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On the Poison of Naja tripudians. 

The destruction of life in India by snake-bites is so great, that, 
with the hope of preventing or diminishing the mortality, in 
1867 Dr. Fayrer began, and has recently completed, a protracted 
and systematic series of investigations on the subject in all its 

aspects; and, in a work entitled the 
' 

Thanatophidia of India,' 
has published a description of the venomous snakes found in 
British India, with an account of a series of experiments on 
the lower animals, conducted for the purpose of studying the 

nature of the poison, its modus operandi, and the value of the 
numerous remedies that have been from time to time reputed as 
antidotes?that is, as having the power of neutralizing the 
lethal effects of the virus, and of saving life. 

His object in carrying out these investigations has been :? 
1st. To ascertain the nature and relative effects of the bite 

of the different forms of Indian venomous snakes, and the con- 
ditions and degrees of intensity under which the activity of the 
virus is most marked. 

2nd. The physiological action of the virus, and its mode of 

causing death. 
3rd. The value of remedies, and the extent to which we 

may, by preventive or therapeutic measures, hope to save life. 
4th. To ascertain and make known the actual state of our 

information in connexion with these three -points of inquiry, 
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and to substitute scientific and rational knowledge for vague, 
empirical, and dangerous theories. 
He has had the honour of submitting a copy of this work to 

the Royal Society; and it is therefore unnecessary to occupy 
its time by repeating much of what is therein related on the 

1st, the 3rd, and part of the 4th heads. 
But on that which is involved in the 2nd, and partly in the 

4th, much is still required to be done; and therefore on the 

question of the nature and physiological action of the virus on 

life, and the application of that knowledge in the treatment of 
those poisoned, the following investigations have been made .? 

'Ilhat the subject is one of interest in a purely scientific as 

well as sanitary point of view we believe will be admitted ; 
for it is as important to humanity as to science that the nature 
and properties of a poison which, in India alone, probably 
destroys over 20,000 human beings annually should be 

determined. 
"We are aware that these figures may excite astonishment and 

even mistrust ; but the sources from which the information is 
derived place it, we think, beyond a doubt, being derived from 
official returns for the year 1869, supplied to Dr. Fayrer bj 
the Government of India. ? 

He has received reports from Bengal, the North-West Pro- 
vinces, Punjab, Oude, Central Provinces, Central India, Raj- 
pootana, British Burmah, showing the loss of life from snake- 
poisoning in those provinces in the year 1869. 

These records represent, it is true, only a portion of India, as 

the Madras and Bombay Presidencies, as well as other parts of 
India, are not included, Had similar information been obtained 
from these provinces, the lisUof mortality would doubtless have 
been much larger; as it is, the number of deaths is perfectly 
appalling, and the subject merits consideration, with the view 
of providing, if possible, some remedy. 
He has roughly classified the deaths under the headings of 

the snakes that inflicted the fatal wound; but the records are 
rather vague on this point, and the information not perhaps 
always very reliable. Still they are sufficiently explicit to 

make it clear that, in order of destructiveness, the cobra (Naja 
tripudiavs) occupies the first place on the list; the krait (Bun- 
garus cceruleus) the second place ; whilst under the headings of 
"other snakes" and " unknown" must be included many deaths 
due to the cobra, Bung ar us cceruleus, Ophiophagus, Daboia, Echis 
carinata, Bungarus fasciatus, Hydrophidce, and some perhaps to 

the Trimeresuri, though, as to the last, there is reason to 

believe that deaths from their bites are comparatively very rare. 
The total number of deaths recorded therefore stands thus :? 

Bengal, including Assam and Orissa ?????< 
North-West Provinces 
Punjab 
Oude ? 

; 
Central Provinces 
Central India 

British Burmah 
* 

Total ... 11,416 
of i population (according to Dr. Hunter) of 120,972,263, or, 
in round numbers, about one person in every 10,000. 

This total, large as it is, we fear cannot be regarded as the 
real mortality in these provinces, nor may the numbers be 

accepted as an absolutely true indication of the relative fre- 

quency of deaths in each. 
The information from which these records were framed was, 

though official, probably only partial and imperfect. Dr. 

Fayrer believes that if systematic returns could be kept, as he 
has suggested that they should be, by the police in every dis- 
trict, sub-division, and municipality, the number of deaths 
would be, excluding all doubtful cases, much larger. He 
believes also that were such information collected throughout 
the whole of Hindoostan, it vrould be found that, more than 
20.000 persons die annually from snake-bite. 
The result of his investigates in India has been, we think, 

to show that, so far, no agent or antidote, as that term is com- 

monly understood, has been found effective in neutralizing the 
action of snake-poison. "We think it is also pretty clearly 
demonstrated that death is caused in most cases, at all events 
where a full quantity of the virus has been injected, by its 
action on the nerve-centres, though whether on them alone, or 
also on the peripheral distribution of the nerves, or on the 
muscles themselves, or the exact extent to which each is affected, 
there may be some difficulty in determining. The futility of 
all the methods of treatment hitherto had recourse to is pro- 
bably explained by the mode of death: their inutility had long 

since been demonstrated by Fontana, who, ninety years ago, 
among other things, showed that the outward and inward use 
of ammonia, as well as its injection into the veins, was as 

powerless for good as were all other remedies. 
There is apparently some analogy between the nature of the 

action of the cobra-virus and that of curara, death in both 
cases being brought about by arrest of respiration through 
paralysis of the respiratory apparatus. 

In the case of the curara it has been demonstrated by experi- 
ment that this is due to paralysis of the peripheral distribution 
of the motor nerves; and it has been further shown that if 

respiration be continued artificially for a sufficient length of 
time, perfect recovery may take place, as we have ourselves 
observed, the poison being eliminated from the system, and not 

having, during its presence, so far compromised the integrity 
of the parts of the nervous system where it took effect asjto 
interfere with a resumption of their functions after its removal. 
Now it is evident that artificial respiration and the use of any 
remedies that may expedite elimination, with the application of 
artificial warmth to sustain temperature up to the normal 
standard, are the measures which may be regarded as antidotal 
in a rational sense to this form of poisoning; and such they 
have proved themselves to be; for if an animal apparently dead 
from curara-poisoning be kept warm and artificial respiration 
be kept tip for some hours, it will perfectly recover. 

It is in the application of similar principles that we maj hope 
to realize a similar result in cases of snake-poisoning; and it 
is with this object that the investigations by Dr. Lauder Brunton 
and Dr. Fayrer, since his return to England, of which the present 
paper is an instalment, have been pursued. 
Our investigations so far confirm the opinion by Dr. Fayrer 

already recorded, that death is due to the action of the poison 
on the nerve-centres, to which it is conveyed by the blood with 
terrible rapidity when the injection of the poison takes place 
into a large vein like the crural or jugular. But we have not 

yet arrived at absolute conclusions as to the extent to which 
this neurotic action is carried, whether it be localized in the 
nerve-centres only, or whether there be, and to what extent, any 
action on other portions of the nerve-apparatus. 
Our experiments so far, though pointing distinctly to the 

centres as the seat of its action, in some cases seem to imply 
that the nerve-periphery and perhaps even the muscles them- 
selves are involved ; but on this head, for the present we 
reserve the expression of a positivo opinion. 
With reference to remedial measures in cobra-poisoning, we 

would remark that, so far as our experiments have as yet gone, 
artificial respiration has certainly had the effect of prolonging 
life ; and without committing ourselves to any opinion, we 
would say that we would not yet abandon hope that it may, 
as in the case of the curara, even save it altogether. This 
must of course depend on, first, the nature of the action of the 
poison on the nerve-apparatus?that is, whether it be of a 
transient or permanent character. Is it, for example, like 

curara, which though it destroys the power of the peripheral 
extremity of the motor nerves during its presence, yet leaves 
them uninjured and capable of resuming their functions after 
the poison is removed (as it may be) by elimination, life being 
supported by artificial respiration during that process ? 

If so, and the cobra-poison, even though antagonistic and 
annihilative of the action of the nerve-centre3 and peripheral 
distribution or of the muscular irritability itself, be only so whilst 
it is, present, and would, if removed within reasonable time, 
leave the nervous apparatus or muscles in a coadition to resume 
their operations,, then, if elimination could be carried on whilst 

respiration is artificially sustained, we might hope to succeed 
eventually in cobra as in curara poisoning. 

Or could we, indeed, conceive of .and find any agent so subtle 
as to overtake and neutralize the virus whilst it is in the system, 
and before it should have compromised the nerve-centres or 

other pfirts, then we should hava the antidote which has been 

so long sought for, but yet, we fear, not found.* "We do not 

now wish to speak of the action of the cobra-virus as it operates 
secondarily on the blood, either in those cases where great 
vigour of the animal ot smallness of the dose have enabled the 
creature to resist the immediate and deadly neurotic effects of the 

* Fontana thought he had discovered such an agent in the 
" 

P^errf 
* 

cautere" (caustii potas). He says of it:?" Mais on peut point doute 
cependant do 1'efficacitiS de ce remdde, et on peut ailirmer que la pierr 
a cautore est le Trai specifique do ce terrible venin."?Sur les Poisons, 
p. 324 (Florence, 1781). io 

This agent has been tried in India, but has not proved of any service 

oobru-poisoning. 
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poison. Such eases are to be classed among other septicaemia), 
and are apart from that we are now discussing. 
The question resolves itself into three points of inquiry:? 
1st. Is the nature of the virus such that we may hope to 

find any agent that may overtake, neutralize, and so render it, 
(the virus) harmless or inert ?- 

2nd. Does the virus exert only a temporarily pernicious 
action on the ultimate structure of the nerve-centres or other 
parts of the nerve-apparatus ? i.e., is it only inhibitory or 
hurtful during its presence in the blood, but if removed would 
leave the nerve-apparatus in a condition to resume its functions 
(such is curara), or does it enter into some permanent compo- 
sition or union with the nerve-elements ? or, 3rd, does it so 

modify their arrangements as to render them permanently 
incapable of resuming their functions, even after the poison 
has been eliminated, if it may be so removed, as we know other 
poisons may ? Such, we fear, may be saakc-poison ! 

If the first proposition bo correct, then in some subtle chemi- 
cal agent, or, if the second, in artificial respiration and eliminant 
action we may have hope of success. 

If the third, what chance have we beyond that of sustaining 
life as long as artificial respiration be maintained ? for if the 

nerve-apparatus be permanently injured, no resumption of its 
functions can take place. Whichever of these propositions be 
nearest the truth, there must still be a condition in which, 
from the smallness of the quantity of virus inoculated, 
recovery is possible? one in which the full lethal effect of the 
virus is not produced. In such cases, no doubt, remedial 
measures may be of avail. 
The results of investigations in India have led to the con- 

clusion, then, that death is brought about by the action of the 
poison on the cerebro-spinal nerve-centres, paralyzing them, 
jmd in some cases, where the quantity of virus was large and 
introduced into the circulation through the medium of a large 
vpin, acting directly on the ganglia of the heart, causing arrest 

its action. In those cases where the quantity of virus ino- 
culated is smaller and of less intensity, according to the condition ?f the snake or its species (the poison of some genera being less 
active than that of others), secondary changes, though of what 
precise kind we are not yet prepared to say, occur in the blood 
itself, but allied in character to that of other blood-poisons and 
Probably of a zymotic nature. We would merely for the pre- 
sent remark that, in the first class of cases, we believe that 
remedies or means of treatment other than those which may be of a preventive character are as yet of no avail, whilst in the second it is probable that they may be of some efficacy, ko far We believe little more has* been done than to go over 
(-'round that has already been traversed by previous observers, 
who have come to similar conclusions that most of the reputed 
antidotes have been powerless, and that where there has been 
an appearance of success, it has depended not on any antidotal 
?r antagonistic action of the remedy so much as on the fact 
that the quantity or quality of the poison was defective; and how this may be explained, Dr. Fayrer has endeavoured to 
prove by showing that the snake may have been exhausted, that its poison may be deficient in quantity or quality, or that it 
J"ay have wounded without inoculating sufficient of the poison to cause death, or more than to cause slight poisoning, and 
Probably that, by a sphincteral arrangement of fibres, as pointed ?ut by Dr. Weir Mitchell to exist in the rattlesnake, the snake 
?may have the power of imbedding its fangs without shedding *ts poison at all. 
Much virtue has been recent.lv attributed to one of the oldest 

an<l most trusted of all antidotes?ammonia; but it was long 
aj?? shown by Fontana by repeated experiments that the injection ?' this agent into the veins, as well as its internal administration a"d external application, were powerless (as may be seen by 
reference to the following* pages of his works), so it has proved lri all the experiments made with it in India. Any complete 
"mi satisfactory- means of resisting, antagonizing, or eliminating the poison and" of saving life are, we fear, still unknown; and 
lt ls in the hope that by determining the physiological action of 
. poison we may make some advance in our knowledge of this 
important subject, that the following investigations have been 
Undertaken with cobra-virus sent to us from Bengal, and of 

pj'i'h we hope to receive continued supplies from Mr. Vincent 
?K'chards, of IJalasore, who, at our request, is also carrying on n series of experiments on the subject. 

Appearance and Chemical Characters of Cobra-poison. 
The poison when fresh is a transparent, almost colourless 

fluid, of a somewhat syrupy consistence, and not unlike glycerine 
in its appearance. When quickly dried it forms a transparent 
mass of a yellowish-brown colour, and resembling some kinds 
of gum-arabic. The poison may be kept in a fluid state for 
some months without undergoing any change, but after a certain 
time it decomposes. 
During decomposition it gives off a quantity of gas, which 

has been ascertained by Dr. Armstrong to be carbonic anhydride, 
and at the same time acquires a dark brown colour and a 

disagreeable odour. The dried poisort may be kept for a much 
longer time without undergoing any apparent change. 
The chemical constitution of the poison has been examined 

by Dr. Armstrong. He has not been able to separate from it 

any crystalline principle. It is partially coagulated by heat; 
mineral acids produce in it a gelatinous precipitate ; absolute 
alcohol throws down a white gelatinous precipitate; a drop of 
it evaporated with a little sulphate of copper solution and then 
treated with caustic potash gives a violent coloration. These 
reactions show that the chief constituent of the poison is an 
albuminoid body. On an ultimate analysis being made, very 
lirtle difference was found to exist between the fresh poison, 
the alcoholic precipitate, and the alcoholic extract. This is the 

only ultimate analysis of the poison of any snake which, has 

yet been made, so far as we know. We quote the results of it, 
and give the composition of albumen for comparison.* 

Crude poison. 

Carbon. 43 55 

Nitrogen, 43'30 
Hydrogen 
Sulphur 
Ash 

Alcoholic 

precipitate. 

45*76 
14-30 
6 60 
2 5 

traces. 

Alcoholic 
extract. 

43 04 
12 45 

7- 

Albumen. 

53o 
15 7 

7-1 

We have recently received from Bengal some cobra-poison 
dried and in appearance resembling dried gum. On this we 

hope to report on a future occasion. 

Although there is little difference between the composition of 
the alcoholic precipitate and extract, there is an immense differ- 
ence between their physiological actions, the extract being a 
virulent poison and the precipitate almost inert. It is to be 

observed that the poison examined by Dr. Armstrong had already 
begun to undergo decomposition; but if it should be found by 
further experiments that the properties of the extract and pre- 
cipitate from prefectly fresh cobra-poison are the same as those 
of the poison he used, it will form a notable distinction between 
the poison of the cobra and that of the rattlesnake. The 

precipitate thrown down by alcohol from the poison of the 

rattlesnake has been ascertained to be active, while the alco- 

holic extract is inert (vide Weir Mitchell, "Physiology and 
Toxicology of tbe "Venom of the Rattlesnake," Smithsonian 
Contributions, 1860, p. 36). 
We have experimented on four different samples of poison 

sent from Bengal. The first was originally a clear transparent 
fluid ; but after keeping it decomposed, and became almost black, 
as already described. It retained its fluidity and activity to 

the last. The third sample was of a light-brown colour, quite 
solid, and resembling dry hard cheese in its consistency. The 
second and fourth consisted of a clear, thin, transparent fluid 
and a white curdy precipitate. None of these specimens had 
the same activity as the first; they produced similar symptoms, 
but much less marked. 

Effects of the poison.?The local effects of the poison are 

partial paralysis of the bitten part, occasionally pain in it, 
ecchyinosis around the spot where the poison has been intro- 
duced, and sometimes in other and distant parts, and, if the 
animal survives for some hours, infiltration and perhaps incipient 
decomposition of the tissues and hcemorrhagic discharge. 

jin 
'^mitd sur le venin de la Viper?,' vol. i. pp 108,109, 118, '20, 124, 

iv n Vi?'- P1'- 5> c? 7 (Florence,) 1781). 'Opusculi Scientiflci,' Letter 
? PP- 125 et seq. 

* Dr. Armstrong in his analysis does not appear to have arrived at the 
same conclusions as the Prince of Canino (L. buonaparte), who detected 
the presence of a peculiar principle perhaps allied to ptyaline, to which 
he gave the name Echidnine or A'iperine, in addition to fatty matter, 
salts, albuminous and muoous substance. It has been suggested by Prof. 
Busk (vide Holme's 'System of Surgery,'vol. v., p. 9-11) that the venom 
may reside in a principle analogous to, though differing from, ptyaline. 
"We would not, however, regard I)r. Armstrong's analysis as conclusive, 
hut hope to have the result of further examination of larger quantities of 
the virus. 
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The general symptoms are depression, faintness, hurried res- 
piration and exhaustion, lethargy, nausea, and vomiting. In 

guineapigs and rabbits peculiar twitching movements occur, 
?which seem to represent vomiting in them, and occasionally, in 
fact, guineapigs do vomit. Dogs vomit, are salivated, and 

present an appearance as if the hair had all been rubbed the 

?wrong way, "staring." As the poisoning proceeds paralysis 
appears, sometimes affecting the hind legs first and seeming to 
creep up the body, and sometimes affecting the whole animal 
nearly at the same time. There is loss of co-ordinating power 
of the muscles of locomotion. 

Hemorrhage, relaxation of the sphincters, and involuntary 
evacuations, not unfrequently of a sanguineous or mueo- 

sanguineous character, often precede death, and it is generally 
accompanied by convulsions. 

In fowls the appearance is one of extreme drowsiness; the 
head falls forwards, rests on the beak, and gradually the bird, 
no longer able to support itself, rolls over on its side. There 
are frequent startings, as if of sudden awaking from the drowsy 
state.* 
The effects of the poison upon dogs, guineapigs, and rabbits 

are illustrated by the following experiments. 
The poison which was first sent home and still remained 

perfectly liquid, but had become of a dark brown, almost black 
colour, and somewhat inspissated, was used. 

(To be continued.) 

, 
In cases where the quantity of poison injected is large, and it is at 

the same time very active, the bitten animal small and weak, or if inocu- 
lation has taken place into a large vein, death is almost sudden, as if it 
ere trom shock. In such case3 the cardiac ganglia are also probably 

paralyzed ; at all events the heart suddenly ceases to beat. 


