observed in
rabbits. The animals appear normal till the onset of paralysis, which progresses
rapidly, till death occurs from respiratory failure. There is no wetness of the
mouth, no obvious dyspnoea, and the circulation appears to be well maintained
till shortly before death. Apart from petechial haemorrhages at the site of
injection, and haemorrhages in the lungs, there were no obvious pathological

changes found at autopsy. The lofting time was normal.3 fo 4 minutes

The Effect of the Venom of Oxyuranus maclennani in Rats.

A few rats were injected subeutaneously with the venom in a concentration
of 0-2 mgm. per c.em. The results are set out in Table 4.
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TaBLE 4.

The Results of the Subcutaneous Injection of the Venonm of
O.xyuranus maclennani in Rats.

Number Average Dosein

of weight  mgm. per
animals in grams. 100 grams. Result.
2 135 0.08 Both -died in less than 18 hours.
6 140 0.06 One died in 18 hours, one in 22 hours, one in 28 howtx
two on the second day, and one on the fifth day.
2 145 0.04 One died on the fifth day and one survived.
2 150 0.02 Both survived without symptoms.

The lethal dose is about 0-06 mgm. per 100 grammes. The symptoms were
closely similar to those observed in guinea-pigs and rabbits, and weve pres
dominantly neurotoxie, death occurring fl;om respiratory failure. Apart from
haemorrhages in the lungs there were no obvious lesions at autopsy.

The Coagulunt Aetion of the Venom of Oryuranus maclennani.

This was turther investigated, using Lamb’s (1903) technique on ‘l“i
citrated plasmas of the rabbit, guinea-pig. and sheep, and on two samples ol
human plasma. The tests were performed in glass tubes 7-5 em. loug and
19 mm. in internal diameter. These were specially cleaned by boiling in @yt
regia, and afterwards thoroughly washed in distilled water and dried i the
hot-air oven. The venom, in a volume of 0-1 c.cm. of saline, was placed it the
bottem of these tubes, and citrated plasma (prepared by shedding blood inte att
equal volume of 27¢ sodium citrate in physiological saline and centrifuging vt
the corpuscles) was added in a volume of 0-2 c.em.. using a dropping pipeti®
The clofting times in the tubes were observed minute by minute at 37°C. The
results are set out in Table 5. where for comparison the clotting times of o0
of the human plasmas with black snake venom are shown.

TABLE 5.

The Coagulation of Plasma with Oxyuranus Venom in vitro.

Amount of Clotting times in minutes. N
venom in Black Sukke.
mgms. Guinea-pig. Rabbit. Sheep. Human. Human. T

(1) () 1) (2) <

0.1 15 15 13 30 5 9 L

0.05 25 20 2 60 7 10 S

0.25 40 40 3 13 12 3

0.012 90 90 5 22 20 &

(soft) not

0.0062 not 10 clotted 30 60 (soft) =%

0.0031 ] clotted 20 in

0.0016 T in 30 20 hours { not clotted in 20 hour?

0.00078) 20 hour 20 hours

The differences between plasmas from different species may be dopewdent
on genuine differences in the reaction of the species which with other vepems
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have been demonstrated by intravenous injection, or they may be in part
related to the methods of bleeding. The human blood was obtained from the
median basilic vein, rabbit blood from the marginal vein of the warmed ear,
and guinea-pig and sheep blood from the divided vessels of the neck, the citrated
sheep blood being procured at the abattoirs.

Experiments with the second smaller sample of venom, to which it was
suspected spirit had at some time been added, were of some interest because,
though we failed to demonstrate any trace of coagulant activity in wvitro with
any of these plasmas, even using 2-0 mgm. of venom to 0-2 c.cm. of plasma, the
venom exhibited a feeble anticoagulant action in doses of 0-1, (0-05, 0-025, 0-012,
and 0-0062 mgm. For example, after incubation with guinea-pig plasma for
1 hour, the addition of caleium chloride 0-5% solution in an amount sufficient
to cause clotting in control tubes within 4 minutes, only resulted in clotting after
the lapse of 50 minutes with 0-1, 0-05, and 0-025, of 40 minutes with 0-012, and
of 15 minutes with 0-0062 mgm. Plasma incubated with smaller amounts of
the venom exhibited normal clotting on the addition ot calcium ehloride.

The Haemolytic Effects of the Venom of Oxyuranus muclennani.

The haemolytic action of the venom was tested on the red blood cells of man
and of the sheep, rabbit, and guinea-pig. The cells were used in a 3% suspen-
sion. The total volume of the haemolytic system was 0-3 c.em. (0-1 c.em. of
saline or added guinea-pig serum, 0-1 c.em. of saline containing venom, and
0-1 c.em. of 3% suspension of red blood eorpuseles). “*Washed’’ red blood cells
were three times washed in normal saline by centrifugation, and ‘‘unwashed”
cells were made up at once after spinning them down from the citrated blood.
A few experiments were also made using defibrinated blood diluted with saline
so as to eontain the same proportion of red blood corpuscles as the 374 suspen-
sions in saline.

The tubes used for these haemolysis tests were boiled in «qua regiu,
thoroughly washed in distilled water, and subsequently dried in the hot-air oven.
The venom was used in doses of 0-1 megn.. 0-1 x 10— mgm. . . . . 0-1 x 10—
mgm., or in a closer spaced series, 0-1, 0:05, 0-025, 0-012 . . . . 0-000195 mgm.

With human red blood cells, both “*washed’” and ‘‘unwashed,”” and venom
indoses of 0-1, 001 x 101 .. .. 0-1 x 10--® mgwm., there was no haemolysis after
41 hours at 37°C. " The addition of 0-1 c.em. of guinea-pig serum to either
““washed”” or “unwashed’” cells after ineubation with venom for 3 hours caused
traces of haemolysis in the first three tubes In the series after a further 45
minutes’ ineubation. Red blood cells from another individual were tested with
0-1, 0-05 . ... 0-000195 mgm. of venom. Incomplete haemolysis of ‘‘washed”’
cells was observed with 0-1 mgm. of venom after 24 hours, and complete
haemolysis with 0-1 and 0-05 mgn.. of venom after 3 hours, but no haemolysis
was observed in the parallel experiment with defibrinated blood. In the case
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of “was}}eq” cells, i""’”"'llinn in the presence of complement caused some
haemo.]ys1s n "’?“ the il in 15 minutes and complete haemolysis in %-hour,
but w‘1th defibrinated 1| "o haemolysis was observed until #-hour, and then
only in the first four 1y}, Coutaining 0-1, 0-05, 0-025, and 0-0125 mgm. of
venom.  After 13 houry yy, first seven of the ten tubes in the series were com-
p‘letely 1.136{1’101}’2_9‘1- 'l"hlu “Xperiment affords an excellent example of the
‘ protc(:tlve gctlon ‘nl Wwlogous serum, like that described by Duhig and
Jone.s \1928).111. their “Peviments on the venom of the stone fish, Synanceja
horrida. A similar l’l""“‘lnunun was noted by Welsh and Chapman (1910) in
their study of haemolyyi, by Australian \'enor;ls
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venom of Oxyuranus mdacleyy,. . ¥8tion of haemolysis of washed cells of the guinea-pig by the

of the venom of Pseudcchiy y, N ¥ doses of 0.1, 0.05, 0.025, 0.012 . . . . 0.00039 mgm., and

“atus in doses of 0.1, 0.01, 0.001, and 0.0001 mgm.

,V,Vith sheep red blony “lix no haemolysis was observed in 20 hours, and the
addition Of‘ ‘complen’x:'m ‘\““*‘d to cause a;w haemolysis. With rabbit red blood
cells both wasl‘le.d i “nnwashed,”’ t}~1ere was also no haemolysis, but the
effect Of. the afidm(m of KW tnea-pig se;um was not tested.

Guinea-pig red hlongy s (figure 1) were much more sensitive to this

venom. Complete hm-um\\ Nix of “‘unwashed’’ cells took place with 0-1, 0-05,
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0-025, and 0-012 mgm. in 1 hour, with 0-031 mgm. of venom in 1 hour 20
minutes, with 00016 in 1% hours, and with 0-00078 and 0-00039 mgm. in 3 hours.

The experiments with human, rabbit, and guinea-pig red cells demonstrate
the Sgeble pature of U haomolylic deiion b dlis vonom, a result which was
already suggested by the post-mortem findings in animals killed with venom.

Experiments with guinea-pig red cells showed only a very slight difference
in haemolytic activity between the two samples of this venom. The haemolytie,
unlike the coagulant, activity of the venom, has not been greatly impaired by
the excessive denaturation which has occurred in the smaller sample.

The Effects of the Venom of Oxzyuranus on the Circulation.

A number of experiments of a preliminary nature have been made on
cats and rabbits under ether anaesthesia without artificial respiration, in which
the blood pressure has been recorded by cannulization of the carotid artery.
In some the vagi have been intact, and in others divided. The venom used
in most of these experiments has been the smaller (*‘denatured’’) sample,
which does not cause intravascular coagulation when injected intravenously

nm //}4

Figure 2. Blood pressure tracing from a cat (Protocol 1) which was injected at A with
10 mgm. of Ozyuranus venom intravenously. At B a second dose of 8.0 mgm. was adminis-
tered. A portion of a plethysmograph record of the small bowel is shown here. As this
appeared to be recording only passively the bowel was restored to the abdomen. C, tracing at
1.46 p.m. (Protocol 1). D, record at 1.53 p.m.; vagi cut, no rise of pressure resulting.
E, record at 2.20. Right sciatic nerve stimulated, only a very small rise of pressure. F, 5.0
mgm, of Oxyuranus (undenatured); rapid fall of blood pressure with coagulation in the right
heart.

It has been administered intravenously in a concentration of 2-0 mgm. per
c.cm., the injections being made slowly from a syringe. Rabbits were found to
be more suitable than cats, as they are much less resistant to the sction of
the venom, and a dose of about 10 mgm. is sufficiently large to produce death
within an hour or two, obviating the necessity for prolonged anaesthesia.
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It was hoped that by first injecting a dose of denatured venom it might be
possible to induce a negative phase, as Martin (1894) did by injection of
minute doses of coagulant venoms, and so permit of the study of the less
denatured sample of venom used in most of the other experiments, by injec-
tion at a sufficiently rapid rate to ascertain its immediate effects on the blood
pressure. This was not possible, and the injection of this sample of venom
invariably caused a rapid fall of blood pressure associated with intravascular

clotting. Protocols 1 and 2 illustrate the general effects of the venom in the
cat and rabbit.

The immediate effect of the injection of a large dose of this venom is to
cause a small Tall In blood pressure. TTRIS 1S 1USTate Bgure 2 ar X, where
a dose of 10 mgm. ofﬂxyurames was injected. The pressure fell from 169 mm.

to 145 mm., shortly recovering to 148 mm. A condensed protocol of this experi-
ment is given here.

Protocol 1. Cat, 2-24 kilos.

12.10 p.m. - Ether anaesthesia. Trachea and carotid cannulized. Vagi intact. Time marker,
5 second intervals.

12.34 p.m.  Blood pressure recording, 180 mm. Hg.

12.54 p.m. 10 mgm. Oxyuranus (‘‘denatured’’ sample) injected into femoral vein. Blood
pressure 169, falls to 145 mm. and rises .again to 148 mm.

1.12 p.m. Blood pressure 142 mm.

1.23 p.m. Blood pressure 135 mm. 8.0 mgm. Oxyuranus ‘‘denatured’’ venom injected.

1.46 p.m. Blood pressure 110 mun.

1.53 pm. Blood pressure 76 mm. Vagi cut, no rise in blood pressure.

2.20 p.m. Blood pressure 62 mm.

Right sciatic nerve stimulated, very slight rise in blood
pressure to 66 mm. Good contraction of innervated muscles,

2.25 p.m.  Blood pressure 60 mm. 5.0 mgm. of undenatured Oxyuranus venom. Rapid fall

in blood pressure and death in four minutes with fibrin whipped out in the
right heart but no other sign of intravaseular clotting.

Protocol 2. Rabbit, 2-6 kilos.

Ether anaesthesia; trachea and carotid can-

nulized, Vagi cut.

3.50 p.m. Blood pressure recording. 135 mm. Hg,

3.52 p.m. Blood pressure 130 mm.
falis to 117 mm.

3.57 p.m. Respirations 88 per minute. Blood pressure 123 mm.

4.10 p.m. Blood pressure 120 mm. 1.0 mgm. Oxyuranus venom (undenatured). No change
in blood pressure.

8.0 mgm. denatured Oxyuranus venom. Blood pressure

4.14 p.m. Respirations 80 per minute.

416 pm. Blood pressure 122 mm. 1.2 mgm. Oxyuranus venom (undenatured).
4.26 p.m. Blood pressure 125 mm. Traube waves. Blood not so well oxygenated.
430 p.m.  Blood pressure 126. Traube waves about seven per minute.

1.8 mgm. Oxyuranus
venom (undenatured).

Death in four minutes from the commencement of this injection. Traube waves
beautifully marked as the pressure falls. Fibrin whipped out in the heart.

Stimulation of the phrenic nerves causes brisk contraction of the diaphragm.
Smaller doses of venom (2-0 mgm.) also cause a small immediate fall in
pressure, sometimes preceded by a still smaller rise, which is possibly a volume
effect. The later effects of a single dose of the venom on the circulation, when

the effects of changes in lung ventilation are eliminated by section of the vagi,
are illustrated in Protocol 3.
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Protocol 3. Rabbit, 2-67 kilos. Ether anaesthesia; trachea and carotid
cannulized, vagi divided, and 9 mgm. of Oxzyuranus administered intravenously.

Time after Respiration
injection. Blood pressure. Rate.
1 minute Falls from 64 to 56 mm., 84
6 minutes ° 56 mm. 87

13, 74 mm.

18, 66 mm. 94
23, 66 mmn. 84
34, 72 mm. 74
41, 84 mm. (Feeble output per beat, oxygenation not so good) 48
48 78 mm. (Oxygenation improved) 54
55, 84 mm. (Traube curves) 66
64 80 mm. 44
W, 70 mm. 34
™, Blood pressure fulls rapidly and respiration ceases. Arti-

ficial respiration ineffective.

The blood pressure for some time is moderately well maintained, though
after about an hour the output of the heart per beat becomes very small. At
this stage the respiratory rate, which has been steadily declining, becomes slower,
and the blood in the arterial cannula is obviously less well aerated. The blood
pressure often rises somewhat, possibly owing to asphyxia, and at this stage
Traube curves may appear in the tracing. Finally, the respiratory rate becom-
ing progressively slower, there is a sudden fall of blood pressure, respiration
failing at about the same time. There are never convulsions, though stimulation
of the sciatic and phrenic nerves always causes brisk responses in the innervated
museles. The failure to demonstrate any peripheral action of the venom in these
experiments is probably related to the size of the dose employed and the short
period of time during which it has been acting.

Further experiments are in progress for the analysis of the action of this
and other venoms on the circulation and respiration, using decerebrate prepara-
tions to eliminate the complicating effect of anaesthesia. and decapitate and
spinal preparations for the study of the effeets on the eardio-vaseular system
under artificial ventilation. The results of these experiments will form the
subject of a further communication.

9

This sample of venom was in exeellent condition, and was completely
soluble in water and saline. Iig toxic getion suill Do ool komdiomitilil
different drom that Of (b Ul bbb Ciddildi .

Instead of being coagulant,
powerfully neurotoxic and feebly haemolytic in its action, Yedseddibicneididit,
not yerv sizonaiv neuroiasic. but powerfully baemalitic, and resembles rather
closely the venom of Pseudechis guttatus De Vis, recently examined by one of
us (Kellaway, 1929).




166 C. H. KELLAWAY anxp F. ELEANOR WILLIAMS
The Effect of the Venom on Rabbits.

Four rabbits were injected with this venom, in a concentration of 2-0 mgm.
per c.em,, into the subcutaneous tissues of the abdominal wall. One weighing
1-38 kilos received 3-0 mgm. per kilo, and died in 5% hours. Another, also a
wild rabbit, weighing 1-3 kilos, received 2-0 mgm. per kilo, and died in less
than 18 hours. A domestic rabbit, weighing 173 kilos, which received the same
dose per kilo, and another weighing nearly 2 kilos, which received half this
dose, survived without symptoms. The Symptoms which were exhibited by the
two rabbits which died were similar to those (shortly to be deseribed) exhibited
by rabbits injected intravenously, but were longer delayed in onset. The animals

appeared to be sick, but no neurotoxie symptoms were observedI haemolxtic
changes dominating the picture.

Post-mortem.

The abdominal subeutaneous tissues were the seat of an extensive haemor-
rhagic oedema spreading from the place of injection. J’I.‘-};suprarenals ‘were
congested, and there was haemorrhagic congestion of the bowel. There was
intense haemoglobinuria. The lungs and thymus contained haemorrhages. The
blood was fluid in the heart, and great vessels, and its clotting time was delayed.
The serum which exuded from the clot was deeplv stain /it moglobin.

The results of intravenous injection were more dramatic. Even with very
large doses there were no immediate symptoms suggestive of intravascular
coagulation, though death took place very rapidly in one animal. The results
are set out in Table 6. The venom was injected in a concentration of 2 mgm.

per e.cm., except in the first animal, where it was used in a concentration of
5 mgm. per c.cm.

TABLE 6.

The Results of Intravenous Injection in Rabbits.

Number Average Dose in
of weight mgm. per )
animals. in kilos. kilo. Result.
1 2.02 5.0 Died in 20 minutes.
1 1.54 2.0 Died in 34 minutes.
1 1.4 1.0 Died in between 1 hour 20 minutes and 2 hours 50
minutes.
2 (wild) 1.3 0.9 Both died in 1 hour 15 minutes.
2 (wild) 1.25 0.7 Died in 41 minutes and in 1 hour 39 minutes,
2 1.75 0.6 No symptoms. Survived.

The certainly lethal dose is more than 2.0 mgm, per kilo by subcutaneous
injection, and about 0-7 mgm. per kilo intravenously. The animal which
received the largest dose had no symptoms for 10 minutes. It then exhibited
slight weakness, and inco-ordination of its movements. After 19 minutes it
had a very brief convulsion, and respiration ceased in 20 minutes. The blood
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was everywhere fluid, and the eclotting time 10 minutes. The serum which
exuded from the clot was deeply blood-stained. There was a little staining of
the peritoneum. There were no other lesions. The phrenic and sciatic nerves
were stimulated immediately after death, and brisk contraction of the innervated
muscles resulted. The symptoms in the remaining animals were very similar.
There was a latent interval of varying length, in which there were no obvious
symptoms, and then quite suddenly tm
in a brief convulsive seizure. One animal had a terminal pulmonary oedema,
with blood-stained frothy fluid oozing from the mouth and nose. All exhibited
intense intravascular haemolysis. Clotting was much delayed, frequently over
an hour, and the serum was deeply coloured with blood pigment. The peri-
toneum and subperitoneal tissues were stained with blood pigment. There was
much blood-stained fluid free in the peritoneal cavity, and some animals had
similar effusions in the pleural cavities. The bladder in rabbits surviving
sufficiently long contained much blood pigment in the urine, and the cut surface
of the kidneys was black with altered blood. There was intense haemorrhagic

congestion of the small bowel, and there was no obvious clotting anywhere in

the vascular system.

Effects in the Guinea-pig.

The effect of subeutaneous injection was also observed in guinea-pigs, and
the results of injection in a concentration of 2-0 mgm. per c.cm. are set out
in Table 7.

TasLe 7.

Results of Subcutaneous Injection in Guinea-pigs.
Number Average Dosein

of weight  mgm. per
animals in grams. 100 grams. Result.

6 262 0.2 Three died in between 9 and 12 houis, one in less than
18 hours, one in 27 hours, and one survived.

6 261 0.15 Two died on the first day, three on the second day, and
one on the third day.

6 268 0.1 One died in less than 18 hours, two on the second day,
and three survived.

5 256 0.08 One died on the third day and four survived.

The certainly lethal dose is somewhat more than 0-2 mgm. per 100 grammes.
The symptoms were very similar to those observed in rabbits. Apart from a
slight roughness of the coat and anorexia, there were no symptoms till shortly

before death. The animals did not appear to be garalzze ; though there were

sometimes muscular weakness and ataxia. ; and
deatb sxidently resulted from the haemolvtic action gf the venom. The post-
mortem findings were closely similar to those found following the injection of
diphtheria toxin or of the venom of Pseudechis guttatus. All the animals had
intense haemorrhagic oedema of the abdominal wall, almost black haemorrhagic
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adrenals, and haemorrhagic small bowel. There was much free blood- stained
fluid in the peritoneum, and sometimes i in the pleural cavities. Haemorrhages in -
the lungs were constantly present.

The Effects of the Venom of Pseudechis scutellatus in Rats.

The effects of subeutaneous injection of this venom in a few rats are set
out in Table 8. The venom was given in the flank in a concentration of 2-0 mgm.
per c.em.

TABLE 8.

The Effects of Subcutaneous Injection in Rats.

Number Average Dosein

ot weight mgm. per
animals in grams. 100 grams, Result.

2 120 0.8 Died in 3% and 3% hours.

6 156 0.4 One died in 23 hOlllS, one in 24 hours, one in 26 hours,
two later on in the second day, an(l one survived.

1 134 0.3 One died in 26 hours, one later on in the second day,
and two surnved

2 150 0.2 No definite symptoms. Survived.

2 135 0.15 ‘One died on the third day and the other survived.

The certainly lethal dose is more than 0-4 mgm. per 100 grammes. The
symptoms exhibited after injection were very similar to those observed in rabbits-
and guinea-pigs. The coat was ruffled, and there was often haemoglobinuria.
The animals did not become paralyzed, but some appeared to be weak and ataxice
before they fell over very shortly before death. The post-mortem findings were
similar to those observed in guinea-pigs. There were haemorrhagie oedema
spreading from the region of the injection. haemorrhages in the lungs, and

haemorrhage and congestion of the bowel. Haemorrhagic adrenals were seldom
observed.

The Anticoagulant Action of the Venom.

I'n witro experiments were made with this venom side by side with those
earlier deseribed on the venom of Orywranus maclennani. With none of the
plasmas was any coagulant action observed with doses of venom up to 2-0 mgm.,
but, on the contrary, after incubation for 1 hour, and the addition of sutﬁclent
caletum chloride to cause rapid coagulation in control tubes, clotting failed to
oceur in the tubes containing larger amounts of venom in the series 0-1,
0-1x107*....01x10"7 mgm. The clotting times after the addition of
varying amounts of caleium chloride to the different plasmas which had been

incubated with venom, and the clotting times in control tubes, are given in
Table 9.
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TaBLE 9.
Anticougulant Action of the Venom of Pseudechis scutellatus.
Dose of
venom in Clotting times in minutes after addition ot CaCl,.
mgn. Guineapig. Rabbit. Sheep Human.
Nil 4 9% 18
1 No clotting No elotting Nn clotting  No cletting
'()1 b2l » 1 1
.001 " s 25 (soft) .
L0001 12 hours . 7 "
-00001 4} mins, 30 mins. (soft) 44 30 mins.
000001 4, 15, 4 23,
0000001 + 9}, ” 4 : 18,

The antlcnd«ruldnt action of this venom is much more striking than that of
the venom

mates closely to that of cobra venom.

Rellaway, 1929), and approxi-

The Haemolytic Aetion of the Venom of Pseudechis scutellatus.

The results of the injection of this venom into animals, and particularly
those of intravenous injection in rabbits, demonstrate its striking haemolvtic
activity.  Tests in vifro with washed human and rabbit red blood cmpu\elo\
“
using the methods earlier deseribed, in which comparison was made with the

Hbwman O

Fettir  +
0-00039 MWW(M . o
000078 ]
0-006 ]

0-0031 |

0-0062 |

- v
0 * 1 v 2 2% 3
7N .
Jime in Howrs
Figure 3. Graphic representation of haemolysis of washed human and rabbit red blood
cells by the venom of Psewdechis porphyriacus and Pseudechis scutellatus.
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venom of the black snake (Pseudechis porphyriacus), are graphically represented
in figure 3." This is a convenient method of displaying the results, and has no
striet quantitative significance. The times at which the various quantities of
venom in the series, 0-1, 0-05 . . . . 0.00039 mgm., cause complete haemolysis,
furnish the points on the curve. It will be seen that for red blood corpuseles
of these two species the venom is but little inferior in activity to that of
Pseudechis porphyriacus. With defibrinated human blood no haemolysis took
place in 3 hours with either venom, but in defibrinated rabbit blood the red cells
were hardly protected at all by the presence of homologous serum. The addition
of guinea-pig serum to washed human cells and venom caused complete
haemolysis in all the tubes in $-hour at 37°C., and even with defibrinated blood,
though the process was slower, haemolysis was complete in 11 hours. With
‘“washed’’ guinea-pig red blood ecells (figure 1) 0-1 mgm. caused complete
haemolysis in }-hour, 0-01 mgm. in $-hour, 0-001 in 1 hour 20 minutes, 0-0001
in 3 hours. The sensitiveness of these cells to haemolysis by this venom is there-

fore about the same as those of man and of the rabbit. With sheep red cells no
haemolysis was observed.

The Effect of the Venom of Pseudechis scutellatus on the Cireulation.

A number of experiments were made on rabbits under ether anaesthesia
without artificial ventilation, in which the trachea and carotid were cannulized
and the blood pressure recorded. In some the vagi were intact, and in others
they were divided.

The effects of this venom on the eireulation were much more striking than
those produced by the injection of the denatured specimen of the venom of

Ozyuranus. The immediate rise and fall of blood Reessuke.nroduced by doses
of 5 . - " q

dose of aﬂrggﬁlmsl and it is possible that the immediate effect of the venom is
actually produced by the liberation of adrenaline from the suprarenals. No
proof of this suggestion is, however, offered in the present communication.

Figures 4 and 5 illustrate the cireulatory changes which follow the injection
of this venom, and the experiments from which they
briefly in Protocols 5 and 6.

were taken are set out

Protocol 5 (figure 4). Rabbit, 1-44 kilos. Ether anaesthesia; trachea and
carotid eannulized, vagi intact. Time in 5-second intervals,

2.50 p.m. Blood pressure 100 mm. Hg.
251pm. 8.0 mgm. Pseudechis scutellatus venom injected intravenously,

rises from 91 mm. to 98 mm. and then falls to 55 mm. within 15
Blood pressure 34 mm,

m
m. Blood pressure 48 mm. Blood well aerated.

-m. Respirations 120 per minute, regular. Blood pressure 60 mm.
m

m

m

Blood pressure
seconds.

Respirations 106.  Blood pressure 90 mm. Marked Traube curves, 11 Per minute,

- Respirations 96 per minute. Blood not so well oxygenated. Blood pressure 95 mm.

-m. to 3.20 p.m. Rapid fall of blood pressure from 80 mm. to 18 mm, Heart fails hefore
respirations which at the beginning of this period are 58 per minute,

B 9g T
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Protocol 6 (figure 5). Rabbit, 25 kilos. Ether anaesthesia; trachea and

carrotid cannulized ; loop of bowel enclosed in plethysmograph, and vagi divided.
Time in 5-second intervals.

11.50 a.m. 8.0 mgm. Pseudechis scutellatus venom injected intravenously. Blood pressure
rises from 76 to 85 mm. and then falls in the next 20 seconds to 56 mm.
Plethysmograph shows a small increase in volume coincident with this fall.

(Plethysmograph record a little behind the blood pressure.)
11.52 a.m. Blood pressure 70 mm.

11.57 a.m.  Blood pressure 73 mm. Blood not so well oxygenated.

11.58 a.m. Blood pressure 80 mm. Bowel volume decreases as bhlood pressure rises.
11.59 a.m. Mean blood pressure 84 mm.

12.6 p.m. Fall in blood pressure.

12.7 p.m. Respiration fails.

12.84 p.m.  Animal dead. The howel volume falls passively with the blood pressure.

A number of other experiments, both with and without a bowel “plethys-
mograph, was made, and gave closely similar results. In all cases the volume
of the bowel inereased with the initial fall of blood pressure, and diminished as
the pressure rose later. This later rise is probably asphyxial in origin, though
the blood in the arterial cannula was not always obviously poorly aerated till
later. when the blood pressure was falling. Tn most of the experiments Traube
curves were present in the tracing when the blood pressure was high, just before
the dramatic fall of blood pressure which appeared to precede failure of respira-
tion. We have not been fortunate enough to get a good plethysmograph record
during the period in which the Traube curves were characteristically present
(figure 4 C).

During the final fall the bowel volume was diminished, the plethysmograph
record following the blood pressure passively. Protocol 7 is a very good example
of the high level of blood pressure reached before the final rapid fall. The
plethysmograph record showed vasoconstriction with the rising pressure, and

only fellowed the blood pressure passively in the last 3 or 4 minutes of the
experiment.

Protocol 7. Rabbit, 2-70 kilos. Ether anaesthesia; carotid and trachea
cannulized ; loop of bowel enclosed in a plethysmograph.

43 p.m. Blood pressure 66 mm. Hg. Vagi divided. Blood pressures rises to 89 mm. Hg.
4.13 pm. Blood pressure 90 mm. 5.0 mgm. venom injected. Blood pressure rises to 95
and falls quickly to 80 mm. Hg.

4.16 p.m. Respirations 72 per minute forcible. Blood pressure 93 mm. Hg,

417 p.m. Blood pressure 91 mm. Hg,

424 pm. Blood pressure 102 mm. Hg.

4.27 p.m. Blood pressure 106, still rising. Respirations 67 per minute.

4.30 p.m. Blood pressure 120 mm. Respirations 68. Blood still bright in arterial cannula.
4.37 p.m. Blood pressure 140 mm., rising to 150 mm. Hg.

442 p.m. Blood pressure 140 mm., falling.

4.43 p.m. Blood pressure 90 mm,, falling abruptly to 8 mm.

4.45 p.m. Respiration ceased.

In the last stages of several of these experiments the sciatic and phrenie
nerves were stimulated with a faradic current. and brisk contraction was
obtained in the innervated museles,
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Figure 4. Blood pressure record of a rabbit which received 8.0 mgms. of the venom of
Pxcudechis seutellatus intravenously. At A, injection of venom. B, tracing at 3.1 p.m. (see
Protocol 5). €, tracing at 3.12 p.m., showing Traube curves, D, tracing at 3.15 p.m. E, fall
of bload pressure, showing effect of terminal convulsive movements,

mm/'{}
80"

60

20

BAOOAREE BB
R R E R R R RERRRRY AL RIS BN

Figure 5. Blood pressure and plethysmograph records from a rabbit following the intra-
venous injeetion of the venom of Pseudechis scutellatus. The upper tracing is from the howel
plethvsmograph., At A, 8.0 mgm. of venom injected. B shows part of the tracing at 12.53
and 12,57 p.m. (Protoeol 6). The plethysmograph tracing point is placed a little behind that
of the manometer. C shows the final fall of blood pressure; the plethysmograph writing point.

has been raised by blowing air into the system so that it records above the blood pressure
tracing after crossing it in B,
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Convulsive movements were not infrequent as a terminal event, and in
figure 4 they produce the irregularities in the final fall of blood pressure. We
are inclined to the belief that the asphyxial picture produced by this venom is
due to intravascular haemolysis interferi i xvgenation of the bulbar
gentres, since the animal goes on breathing vigorously, the ventilation of the
lungs appearing to be excessive, and the blood in the arterial eannula remaining

bright in colour. Respiration ceases when the blood pressure has alreadv fallen

fo.a very lmv 1gyg1. )

The effects of the venom upon the circulation in this dosage are probably
wholly indirect, its first action being the sudden liberation of adrenaline, and its
later effect being due to anoxaemia. There is no evidence of neurotoxic action
in these rapid deaths, which appear to be due to the haemolytic action of Lhe
venom. These conclusions must be regarded as provisional only. Further

experiments are in progress for the analysis of the action of this and other
Australian venoms on the cirenlation.

The Stimulant Action of the Venoms on Plain Muscle.

Like all the other Australian elapine venoms so far tested, the two venoms
diseussed in the present paper have the stimulant action on plain musele recently
described by one of us (Kellaway).2 On the plain musecle of the guinea-pig the
reacticn closely resembles that of the anaphylactic response of a sensitive uterus.
The peculiar feature of the reaction is that having once responded to a dose of a
venom, the plain musele ean no longer respond either to the same dose of that
venom or to an equivalent stimulant dose of another venom of the group.

We have made no attempt to determine the limiting dose which with either
of these venoms causes a maximal contraction of the isolated guinea-pig uterus.
The venom of Oxywranus maclennani is more potent than that of Pseudechis
scutellatus. With the former a maximal response was obtained with 1 in 500,000 ;
with the latter there was no response with 1 in 1,000,000, but a maximal response
with 1 in 250.000. The denatured sample of Oryuranus venom also caused a
maximal response in 1 in 250,000.

CONCLUSIONS.

1. We have investigated three samples of snake venom, two unquestionably
from Ozywranus maclennani Kinghorn, and one which is almost certainly the
venom of Pseudechis scutellatus Peters.

2. The venom of Oxyuranus injected subentaneously is lethal to monkevs

in doses of the order of 1-0 mgm. per kilo, to rabbits in those of 0-5 mgm. per
kilo, to guinea-pigs in those of 0-08 mem. per kilo, and to rats in doses of the

2 Submitted for publication to the British Journal of Exp. Pathology.
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order of 0-6 mgm. per kilo. Injected Intravenously it is lethal to rabbits in
doses of the order of 0-1 mem. per kilo,

3. The venom contains “thrombase.”” and causes intravascular coagulation
whern injeeted in sufficient dosage. Tt coagulates citrated plasma in vitro.

4. Tt is only feebly haemolytie, but is powerfully neurotoxie, death in most
animals being due to this activity of the venom,

2. Tt has a slight immediate depressor effect on the hlood pressure, and
finally causes death by respiratory failure, [t diminishes the output of the heart.

6. The venom presumed to be that of Pseudechis seutellatus injeeted sub-
cutaneonsly is lethal to rabbitg in doses of the order of 2-3 mgm. per kilo, to
aninea-pigs in doses of from 1-5-2.9 mgm per kilo, and to p
kilo.  Tujected intravenous]y in rabbits it kills in doses
per kilo.

ats of 4-8 mgm. per
of about 0-7 megm.

7. The venom has powerful anticoagulant and haemolytic activities, but is
only feebly neurotoxie.

8. Tts effects on the cirenlation in rabhits are in the main seeondary to ity
haemolytie action.

9. Both these venoms have a stimnlant action on isolated plain musele.
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