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SYNOPSIS

Potency determinations in mice of venom samples from snakes
of the species Bothropsjararaca, which had been caught in an area of
less than 10 000 kM2n, gave the following principal results:

(1) Various methods of drying-i.e., closed and continuous
vacuum-drying at 5° and 37°C and freeze-drying (lyophilization)-
had no different effect on the potency of venoms.

(2) Venom samples which display no differences in the final
results of intravenous assay may be distinguishable if the observation
time is limited to one or two hours.

(3) Venom samples obtained from snakes caught no more than
about 50 km apart may be of different potencies.

(4) Different titres may be obtained for an antivenin, if different
samples of venom from the same snake species are employed as
reference preparations in the assay.

From physiological experiments on dogs and rabbits, in conjunc-
tion with observations made in tests on mice, it is evident that
B. jararaca venom causes death in circulatory collapse through a
mechanism which is as yet unknown. Two physiologically (and
probably immunologically) distinct hypotensory factors seem to be
present in this venom.

The conclusions drawn from the investigation is that consistent
and reproducible reference preparations of snake venoms for anti-
venin assay can probably be obtained only from snakes that are bred
and kept in captivity under constant environmental conditions.

It is common knowledge that the comparability and reproducibility of
potency determinations of antitoxins relative to the corresponding standard
preparations greatly depend on consistency and constancy in the toxic
properties and antibody-binding capacity of the reference antigens employed

4 The experiments on which this report is based were carried out by the author in the Department of
Pharmacology, Instituto Butantan, Sao Paulo, Brazil, under Government of the State of Sao Paulo (Public
Health) Contracts reg. no. TC 47-53 and TC 65-55. The excellent and never-tiring technical assistance of
Mr A. M. de Freitas, jr is gratefully acknowledged.

** Affiliate of Sterling Drug, Inc., New York 18, N. Y.

f Caixa Postal 1363.
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in the assays. By analogy, the same holds true for the standardization of
antivenomous therapeutic sera. The imperfections at present prevailing
in this latter field have been described at length in previous reports (Schott-
ler, 1952a, 1954b). With the ultimate intention ofpromoting an international
agreement on this hitherto neglected subject, the WHO Expert Committee
on Biological Standardization (1956) has recommended that, as a first step
towards this goal, the Instituto Butantan perform an investigation on the
possibility of supplying stable, consistent and reproducible batches of
venom from the South American snake species Bothrops jararaca (Wied)
for possible future adoption as a reference preparation in the titration of
antibothropic sera. The results so far obtained in this research are reported
in the present paper.

Supply of Snakes

Following the recommendations of the above-mentioned Expert Com-
mittee, only those specimens of B. jararaca which had been collected in the
vicinity of the cities of P6rto Uniao and Uniao da Vitoria (Fig. 1) were

FIG. 1. LOCALITIES IN THE STATES OF PARANA AND SANTA CATARINA, BRAZIL,
WHERE BOTHROPS JARARACA SPECIMENS WERE CAPTURED

used for venom extraction. The reasons for selecting this particular region
were (a) that in view of its relatively small area no major differences were
assumed to occur in the toxic and immunological properties of venom from
its snake population, and (b) that it supplies by far the largest number of
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B. jararaca specimens regularly received by the Institute from any narrowly-
defined locality. Thus it was presumed that the continuous supply of snakes
from this specific area would make available sufficient quantities of material
to meet domestic and international demands for a possible reference prepara-
tion, and that the essential properties of successive batches of pooled venom
from different specimens would probably be identical.

The snakes were catalogued individually according to their provenance,
which, in the absence of any precise information, was assumed as being
identical to the address of the respective supplier. This system is open to
criticism in that the mailing address of a farmer, which profession may
safely be attributed to most, if not all, of the suppliers, need not neces-
sarily coincide with the geographical situation of his holding. Further,
only one out of 23 suppliers bears a Latin name; the others are of German
or Polish descent. From this it may be inferred that the area under con-
sideration was originally settled by non-Latin immigrants, who naturally
clung together in their new and foreign environment. It seems almost
certain, therefore, that friendship and family bonds, which stretch across
the entire region, link at least some of the suppliers. This means that there
is a strong possibility, in a rural district of this kind, where transport facili-
ties are deficient, that a visitor from a distant locality may carry off
snakes which have been caught on the premises of a friend or relative, just
because he lives nearer to a railway station or gets there earlier. He may
dispatch the snakes under his own name and put specimens from various
localities in the same box, thus inadvertently confusing the records of the
Institute. It would be of no avail to offer a bonus for the exact identi-
fication of the spot where each individual animal were captured, because
the rural snake suppliers would not tolerate such a complication unless the
reward were substantial. If it were, a new type of business would merely be
set up, involving the commercial importation of snakes from regions other
than the specified one, in order to boost profits. Thus the situation would
become even worse than before. All this would not matter if there were
no significant variations in the venoms of snakes coming from different
localities, but unfortunately such variations do, in fact, occur, as will be
shown below.

Venom Extraction

Venom was extracted from the snakes by electrical stimulation. The
animal is gently seized behind its head, and the fangs are placed over the
rim of a 15-ml conical graduate. A pair of blunt electrodes, such as is used
in physiological work, is then held against the roof of the animal's mouth,
approximately beneath a venom gland, and a current of 3 volts 1 is applied
for a fraction of a second. The stimulus is repeated a few times on each

The application of an induction current to the outside of the head might be even more practicable.
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side. In this way the venom glands are readily emptied without the exertion
of unphysiological pressure, as might easily be the case if the glands were
squeezed by mechanical means. The electrical method is not much resented
by the snakes, as evidenced by the fact that quite a number of them volun-
tarily fed several minutes after venom extraction. The liquid venoms freshly
obtained from snakes from the same as well as from different localities
were pooled. In general, the venom of these snakes was yellow, but speci-
mens with colourless venom were occasionally encountered.

Preparation of Venom

The liquid venom was separated from insoluble granular material, which
does not contain nitrogen, and from corpuscular elements, such as blood
cells and bacteria, by centrifugation at approximately 3000 r.p.m. for half
an hour. The sediment represented about 1 % ofthe dry substance obtainable
from liquid venom. It is very noteworthy that the supernatant was by no
means homogeneous, since Schlieren were formed on the slightest stirring.
The cause and nature of this physical heterogeneity are unknown. A pos-
sible explanation is that the two glands connected with each set of fangs in
this species-described as "glande d venin " and " renflement" by Phisalix
(1922)-discharge different and not easily miscible secretions, but the ob-
served phenomenon has still to be investigated. Furthermore, in agreement
with an observation reported by Taborda & Taborda (1941), the supernatant
in a number of batches was sharply separated by centrifugation into two
distinct layers, of which the upper was yellow and the lower was colourless.
This latter, when drawn up in a syringe and exposed to air, immediately
turned yellow again.

After centrifugation, the venoms were dried by the following methods:
1. The venom, on a watchglass, was placed in a desiccator over CaCl2.

The desiccator was connected with a vacuum of about 100 mm Hg for a
couple of minutes, then disconnected and kept overnight at 5°C.

2. The same procedure as in method 1, but the venom was held at 37°C.
3. The same procedure as in method 1, but a Petri dish containing a freshly

mixed solution of KOH and pyrogallic acid was placed in the desiccator
together with the venom, in order to absorb oxygen. The venom remained
yellow.

4. A continuous vacuum of 0.0001 mm Hg (according to the claims of
the pump manufacturer) was applied to the desiccator for several hours.
The desiccator was disconnected and kept overnight. The whole operation
was carried out at approximately 15°C.

5. After the liquid venom had been congealed by immersing its con-
tainer in a mixture of acetone and dry-ice, it was stored for 20 days at
-26°C, and then dried in a Stokes apparatus at a vacuum of 0.1 mm Hg.
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After drying, the venom samples were stored in the dark, at 50C, in
small rubber-capped test tubes. The composition and treatment of the
batches so far assayed are listed in Table 1.

TABLE 1. VENOMS USED IN THE EXPERIMENTS

2 13.1.56 0 P6rto Uniao (2) A: 1
Cruz Machado (6) B 2

6 8.2.56 0 P6rto Vit6ria (13) 1

7 16.2.56 0 MaratM (11) 1

8 22.2.56 0 Cruz Machado (17) 1

9 24.2.56 0 Porto Uniao (2) 1

P6rto Vitoria (2)

MaratA (5)
10 27.2.56 0 Santa Cruz (5) 1

Chiqueirao/Lan;a (9)
11 7.3.56 0 Santa Cruz (12) 1

P6rto Uniao (4)

12 1 3561MaratA (8) A12133.356 1 Cruz Machado (7) 1 **

Uniao da Vitdria (4)

13 19.3.56 0 Cruz Machado (9) 1

Santa Cruz (2)
14 16.4.56 0 Marat6 (7) 3

15 23.4.56 3 Santa Cruz (8) 1

16 91 3 P6rto Vitoria (3) 1

17 It 0 Cruz Machado (6) 1

20 1.8.56 661t Cruz Machado (9) A 4
(16-161) B 5

21 486t Santa Cruz (8) l 4f
(1 5-1 46)

* See numbering in text.
** A: yellow layer

B: colourless layer
t Average (range)
tt A: from the liquid state.

B: from the frozen state.

Antivenin

The antivenin employed in some of the experiments was the lyophilized
antibothropic serum B-1 14, which has been described in the reports of
former investigations (Schbttler, 1951, 1952a, 1952b, 1955a).

Extraction
Batch _ Origin and number Method of
number

date days after of specimens drying *
arrival
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Methods of Assay

Venom solutions, in physiological saline, were always freshly prepared
from the dry stocks for assay on the same day. The possibility that differ-
ences existed in the degree of desiccation or that moisture had been reab-
sorbed was checked by nitrogen determination, whenever different samples
were to be compared. Toxicity was assayed by intravenous or subcutaneous
injection in Swiss mice of the mixed strains bred in the Institute. Only
male mice, the majority of which weighed between 18 g and 22 g, were used,
and during the experiments the animals were kept solitary, with food and
water ad libitum. From experiment No. 40 onwards, the temperature in
the animal-room never varied beyond the range of 20°-25°C, but in earlier
experiments it had sometimes dropped considerably.

Toxicity determinations were performed as five- or six-point assays,
using 10 or-rarely-20 animals per dose. Doses are indicated as mg of dry
substance per kg of body-weight. When antivenin was assayed, it was left
in contact with the venom solution for one hour, on the average, prior to
injection. The volume of injection was 20.0 ml/kg. The distribution of the
animals in relation to their weight was the same for all lots inoculated on
any one day. The sequence of injection was alternated in order to reduce
the possible influence of time factors; for example, doses were administered
as follows: venom A dose No. 1, venom B dose No. 1, venom C dose
No. 1, C No. 2, B No. 2, A No. 2, A No. 3, etc. Observation time was
extended till death or complete systemic recovery.

Analysis of Results

Results were statistically analysed after the probit method, no account
being taken of natural mortality in view of the preliminary character of
the experiments. In the few instances where only one intermediate value
separated 0% from 100% mortalities, the analytical method included a
modification similar to that described in a former paper (Schottler, 1955a).
In the present study, where 10 animals per dose were used and where expected
mortalities between 0% and 5 % (95% and 100 %) would theoretically result
in a response of 0 (100) %, the last 0% or the first 100% value was changed
to the mean of the indicated range, viz., 2.5% or 97.5 %, respectively, to
make the probit method applicable.'

In the analysis of all but five of the assays, the values of the X2-test for
linearity were below the limits for a probability level of 0.05. However, the
distribution of individual X2 was not normal, as was evident from the over-

5 This device was discussed at the International Biometric Symposium (held in Campinas, Sao Paulo,
from 4 to 9 July 1955). Dr D. J. Finney and Dr J. 0. Irwin agreed with the present author as to the feasibility
of the procedure.
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all value of X2 - 241. According to Finney (1952), the fiducial limits
(178)

for individual results obtained from heterogeneous data should be corrected
by the introduction of a heterogeneity factor into their computation and
by the replacement of t by its deviate. W. L. Stevens (personal communi-
cation, 1956) suggested that individual heterogeneous data should be treated
as homogeneous if the over-all X2 value is below the limit, but that a com-
mon heterogeneity factor should be applied to all the results of the entire
series of experiments, including those where the individual X2 is extremely
low, if the total x2 is significant. The present author is of the opinion that a
heterogeneity factor as established by the method of Finney (1952) is a
rather artificial device, which may often result in an over-estimation of the
true range of fiducial limits. M. R. Sampford (personal communication,
1953) concurs with this view.

The tables accompanying this paper list the fiducial limits obtained by
normal analysis as well as those computed by the inclusion of a common
heterogeneity factor based on the over-all X2 value, so that anyone may
decide for himself which figures to use in interpreting the findings of this
investigation.

Physiological Experiments

The physiological reactions induced by the injection of venom and
venom+antivenin mixtures were investigated in dogs and rabbits by
methods and techniques identical to those described in another paper
(Schottler, 1957). The B. jararaca venom No. V used in these experiments
was a pooled sample obtained from many specimens kept in the Institute's
snake park.

Results

It is to be understood that the statements made in the following para-
graphs are solely based on the analyses of the present investigation. Thus
they may be considered valid only within the sometimes rather wide limits
of error of these assays. This means that in cases where differences between
comparable results were not significant in the experiments of this study,
further and more thorough research might lead to the detection of more
details than are reported here. Furthermore, in view of previously observed
difficulties in reproducing numerical results on repetition of a given assay
under local conditions (Schottler, 1954b, 1955a), differences in the
potency of venoms were only considered as existent if ascertained in simul-
taneous tests.

(1) There was no difference between the results obtained by injecting
venom doses exactly corresponding to the individual body-weight of each
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mouse (experiment No. 3) and those produced by inoculating the animals
with a common dose corresponding to the average weight of the specimens
in the lot (experiment No. 4). Except for this latter experiment, however,
only the former method was applied throughout the investigation.

(2) Within the range of 18-22 g, the individual body-weight of the
mice had no influence upon the animals' response to venom, as was evident
from the agreement between observed and expected mortalities according

to the distribution of weights on both intravenous (x(5) = 5.9) and sub-

cutaneous (X5)- 5.1) administration.

(3) Two lots of animals injected on the same day with the same venom
solutions gave identical results (experiments No. 5-10).

(4) Drying of the same batch of liquid venom, divided in two parts, at
different temperatures (50 and 37°C) did not appreciably influence toxicity
(experiments No. 1 and 2).

(5) Freeze-drying (lyophilization) had no observable advantage over
simpler methods for the preservation of toxic activities in venoms (experi-
ments No. 44, 45, 47, 48, 55, 56, 62 and 63).

(6) The upper yellow and lower colourless layers of liquid venom some-
times encountered after centrifugation (see above), isolated and dried
separately, had the same toxicity (experiments No. 11-14).

(7) The method of storage has so far caused no perceptible deterioration
of venom in close on 200 days (experiments No. 7/8, 9/10, 18, 23, and 21,
26, 57, 60).

(8a) No significant differences in the toxicity of venoms were detected
in the final results of the intravenous assays (Table 2). However, it should
be mentioned that the calculation of the potency of batch No. 13 in relation
to that of No. 11 (experiments No. 16 and 17) gave 1.1 1, with fiducial limits
from 1.09 to 1.19, if analysed without the use of the heterogeneity factor.

The respective tests for linearity of the individual assays yielded X2 3.27
(3)

and X2)= 0.52. In the determination of relative potency with a common

slope, the following x2 values were obtained:
Degrees of freedom Sum of squares

Parallelism of regression 1 3.02
Residual heterogeneity 5 4.48

It must further be stated that in experiments No. 32-39 the animals
showed extremely irregular responses, and it was suspected that lethal
factors other than venom concurred in the assays. Such irregularities were
assumed to be due to the very low temperatures of the animal-room during
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these experiments, since laboratory mice are highly susceptible to cold,
especially when kept solitary. Furthermore, the number of animals suffering
and occasionally dying from bowel disorders seemed to be even larger than
usual, a phenomenon which may also be attributed to untoward weather
effects. In consequence, a temperature-controlling device was obtained and,
after its installation, a check of the natural mortality of mice injected with
saline gave 0/50 (experiment No. 40).

(8b) Though the final results obtained by intravenous assay indicate no
differences in the toxicity of the venom batches investigated here, it is
extremely noteworthy that the outcome was quite different if the mortality
rate was determined one or two hours after venom inoculation. This
survey was made as a X2-test against the null hypothesis, taking into
consideration, when necessary, Yates' correction for continuity. The follow-
ing results were obtained for relative potency:

Experiments No. 32-35: combination of batches No. 6 and 8 more
potent than that of No. 7 and 15 (P<O.0001);

Experiments No. 36-39: 16 more potent than 17 (P<O.0001) or 14+15
(P<0.0001); 17 more potent than 14+15
(P<0.003); and 16+17 more potent than
14+15 (P<0.0001);

Experiments No. 41 and 43: 6 more potent than 15 (P=0.001).

These findings indicate that, with rapidity of lethal action as a criterion,
venom batches 6 and 16 from Porto Vitoria are considerably stronger than
batches 7 and 14 from Marata, while batch 14 from Santa Cruz and batches
8 and 17 from Cruz Machado hold an intermediate position.

(9) Contrary to the situation in the intravenous assays, several significant
differences in the strength of various venom batches were revealed by the
subcutaneous test method (Table 3). Here, batch No. 7 was more potent
than No. 6 or 8, which were also inferior in strength to No. 15; batch 10 was
more toxic than either 8 or 9 or 13, the last-named batch also being weaker
than No. 11; No. 15 was superior to 16 and 17, and perhaps even to No. 7,
though this may be considered as doubtful. Provided that the snakes were
really caught in the localities from which they were classified as coming,
the results of the subcutaneous assays suggest that the venoms of animals
from Santa Cruz and Marata are more potent than those of specimens from
Cruz Machado and Porto Vitoria. It is further probable that venom from
Chiqueirdo/Langa belongs to the stronger type, because Santa Cruz venom
is significantly more toxic in combination with Chiqueirao/Langa venom
than with that from Cruz Machado.

(10) There were no significant differences in the regression coefficients
of the mortality curves pertaining to the various venom samples. In certain

350
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cases, this coefficient may be a characteristic of a venom and thus serve to
distinguish different venoms from one another (Schottler, 1954a). Though
not significant-perhaps merely because of the extremely wide fiducial
bands obtained in the present experiments-the variation of b itselfwas so
large as to make determinations of relative potency by means of a common
slope impossible in almost all of the interesting cases, since the dose-
response relationships were then no longer linear, as evidenced by the
significance of the corresponding X2-tests.

(11) The influence of the provenance of the test venoms in antivenin
assay 1 is obvious from the results of experiments No. 66 and 67 (Table 4),
which are significantly different. Such differences seem to become more
easily detectable if low potency antivenins are titrated, probably because
the test venoms contain toxic factors which are not neutralized by antivenin.
In the larger amounts of reference venom required for the assay of high
potency sera, these factors exert their own toxic influences on the test
animals, thus invalidating the assay (Schottler, 1952a).

(12) The physiological experiments revealed that intravenous infusion
of B. jararaca venom provokes circulatory collapse in dogs (Fig. 2) as well
as in rabbits (Fig. 3a), which, depending on dose, rate of administration and
individual susceptibility, sooner or later ends fatally-either immediately
or after temporary recovery (Fig. 3b). Subcutaneous injection of massive
doses of venom in dogs (Fig. 4a) never produced immediate hypotensive
reactions as severe as those which follow intravenous inoculation. Death
only ensues after hours of apparent physiological well-being. Temporary
partial recovery was observed on one occasion after an extremely high dose
had been administered (Fig. 4b).

The physiological disorders in dogs injected intravenously with venom+
antivenin mixtures are governed by the degree of neutralization. Slight
(Fig. 5a) to severe (Fig. 5b) hypotension may result in ultimate recovery as
well as in death (Fig. 5c).

In none of these experiments was respiration directly affected by the
venom 2

I This subject could not be investigated as thoroughly as had originally been planned, since the experi-
ments had to be discontinued owing to factors beyond the author's control.

2 Since it is very uncertain when the present author may have an opportunity-if ever-to pursue his
research on venoms, he wishes to report briefly on some results so far obtained with venoms of other snake
species in similar experiments, in the hope that workers in this field may benefit from the information. Venoms
from the following snake species caused the same basic physiological disorders as B. Jararaca venom:
B. alternata, atrox, cotiara, itapetiningae (a colourless venom), jararacussu, neuwiedUi, Crotalus terrificus,
Vipera berus and V. bosniensis (Schottler, 1954a). This was particularly noteworthy in the cases of C. terrificus
and V. bosniensis venoms, which in contrast to venoms from the other species listed do not provoke local
haemorrhage and subsequent necrosis on subcutaneous injection in mice, but do cause symptoms of paralysis
in mice and human beings. In dogs, none of these venoms affected the respiration until death in circulatory
collapse. In the same animal, the venom of Naja haje did not influence the blood-pressure on intravenous
infusion, but provoked gradual respiratory insufficiency, which, starting sometimes as long as hours after
administration of the venom, ended in complete cessation of respiratory movements; the blood-pressure rose
concomitantly to enormous heights; and death was apparently due to asphyxia. Artificial respiration, if
commenced early, prolonged life-for how long, however, could not be ascertained under local working
conditions. On the other hand, the venom of Micrurusfrontalls proved to be a respiratory stimulant far more
potent than lobeline; it exerts this effect in doses even smaller than cyanide. The venom also probably acts via
the carotid body, though this could not be definitely established.
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W. H. A. SCHOTTLER

FIG. 2. INTRAVENOUS INFUSION OF VENOM IN THE FEMORAL VEIN OF TWO DOGS

Upper tracing: respiration
Lower tracing: carotid blood-pressure In mm Hg
Time scale In minutes, if not otherwise indicated

Discussion

The results of the present investigation show without the least doubt
that the toxic potency of venom samples from snakes of the same species
collected in different localities may vary significantly. The existence of this
phenomenon had been claimed before in the case of snakes collected in
larger (Vellard, 1937) as well as in rather restricted (Schottler, 1944) areas,
but had not been substantiated by the evidence of simultaneous assays; nor
had the significance of numerical results been confirmed by the establishment
of fiducial limits through statistical analysis.

It is further evident that regional differences in the toxicity of venoms to
be used as references in antivenin assay may significantly influence the
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FIG. 3. INTRAVENOUS INFUSION OF VENOM IN THE FEMORAL VEIN OF A RABBIT
AND A DOG

Upper tracing: respiration
Lower tracing: carotid blood-pressure in mm Hg
Time scale in minutes, if not otherwise indicated

results of serum titration. But this statement is not new either, since Schloss-
berger, Bieling & Demnitz (1936) and Schottler (1942) reported that different
titres had been obtained in the assay of the same sera with different venom
samples from the same snake species. Until now, however, the significance
of those findings also lacked confirmation according to modem concepts
of biometry.

It has been stated above that only rather gross differences between
samples were detectable, in view ofthe large margin of error in the determina-
tions. The width of the fiducial limits as a percentage of the mean lethal
dose was on the average 40 in the intravenous and 61 in the subcutaneous
assays of toxicity, if merely the straight analysis is taken into consideration.
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FIG. 4. SUBCUTANEOUS INJECTION OF VENOM IN THE THIGHS OF TWO DOGS

Upper tracing: respiration
Lower tracing: carotid blood-pressure in mm Hg
Time scale in hours
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FIG. 5. INTRAVENOUS INFUSION OF VENOM + ANTIVENIN MIXTURE
IN THREE DOGS

Upper tracing: respiration
Lower tracing: carotid blood-pressure in mm Hg
Time scale in minutes, if not otherwise indicated

By inclusion of the heterogeneity factor these limits are spaced still farther
apart. This means that the potency of one sample had to be superior to that
of another by at least 50% or 80 %, respectively, before a difference would
ordinarily become apparent in this study. The situation was very similar
in the titration of antivenin.
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If, therefore, the foregoing experiments have not revealed significant
differences among venom samples from snakes that are supposed to have
been captured in the same locality, this does not imply that there are no
such differences. As a matter of fact, it is not even known if the venoms
of litter-mates are identical in their properties or if an individual snake
will produce exactly the same venom under all conditions. Some attempts
have been made to clarify these points, but so far no conclusive results
have been reported. However, before these questions are satisfactorily
answered it would appear somewhat premature to establish reference
preparations of pooled venoms which cannot be reproduced once the
original stock is exhausted. Very probably, unvarying reference prepara-
tions of venom may only be obtainable, if at all, from suitable snakes kept
and bred in captivity under constant environmental and nutritional condi-
tions-a situation which would be similar to that of bacterial toxins, with
which snake venoms have much in common. The further procedures which
might lead to a solution of the problem of antivenin standardization have
been outlined in a previous communication (Amaral & Schottler, 1956).

In a former paper (Schottler, 1955b), some evidence has been presented
which shows that among venoms from various species of Bothrops, those
which are more potent on intravenous injection are less so when administered
subcutaneously, and vice versa. Observations pointing to similar behaviour
in different samples from the same species were made in the present investiga-
tion. Thus, batch No. 13 is very probably more toxic than batch No. 11 in
intravenous assay, but is definitely less potent than the latter on subcutaneous
inoculation. This reverse of potency seems to be more accentuated if the
observation time in the intravenous assay is limited to one or two hours.
These findings lend further support to the previously expressed opinion
(Schottler, 1955b) that the main toxic factors for lethal envenomization
by either the intravenous or the subcutaneous route are different. Under
this assumption, it would only be logical to postulate that the higher the
amount of intravenously active material in a given weight of venom, the
less will be the amount of subcutaneous toxin present, and vice versa.
Significant differences in the respective proportions of these two factors
in several venom samples would perfectly account for the reverse of potency
in the two methods of assay.

The argument presented in the foregoing paragraph is also supported
by the observations made in the physiological experiments. In confirmation
of what has already been reported for mice (Schottler, 1955b), B. jararaca
venom produces, on intravenous injection in dogs, the classical features
of traumatic shock with both the typical phases of primary transient and
secondary fatal collapse. This syndrome is also produced by venoms from
several other, zoologically distant, species, although, as mentioned earlier, not
by all venoms. It would be hard to believe that the mechanism of primary
and secondary hypotension should be triggered off by one and the same
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venom factor. But it is very tempting to assume that the substance activating
secondary circulatory collapse in intravenous poisoning is identical to the
depressor in subcutaneous envenomization, whereas the factor which
intravenously provokes an instantaneous fall of blood-pressure is of minor
or even no importance at all on subcutaneous venom inoculation. Antivenin
neutralization of this latter factor seems to be more difficult than that of
the former. A clue to the accurate explanation of the observed phenomena
will possibly be provided by a closer investigation of the physiological
activities of hypotensory venoms with a subcutaneous/intravenous index
approaching unity (Schottler, 1955b).

It is noteworthy that in spite of so many studies on the simple toxicity
of venoms and its neutralization by antivenins, amazingly few attempts
have been made to find out the mechanism by which snake and other
animal venoms cause death. In the present author's opinion, it is the
investigation of this mechanism which should in fact be the starting-point of
any venom research, because only the knowledge of how such substances
attack a living organism physiologically will provide us with the clues to
the most effective treatment. Unfortunately, however, the establishment
of the fact, half a century ago, that laboratory animals can be protected
by specific antibodies against the fatal consequences of envenomization
-at least to a certain degree-suggested a parallelism between bacterial
and animal toxins and led to the idea that serum therapy, which is so
successful and reliable in diphtheria and tetanus, would also be the strongest
weapon against death by snakebite. A logical consequence of this trend
of thought was the relative neglect of basic venom research and the concen-
tration on investigations of immunological relationships between venoms
and on efforts to improve technically the efficacy of antivenins. Nowadays,
modern-minded antivenin manufacturers use the same up-to-date methods
of serum purification and concentration that have proved to be so successful
in the preparation of bacterial antitoxins, but the therapeutic effectiveness
thus achieved cannot bear comparison with that of diphtheria or tetanus
antisera as regards the number of lethal doses of active material neutralized
by equal amounts of antibody-bearing protein. It seems that the technical
limits of antivenin treatment of snakebite have been closely approached,
and that these limits are rather dissatisfying from a therapeutic viewpoint,
especially in cases of poisoning by the most deadly reptiles, such as the cobra
(Schottler, 1943) and the tropical rattlesnake (Schottler, 1952b).

These considerations make it still more imperative to intensify the search
for the physiological mechanism by which venoms cause the pathological
disorders in a poisoned organism which so often result in its death. Only
after discovery of this mechanism will it be possible to develop the most
efficient methods of treatment, which may perhaps be massive infusions of
liquids of adequate oncotic pressure in the case of hypotensory venoms,
or the use of iron lungs in cobra poisonings-although highly concentrated,
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specific antivenins will probably always retain their value as an auxiliary
measure to bind venom molecules which have not yet become fixed to their
receptors. This means that the biological standardization of antivenins on
an international scale is still as important as before and that every effort
should be made to find a universally satisfactory and workable solution.

RItSUME'
L'auteur a etudi6 les conditions de preparation d'un melange de venins de Bothrops

jararaca, stable et renouvelable, en vue d'6tablir les principes d'une eventuelle standar-
disation biologique des serums antivenins. Des essais d'activit6 sur la souris de venins
de Bothrops, captures dans une zone de quelque 10 000 kM2, ont conduit aux conclusions
suivantes:

La toxicit6 des venins de serpents de la meme espece, captures en differents endroits,
peut varier notablement. Cette etude l'a prouv6 par des essais simultan6s et l'analyse
statistique des resultats. Cependant, en raison de la grande marge d'erreur dans les
determinations, seules de tres grandes differences de toxicite sont decelables (de l'ordre
de 50-80%). Aussi, lorsque les tests n'indiquent pas de diff6rence entre des lots de venins
ou de serums, on ne peut conclure que les venins ou les serums sont semblables. On ne
sait pas si les venins de serpents d'une meme ( portee # ont la meme activite, ni si un
serpent produit un venin de meme toxicite tout au long de sa vie. I1 est possible que l'on
puisse obtenir des preparations de reference stables a partir de serpents eleves en captivite,
dans des conditions controlees, selon le principe adopte pour les toxines bacteriennes.
Mais il parait actuellement premature d'esp6rer etablir des preparations de r6ference
sous forme de melanges de venins, renouvelables lorsqu'ils sont epuises.

L'auteur a confirme ses observations ant6rieures, selon lesquelles les venins de
Bothrops qui sont le plus actifs par voie intraveineuse le sont le moins par voie sous-cutanee.
I1 semble que les principaux facteurs toxiques ne soient pas les memes dans l'un et l'autre
cas. Ainsi, plus la proportion de toxine active par voie intraveineuse sera forte, dans un
poids donne de venin, plus sera faible la quantit6 active par voie sous-cutanee, et vice versa.

Il est etonnant que, malgre tant d'etudes sur la toxicite des venins et leur neutralisation
par les antivenins, on connaisse tres mal le mecanisme de l'action des venins animaux,
ceux des serpents en particulier. Pourtant, ces recherches devraient etre le point de depart
de toute etude sur les moyens de combattre les effets des venins. On a fonde la sero-
therapie antivenins sur les principes adoptes pour neutraliser les toxines diphterique
et tetanique. Mais le pouvoir neutralisant des serums antidiphterique et antitetanique
est considerablement plus elev6 que celui des serums antivenins qui, du point de vue
therapeutique ne sont guere satisfaisants, surtout s'il s'agit d'intoxication par des venins
de cobra ou de serpents a sonnettes tropicaux. D'autres procedes seront peut-etre mis
au point, tels que l'injection intraveineuse lente de substances destinees a compenser
l'hypotension provoquee par certains venins, le poumon d'acier dans le cas de venins
de cobra, etc. La serotherapie gardera cependant une valeur comme m6thode auxiliaire,
pour neutraliser les molecules de venin non encore fix6es sur les recepteurs, et a ce titre,
la standardisation de ces serums demande A etre etudiee sur le plan international.
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