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The methods of antivenin titration employed at present by the various
institutions concerned with this matter differ widely from each other.
No international agreement on this subject has as yet been established,
nor have any serious attempts in that direction been made. In fact, it
is rather doubtful whether the same titration method will be suitable for
all sera prepared against types of snake venom which are antigenically
and pharmacologically as different as diphtheria and tetanus toxins.
A standardization method for antivenin must meet the following

demands:
(a) It must assay the relative antibody content in antivenin prepara-

tions of various potencies.
(b) It must be reproducible.
(c) It must have a definite bearing on the inactivation of venom by

antivenin in the living organism.
(d) It must require only reagents which are available in quantities

sufficient for large-scale experiments.
(e) It should be economic.
With these points in mind, the several thousand single experiments

on which this paper is based were performed in order to throw some light
on the reactions between venom and antivenin under various conditions.

Material

The two venoms examined in the present study belong to distinct
types : Bothrops jararaca, which induces very severe local damage, such
as haemorrhage, gangrene, and subsequent necrosis, sometimes resulting
in the loss of the afflicted limb and death by circulatory collapse; and the
typical white venom of Crotalus terrificus terrificus, the tropical rattle-
snake, which provokes death by respiratory failure due to peripheral nervous
paralysis without significant local and circulatory symptoms. The same
uniformly lyophilized sample of each venom (L-2 and L-4) was used through-
out the experiments, with the exception of the comparative pigeon/mouse

* A study carried out under Government of the State of Sao Paulo (Public Health) Contracts.
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test with B. jararaca venom, where a crude standard preparation of the
institute was employed. The complex structure of the venoms is illustrated
by electrophoretic tracings (fig. 1). These patterns indicate at least

FIG. 1. ELECTROPHORETIC PATTERNS (RISING BOUNDARIES) OF VENOMS

A B

A. Bothropsjararaca (Electrophoresis no. 138/4-4-1949)
B. CrQtalus terrificus (Electrophoresis no. 187/23-8-1949)
2% solutions, pH 5.5, citric acid buffer, ionic strength 0.1, 120 volts

11 physico-chemically discernible fractions in the Bothrops venom and
3 components with different electrophoretic mobility in the Crotalus
venom.a It is, however, by no means claimed that electrophoretic diversity
must necessarily correspond to equally different antigenic and toxic pro-
perties of the single fractions, or that each component is in itself anti-
genically and toxicologically homogeneous. The example serves only to
demonstrate that venoms are not properly definable substances but rather
very complex mixtures, the composition of which is probably subject
to variation within the same species or even in an individual animal.
Actually, it has been shown by many authors that pharmacologically
distinct fractions can be isolated from a venom and that their individual
neutralization by an antiserum prepared with the whole venom is rather
discordant. As frequent air-pressure changes may cause venom toxicity
to deteriorate,32 small quantities of the samples were exposed to vacuum
desiccation once only for accurate weighing. Repeated control tests
ascertained that the venom did not undergo noticeable alterations in toxic
potency in the course of the experiments described in this paper.

The corresponding horse antivenins were preservative-free, lyophilized
samples of the polyvalent antibotliropic serum B-1 14 (obtained by immuniza-
tion with venoms of B. alternata, B. atrox, B. cotiara, B. jararaca, B. jara-
racussu, and B. neuwiedii) and the monovalent anticrotalic serum C-100
of the Instituto Butantan. These antivenins, pepsin-treated by a modifica-
tion 18 of the Pope 25, 26 process, are electrophoretically very pure (fig. 2).
The antibody-containing gamma-globulin fraction modified by the enzy-
matic digestion of the purification procedure covers 95 % of the total

a Since this was written, 7 components were electrophoretically distinguished in the venom of C. terrificus
terrificus by Hoxter & Mungioli (personal communication).
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FIG. 2. ELECTROPHORETIC PATTERNS (RISING BOUNDARIES) OF ANTISERA

A B'

A. Antibothropic serum B-114 (Electrophoresis no. 293/23-2-1930)
B. Anticrotalic serum C-100 (Electrophoresis no. 390/16-1-1951)
Approximately 2% solutions, pH 8.6, diethylbarbiturate buffer, ionic strength 0.1, 80 volts

8 stationary salt boundary

area under the curve minus the stationary salt boundary, in the case of the
antibothropic serum, and 89% with the anticrotalic serum. However,
only a small part of this component is antitoxic antibody, as may be anti-
cipated fromX further investigations in progress.

All solutions, in 0.9% saline, were prepared the day they were used.
Pigeons and white mice were used in the present experiments. No

differences as to sex, age, or origin of the animals were made in the pigeon
tests. The mice were all of the mixed strains bred in the Instituto Butantan.
They were neither inbred nor reared and kept under uniform conditions
of nutrition, temperature, and humidity. It was not possible to maintain
constant environmental conditions during the experiments, owing to
circumstances beyond the author's control.

Methods and Results b

In vitro comparative pigeon/mouse test

The pigeon test was carried out according to the Brazilian pharma-
copoeia 27 with the following alterations: test venom with a lethal pigeon
dose of 0.05 *mg was used instead of a sample with 0.04 mg toxicity, as
this was not available; the mixtures were made up with 1.5 ml of venom
solution and 1.5 ml of antivenin, of which 2.0 ml were injected into the
pigeon and, for comparison, 0.4 ml into a caudal vein of a white mouse.
All series of this experiment were performed on the same day and with
the same stock solutions of venom and antivenin.

b More information on the experiments described in this section may be obtained from the tables.
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TABLE I. RESULTS OBTAINED WITH PIGEONS AND MICE AS TEST ANIMALS IN THE IN

Control (without antivenin)

venom
dose

(mg)

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

pigeon

weight
(g)

235

255

300

290

315

315

315

290

255

260

result

t 6'

t 7'

t1o'
t 5'

t 4'

t 7'

mouse

weight
(g)

21

21

19

19

22

18

18

18

20

19

result

t<14h

* survived
t <30' dead in less than 30 minutes
t c 20/ dead in about 20 hours
t < 3d dead in less than 3 days

result

5

pigeon mouse
venom
dose

(mg)

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

3.0

3.2

3.4

3.6

3.8

4.0

4.2

4.4

weight
(g)

230

255

255

290

255

295

285

240

230

260

315

270

275

235

225

210

290

235

230

230

t<18h

t <18/'

t<18h

t<18/

t 22'

t 4'

t 5'

t 6'

t 4'

t 3'

t 2'

t 3'

t 1'

t 1'

weight
(g)

21

21

21

18

22

20

19

19

20

19

19

18

19

18

20

20

19

20

19

20

result

t< 3d

t <38/'

t <90'

t <1 gh

t c 20/'

t <90'

t<20'

t<20'

t <20'

t <20'

The results of this comparative test are recorded in table I which
indicates only the venom doses given to the pigeons. The mice were

injected with only 20% of these amounts in the control series and also
received only 20% of the venom-antivenin mixtures in the other experi-
ments. The test venom used in this assay had a mean intravenous lethal
dose of 0.000973 mg per g of mouse as ascertained planimetrically in a

separate experiment. Thus, the pigeon proved to be about six times more

susceptible per g of body-weight than the mouse. When, however, the
venom dose was increased 50 to 200 times for the antivenin tests, this differ-
ence was considerably less or even absent, depending on the evaluation
method employed.
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VITRO TITRATION OF ANTIBOTHROPIC SERUM B-114 IN VARIOUS CONCENTRATIONS

concentration (/0)

10 20

venom
dose

(mg)

1.2

1.6

2.0

2.4

2.8

3.2

3.6

4.0

4.4

4.8

5.2

5.6

6.0

6.4

6.8

7.2

7.6

8.0

8.4

8.8

weight
(g)

280

260

290

275

235

280

260

310

290

290

270

233

245

220

270

275

310

285

285

280

pigeon

result

t<18h

t<18h
t 55'

t 11'

t 20'

t 7'

t 14'

t 5'

t 4'

t 2'

t 3'

t 2'

t 2'

t 1'

t 1'

weight
(g)

20

19

20

19

19

17

17

17

19

17

18

19

20

19

19

19

20

21

19

20

mouse

result

t<14h

t<14h
t <14h

t <38h
t<14h

t <38h

t<14h

t<14h

t<14h

t <60'

t<15'

t<15'

t<30'

t <30'

t<3)'

venom
dose

(mg)

2.4

3.2

4.0

4.8

5.6

6.4

7.2

8.0

8.8

9.6

10.4

11.2

12.0

12.8

13.6

14.4

15.2

16.0

16.8

17.6

weight
(g)

240

230

290

315

255

275

230

295

250

275

245

250

290

275

245

290

300

280

275

275

pigeon

result

t<41h

t<18h

t<18h

t 21'

1<60'

t 1'

t 3'

t 5'

t 1'

t 2'

t 5'

t 2'

t 1'

t 2'

t 1'

t 1'

t 1'

weight
(g)

20

18

19

19

19

20

17

20

19

17

21

22

19

19

20

20

20

20

19

19

mouse

result

t<14h
t<14h

t<14h

t <14h

t<14h
t <38h

t<14h

t <14h
t <30'

t <30'

t<14h

t<20'

t <20'

t<20'

t<20'

t<20'

t<20'

t<20'

The Brazilian pharmacopoeia 27 limits to 30 minutes the observation
time for the titration of polyvalent antibothropic sera against B. jararaca
venom. Under these conditions, the antivenin, in increasing order of
concentration, neutralized 2.4, 4.0, and 7.2 mg/ml in the pigeon test and
3.6, 6.8, and 10.6 mg/ml in the mouse test. It will be noted (table I) that,
with the highest antivenin concentration, the results were not clear-cut
relative to the time of death, so that the end-points had to be fixed by
interpolation. If the observation time was extended until death or complete
recovery of the animals, the results were quite different, giving 1.8, 3.0,
and 4.0 mg/ml with the pigeons and 2.5, 2.8, and 3.2 mg/ml with the mice.

Part of the inconsistency of the results would probably have been
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eliminated if the doses had been made up in proportion to the body-weight
of the test animals, which fluctuated around a mean up to ± 20.0% in the
pigeons and ±12.80% in the mice; but this is not required by the Brazilian
pharmacopoeia.27

In vitro mouse intravenous test

Varying amounts of venom, measured in mg per g of body-weight of
the mouse, were mixed with antivenin quantities corresponding to 0.01 ml
per g of body-weight (in one series also to 0.02 ml per g), incubated at
370C for one hour, kept overnight in the refrigerator, and centrifuged for

TABLE II. ALTERATIONS OF VENOM (L-2 AND L-4) TOXICIT'

Solid Mice Planimetrically
VenomRoute annSolid determined

Venom Roft aniein mean lethal
species ineton per mg venom dose

body-woneightf average (mg per g ofspcisnbodyweiht sex number weight body-weight)
(g)

B. jararaca subcutaneous 0 7 374 21.7 0.01487
0 V 317 20.5 0.01881

0.5 7 178 22.2 0.0477
0.5 164 20.1 0.0566

1.0 114 22.8 0.0712
1.0 218 20.7 0.0851

2.0 C 239 20.4 0.0732
2.0 V 223 21.4 0.09625

intravenous 0 7 97 22.1 0.0014175

0.5 Is 72 21.4 0.0384

1.0 Is 72 22.5 0.044725

2.0 7 67 22.3 0.044525

C. terrificus subcutaneous 0 7 96 21.7 0.0006305
0 56 23.6 0.0006883

0.2 d 72 20.7 0.002995
0.2 - V 32 18.7 0.00325

0.5 d 64 22.2 0.0040225
0.5 V 32 22.2 0.0043125

1.0 d 96 21.3 0.005005
1.0 , 48 22.3 0.006085

2.0 7 108 21.7 0.0051625
2.0 7 56 23.6 0.005475

intravenous 0 7 76 22.3 0.00012065

0.5 28 21.7 0.00941

1.0 7 32 22.3 0.01507

2.0 29 22.4 0.01997

4.0 7 60 18.7 0.03775
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30 minutes at 3,500 r.p.m. The supernatant was injected in the afore-
mentioned proportions into a caudal vein of white mice. The observation
period lasted till death or complete recovery.

The results of the experiments were evaluated by the planimetric
method,3' by unabridged calculation of the LD50 after Reed & Muench,28
and by probit analysis after Bliss.5

The results of this test are set out in table II under the sub-heading of
"intravenous " route. The figures obtained with the different evaluation
methods are closely similar. In fact, the deviation from the statistically
computed results of the figures obtained by the other two methods is

BY VARIOUS AMOUNTS OF ANTIVENIN (B-114 AND C-100)

Statistically determined median Deviation of Deviation of
lethal dose planimetric Reed & Muench Difference(afterhalios) from statistical from statistical between

LD5. (after Bliss) value value results from
(after males and

Reed & Muench) standard error females
(SE) % number y number (in number

mggg of SE
0 of SE of SE)

0.01433 0.0132 0.0006 4.5 +12.7 2.8 + 7.0 1.5
0.01867 0.0167 0.0012 7.2 +12.6 1.8 +11.8 1.6 2.6

0.04605 0.0459 0.0020 4.4 + 3.9 0.9 + 0.3 0.1
0.05693 0.0545 0.0021 3.9 + 3.9 1.0 + 4.5 1.2 3.0

0.0724 0.0701 0.0031 4.3 + 1.6 0.4 + 3.3 0.7 3
0.0844 0.0838 0.0023 2.7 + 1.6 0.6 + 0.7 0.3

0.07143 0.0710 0.0036 5.1 + 3.0 0.6 + 0.6 0.1
0.0900 0.0800 0.0071 8.9 +20.3 2.3 +12.5 1.4 1.1

0.0014576 0.00148 0.00013 8.8 - 4.2 0.5 - 1.5 0.2 -

0.0380 0.0331 0.0013 3.3 - 1.8 0.5 - 2.8 0.8 -

0.04562 0.0465 0.0049 9.5 - 3.8 0.4 - 1.9 0.2 -

0.04373 0.0421 0.0009 2.1 + 5.7 2.7 + 3.9 1.8 -

0.0006125 0.0006486 0.0000439 6.8 - 2.6 0.4 - 5.6 0.8 0.4
0.0006565 0.00067 0.00004 6.0 + 2.7 0.5 - 2.0 0.3

0.003053 0.0030 0.0001 3.3 - 0.2 0.0 + 1.8 0.5 1.20.00325 0.00322 0.00015 4.6 + 0.9 0.2 + 0.9 0.2

0.0039375 0.00395 0.00015 3.8 + 1.8 0.5 - 0.3 0.1
0.00433 0.00437 0.00036 8.2 - 1.3 0.2 - 0.8 0.1 1.1

0.005091 0.005029 0.000348 7.0 - 0.5 0.1 + 0.8 0.2 2.1
0.00638 0.00635 0.00053 8.4 - 4.2 0.5 + 0.5 0.1

0.005176 0.00490 0.00035 7.2 + 5.4 0.7 + 5.6 0.8
0.005625 0.00548 0.00056 10.2 - 0.1 0.0 + 2.-6 0.3 0.9

0.0001223 0.000114 0.000006 5.4 + 5.8 1.1 + 7.3 1.4 -

0.00933 0.00828 0.00042 5.1 +13.6 2.7 +12.7 2.5 _

0.01517 0.0152 0.0013 8.6 - 0.9 0.1 - 0.2 0.0 -

0.020 0.0219 0.0033 15.1 - 8.8 0.6 - 8.8 0.6 -

0.0370 0.0375 0.0025 6.7 + 0.7 0.1 - 1.3 0.2 _
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insignificant, being on the average less than one standard error and always
less than three. The mean standard error of the test method, 7.2 %, is
rather low, considering the unfavourable experimental conditions mentioned
above and the variation in the body-weight of the animals, which ranged
from 17 g to 25 g.

As the difference between the lethal dose of the venom in the control
experiments without antivenin and that of the venom in a venom-antivenin
mixture is brought about by the neutralizing effect of the serum, this
difference represents the titre of the antivenin relative to the quantity of
antivenin involved in the test. The titres, computed thus from table II,
are given in table III and prove the effectiveness of the antisera by the
inactivation of from 25 to more than 300 lethal venom doses. The com-
parison of the titres obtained with the various amounts of antibothropic
serum reveals the disconcerting fact that the difference between the quan-
tities of venom which combine with 0.5, 1.0, and 2.0 mg of antibody is
not only out of proportion but also statistically insignificant.

In order to see whether the Bothrops venom haemorrhagic component,
which is of such practical importance, is neutralized at the same rate as
the general toxic principle, the venom-antivenin mixtures were also injected
subcutaneously. The results of such experiments (table IV) show that
the haemorrhagin is still inactivated when, with increasing amounts of
venom, the mixtures become lethal. On further increase of the venom dose,
of course, the antihaemorrhagic potency of the serum is also exhausted.

The anticrotalic serum is more potent than the bothropic antivenin as
to the number of lethal doses neutralized by the same amounts of antibody,
but is less effective if the weight of inactivated venom is considered. The
difference between the results obtained with the various quantities of
crotalic antivenin is marked, being 4.7, 1.9, and 3.8 times its standard error.
The rate of venom neutralization by 0.5, 1.0, and 2.0 mg of antivenin is
directly proportional to these figures if 2.2 standard errors are admitted.
The titre determined with 4.0 mg of antivenin, however, is considerably
lower.

Flocculation occurred frequently in the venom-antivenin mixtures.
Its appearance and intensity depended on the venom/antivenin ratio and the
total concentration of the two reactives (table IV). Sometimes maximum
flocculation coincided with complete neutralization of the venom; sometimes,
however, there was no concordance between the two reactions (table V).

In vivo mouse subcutaneous curative test
It must be understood that the hitherto described tests are in vitro

methods, where the antigen-antibody reaction takes place under artificial
conditions and the animal serves only as an indicator of what has happened
in the test-tube. According to Walbum,37 however, the main interest will
always be to investigate how the reaction, in this case the inactivation of

301
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TABLE IV. NEUTRALIZATION IN VITRO OF BOTHROPS JARARACA VENOM L-2
BY 0.01 ml/g OF ANTIBOTHROPIC SERUM B-114 IN 5% AND 20% SOLUTIONS

5% antivenin solution 20% antivenin solution
Ve-
nom local local
dose flocculate haemorrhage result after flocculate haemorrhage result after
mg/g Won intravenous Mon intravenous

subcutaneous injection a subcutaneous injection a
injection injection

0.020 9.7 0 4/0 0 4/0

0.025 12.9 0 4/0 0 i 4/0

0.030 13.3 0 4/0 0 0 4/0

0.035 13.1 ± 4/0 2.4 0 4/0

0.040 11.1 0 0/3 4.6 0 4/0

0.045 11.1 0 0/4 12.8 + 1/3

0.050 10.6 + 0/4 21.1 + 2/2

0.060 10.1 4+ 0/5 37.5 0 0/4

a The first figure represents survivors, the second deaths
Test animals: male mice, weighing 18-23 g
Flocculate height of precipitate after centrifugation as percentage of entire column of liquid
Degrees of local haemorrhage : 0 none

± doubfful
+ very slight
4+ very strong

venom by antivenin, occurs in its natural medium, the living organism.
For this purpose, the venom was given subcutaneously and immediately
followed by antivenin injected in the same way. The subcutaneous route
is the most frequent type of venom inoculation in snake-bite accidents.
Although the practical and experimental observations of Lefrou 22 and
Schottler 33 suggest that antivenin is best administered intravenously, the
subcutaneous route of serum application is more widely used. Thus, the
following experimental method comes very close to natural circumstances
and represents a test for the therapeutic properties of antivenin under
optimum and easily reproducible conditions. It might be argued that some
time will always elapse between a snake-bite and antivenin application and
that this interval should be considered in the laboratory experiment designed
to duplicate a natural accident. This is impracticable when mice are used
as test animals since, because of the different individual susceptibility of
these animals, the more sensitive specimens will succumb in less than one
hour to a venom dose not yet proved to be lethal for all mice.33

The experiments were conducted as described in a previous paper.31
The evaluation methods for the results were the same as in the in
vitro mouse intravenous test.

As shown in table II, the average standard error of 5.9% is satisfactorily
low. The deviation of the statistically-determined figures from those
obtained by the other two methods is on the average less than one standard
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error and, in all instances, less than three standard errors. In the series of
this experiment, which were carried out with male and female mice using
more than 1,000 animals of each sex, the females showed more resistance
against the venom than the males, thus confirming former observations
by Dossena 13 and Sch6ttler.30 Although the difference in susceptibility
was always present, its statistical significance may be questionable, since
this difference is, on the average, only 1.8 times its standard error. As no
female mice were used in the mouse in vitro experiments described above,
the results obtained with male animals only will be considered in the
comparative evaluation of the curative tests.

TABLE V. NEUTRALIZATION IN VITRO OF CROTALUS TERRIFICUS VENOM L-4
BY ANTICROTALIC SERUM C-100 IN 20% SOLUTION

(0.02 ml PER g OF BODY-WEIGHT)

Venom dose Flocculate intravenous
(mg/g) (/°) injection a

0.020 0 8/0

0.025 0 8/0

0.030 0 7/2

0.035 0 3/6

0.040 0 4/5

0.045 0 4/4

0.050 55 0/5

0.060 55 0/5

a The first figure represents survivors, the second deaths
Test animals: male mice, weighing 17-20 g
Flocculate height of precipitate after centrifugation as

percentage of entire column of liquid

With the subcutaneous test method, as shown in table III, 1.0 mg of
bothropic antibody definitely binds more venom than 0.5 mg, but the
amounts of venom neutralized by 1.0 and 2.0 mg of solid antivenin
are the same. Conditions are similar with the anticrotalic serum. There
is a marked increase in the quantity of venom inactivated by 0.2 and 0.5 mg
of antivenin. On the other hand, the significance of the difference between
the results obtained with 0.5 and 1.0 mg, which is 2.9 times its standard
error, is questionable, and the amounts of crotalic venom rendered
innocuous by 1.0 and 2.0 mg of antibody are identical.

The haemorrhagic principle of the Bothrops venom, which is easily
inactivated by antivenin in a test-tube, is not appreciably diminished by
the antibothropic serum in the subcutaneous test. The typical severe local
symptoms appear also in animals surviving the injection of venom and
antivenin in sublethal proportions, even when the antivenin is given
immediately before the venom solution.

4
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A comparison between the crotalic antivenin titres assayed by the two
test methods demonstrates that considerably more venom is neutralized
by the same dose of specific antivenin in the in vitro test than under natural
conditions. In the case of the bothropic antivenin, the difference between
the titres obtained by either method, when 0.5 and 1.0 mg of antivenin are
used, is, with only twice its standard error, statistically questionable.
With 2.0 mg of antibody, however, markedly more venom is neutralized
in vivo than in vitro.

The utility of a test method depends on its reproducibility, which is
chiefly influenced by two factors: the variation in the individual suscepti-
bility of the test animals and the difficulty in re-establishing exactly identical
conditions as to substances, solutions, and external influences-especially
if the experiments extend over a longer period of time. In order to study
the influence of individual susceptibility on the results, parallel tests were
carried out using animals of equal weight and sex picked at random from
the same stock and injected on the same day with the same solutions in
the same doses. It is supposed that by this means all factors except the
individual variation of the mice were excluded. Under such conditions,
the results were sometimes closely concordant (table VI); but even with
50 animals in each parallel group, differences of more than 15 % occurred.

The range of the venom doses causing death of the mice will be wider
if single animals are considered which were injected on different days
with different, though corresponding, solutions, as shown in table VII.
In this case, the maximum ratio between the individual lethal doses is
on the average 2.4 and, within certain limits, always of the same order,
especially in the same type of experiment. There seems to be a higher
ratio in Bothrops than in Crotalus venom and with subcutaneous than
with intravenous injection. If, however, the range of dispersion of individual

TABLE VI. VARIATION OF ANIMAL RESPONSE UNDER IDENTICAL CONDITIONS

Animals Difference
Type Antivenin between results
of concentration number in average (as percentage

venom W sex each of the weight of arithmetic
two series (g) men

B. jararaca 5 d 36 18.7 6.8

5 V 35 20.3 1.0

10 32 20.5 6.3

10 32 21.3 13.3

20 50 20.5 15.6

C. terrificus 0 48 21.7 5.4

l l @ 32 22.2 5.2
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response is measured in number of lethal doses of venom without anti-
venin, it broadens, along with the number of lethal doses neutralized
by increasing antivenin concentrations. Thus the observations show that
there are animals which tolerate over 100 lethal doses in addition to the
maximum number of doses withstood by other animals.

Such gross differences in individual and group response are not reflected
in the rather small standard errors, which only represent the units of
frequency distribution of the mean values to be encountered if the experi-
ments were to be repeated under exactly identical conditions. Therefore,
the standard deviation (a) of samples, each of which had been obtained
from a large number of animals, was determined and their distribution
around the arithmetic mean was examined in order to test the repro-
ducibility of results in practice. These figures (table VIII) show that a
is considerably larger than the standard error. Of the single results obtained
in the determination of mean lethal doses of venom with and without
antivenin, 61.5% are within the limits of 1 a and all within 2 a. If all
the antivenin titres obtainable by combination of the figures in table VIII A
(see table VIII B) are included in this survey, 66.3 % of all samples deviate up
to 1 a, 98.3% up to 2 a and all are within the range of 3 a, which corres-
ponds exactly to the statistically expected normal distribution of fre-
quencies. This fair coincidence, however, may not conceal the fact that
deviations of results from their respective means by up to more than 35 %
occurred. This meant in the most unfavourable case that the therapeutic
value of a certain antivenin concentration was once assayed as 799 units
with 112 animals, but when the test was repeated with 109 animals of the
same sex and approximately the same weight, the result was only 399 units.

Discussion

Relation between dose and survival time
The results of the comparative titrations of antibothropic serum with

pigeons and mice clearly demonstrate that, with both these animal species,
there is no strict relation between dose and survival time. Inconsistencies
in the final outcome occur in the borderline cases, so that, in pigeons also,
one animal may tolerate a higher dose than that to which another specimen
succumbs. If the observation time is limited to 30 minutes, the titres of
the different serum concentrations ascertained by both animal species lie
roughly on a straight line for each kind (fig. 3) with a slight but noticeable
tendency towards relatively less venom neutralization by the higher anti-
venin concentrations. The origin of the rather arbitrary limitation of the
observation time prescribed by the Brazilian pharmacopoeia,27 which
asserts that a venom-antivenin mixture is toxic when it kills a pigeon in
30 minutes but non-toxic when the animal dies in 31 minutes, can be
traced to the observations of Brazil.9 This author noticed that pigeons
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W. H. A. SCHOTTLER

FIG. 3. INFLUENCE OF OBSERVATION TIME

ON THE RESULTS OF THE TITRATION OF

ANTIBOTHROPIC SERUM B-114

5 10
antivenin concentration in percent.

Mouse test after 30 minutes
Pigeon test after 30 minutes
Mouse test without time limit

Pigeon test without time limit

injected intravenously with
Bothrops venom, also in com-
bination with antivenin, either
died in less than 20 minutes
or recovered completely. This
statement is confirmed by the
present experiments in pigeons
with venom injections without
antivenin. It is possible that
the animals react in the same
manner to mixtures of venom
and low-titre antivenins, which
were the only type at the dispo-
sal of Brazil more than 40 years
ago. Thus, a limited observa-
tion time was obviously intro-
duced in the titration of both-
ropic antivenin, not in order to
achieve more uniform results
but because, in those times,
further observation of the test
animals was unnecessary in
contrast to the anticrotalic sera
assay, where the pigeons were
always kept under observation
for 48 hours. If the observation
time in the titration of anti-
bothropic sera is extended until
death or recovery of the ani-
mals, the final results are quite
different both in pigeons and
mice (fig. 3). They show unmis-
takably that there is no propor-
tional continuance in quanti-
tative venom neutralization if
more-highly concentrated anti-
venins are assayed.

Test animals

The experiments so far discussed indicate that the pigeon is not superior
to the mouse as test animal with reference to quality and uniformity of
response. Furthermore, these birds are rather expensive in most coun-

11

A.
B.

C.
D.
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tries and the quantities available are limited. It is undoubtedly much
easier to rear, under standard conditions, a sufficient number of uniform,
or even inbred, mice than pigeons. Also, less space and fewer personnel
are necessary for handling, keeping, and observing a large number of test
animals in experiments with mice than with an equal number of pigeons.
Finally, the lesser quantities of reactives required in the mouse test make
this species preferable. Thus the once much-recommended use of pigeons
in antivenin assay is not justified by modern experience.

Neutralization

In the in vitro titration with mice as test animals, both the venoms
are relatively less inactivated by higher than by lower antivenin con-
centrations (fig. 4); this, however, is not surprising as it seems to be a
rather common phenomenon of antigen-antibody reactions (Boyd 7).

FIG. 4. PROPORTIONS OF VENOM-ANTIVENIN COMBINATION IN VARIOUS
MOUSE TESTS

0.06-

r~~~~~~~~~~

6 00

02 05 10 20 40
mg of solid antivenin.

A. In vitro titration } fatbtrpi eu 1

D. Therapeutic efficacyf> of anticrotalic serum C-100

Brazil 8 noticed the phenomenon in pigeons with the same venoms, and
Houssay & Negrete 20 extended this observation to the venom of B. alternata
with pigeons and other birds. The latter authors even created different
neutralization formulae for the various venoms, antivenins, and test ani-
mals employed, but even after the correction of some computational
errors in their paper the observed results deviate by up to more than 300%°/
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from the figures calculated from their formulae. Eichbaum 15 reported
that, in the assay of varying concentrations of antibothropic serum against
B. jararaca venom, the same phenomenon can be observed with pigeons
and mice as test animals, but that the results obtained in the pigeon test
are rather irregular. The figures of the mouse test, however, fit the Freund-
lich absorption isotherm with no difference greater than 26.5% (after
correction of some errors of calculation) between observed and calculated
values.c In the present study, the application of the Freundlich isotherm
to the titres of the four different concentrations of anticrotalic serum
also yields a straight line, from which each of the four points observed
deviates by less than once its own standard error, if at all.

This statement does not indicate that the venom-antivenin combina-
tion is an absorption phenomenon since, as pointed out by Topley &
Wilson,35 many demographic data also follow the absorption isotherm.
According to these authors, the applicability of that formula is only evidence
of a complex reaction and does not justify any assumption as to the mecha-
nism concerned. On the other hand, it is improbable that the reaction is
subject to the law of mass action. In this case, a venom-antivenin mixture
in equilibrium between free venom and antivenin and bound venom-
antivenin should become less toxic on removing the bound part, as for
instance in the form of a precipitate, since free venom and antivenin must
combine to establish a new equilibrium. No such phenomenon was
observed.

The neutralization of venom by antivenin, however, may not always
follow the absorption formula but can also occur in direct multiple pro-
portions. Thus, in the experiments of Eichbaum,15 the general toxic
principle of B. jararaca venom was inactivated according to the Freundlich
isotherm, whereas the amounts neutralized of the coagulating component
of the same venom were in direct proportion to the quantities of anti-
serum involved. Also with European viper venoms, Ipsen 21 reported
that neutralization of general toxicity by respective antisera takes place
in direct multiple proportions, though perhaps the rather high mean devia-
tion of his results with sample deviations from the mean of up to ± 55 %
may not make this conclusion very convincing.

In the in vitro titration of the various concentrations of antibothropic
serum against the venom of B. jararaca, no physical formula accounts
for the very abrupt cessation of venom neutralization by higher antivenin
concentrations (fig. 4). This sudden decrease in the relative venom-
inactivating capacity of increased antivenin concentrations suggests that
the B. jararaca venom contains a toxic component which is less potent
than the general toxic principle and is not neutralized by the antivenin.

c Not too much value should be attributed to the numerical results of Eichbaum Is as most of his
dosage-mortality curves are incomplete and very irregular, so that the fiducial limits of his figures are probably
very large.
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A comparison between the titres of the antibothropic serum assayed
with the " standard " venom and those obtained with the less potent
sample L-2 reveals that more venom of the latter than of the former is
neutralized by equal amounts of antivenin. There exists a direct proportion,
within the limits of error indicated, between the size of the mean lethal
doses of the two samples and the actual amounts of the latter inactivated
by antiserum. Though different titres need not invariably result from
the use of test venoms of different toxicity, as previously demonstrated,32
their possible occurrence should be excluded a priori by narrowly defining
the toxic properties of test venoms to be employed in antivenin titration.

Flocculation

The opinions of the various authors on the value of the flocculation
reaction in the titration of antibothropic and anticrotalic sera differ con-
siderably. Brazil 9 and Houssay & Negrete 19 observed no parallelism
between flocculation and venom neutralization. On the other hand, Vaz
& Pereira 3 and Arantes, Karmann & Bier 1 often found close correlation
between the two reactions in the assay of anticrotalic sera; however, the
paper by the latter authors also reported a flocculation titre 10 times higher
than that obtained in the animal experiment. With reference to the titration
of antibothropic sera by flocculation, Arantes expressed the opinion
that it did not work, whereas Azevedo, Sandoval & Martirani 3 reported
congruence of the two tests also in the case of bothropic antivenins.

The experiments of the present paper give evidence that no parallelism
exists between the two reactions in either of the antivenins and that con-
cordance of the results seems to be mere coincidence. In fact, a strict
relationship between neutralization of the general toxic principle and
flocculation could not even be expected in theory. Cesari & Boquet,11 12
Eichbaum,16 and others have demonstrated that venoms contain anti-
genically and pharmacodynamically distinct fractions, which are bound
by antivenin at widely different rates. Although there is no doubt that
flocculation is an antigen-antibody reaction, which under certain circum-
stances might serve to indicate complete union between the two reactives
in the case of a homogeneous antigen and its specific antibody, it would
be highly improbable that such a reaction between a mixture of antigens
like snake venom and its similarly complex antibodies has a fixed and
accurately measurable correlation with the neutralization of just one of
the many components in the mixture. The situation is further complicated
if a venom contains toxic components which are non-antigenic or antigens
so weak that they do not appreciably stimulate antibody formation. That
such an assumption is not too farfetched is evident from a paper by
Ganguly,17 who claims that the proteolytic action of Daboia and Naja
venoms cannot be neutralized by antivenin.
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Toxic action of Bothrops venom
In order to settle the rather important question as to whether the venom

of B. jararaca contains a toxic fraction which is not neutralized by antivenin
a special experiment was performed.

Serum B-114 in 20% solution was mixed with venom L-2 in a proportion that
0.01 ml per g of body-weight corresponded to 0.07 mg per g of venom, which dose is
just a fraction above the certainly lethal dose of venom in this combination with antivenin.
The mixture was treated as previously described for the intravenous mouse test. Part
of the supernatant was injected intravenously into male mice, in a volume corresponding
to the above-mentioned proportions, and killed 12 out of 12 animals. Sufficient serum
was added to the remaining part of the supernatant to give an antivenin-venom relation
of 0.01 ml per g to 0.035 mg per g, which is the lowest lethal venom dose in this combina-
tion and had only killed one animal out of 11 injected with that dose. The second
mixture treated as before killed 7 out of 7 mice. The same experiment carried out with
0.03 mg per g of Crotalus terrificus venom L-4 and anticrotalic serum C-100 resulted
in 12 deaths out of 14, in the first part of the test, and 1 out of 10 in the second part.
It may be mentioned that the first venom-antivenin mixture in both experiments gave.
strong flocculation but that the second mixtures showed not the least trace of turbidity.

The result of this experimnent is a conclusive proof that the B. jararaca
venom L-2 does contain a lethal factor which is not neutralized by the
antibothropic serum B-1 14. In the Crotalus venom, no such factor is present
in lethal concentration in the dose-range covered by this experiment.

Titres obtained in vitro and in vivo

The difference between the titres obtained in the in vitro and in vivo
tests (fig. 4) is easily explained in the case of the Crotalus venom. When
venom and antivenin are mixed in a test-tube, the venom can and will
combine only with the antibody. However, if the two agents are introduced
separately into the body of a test animal, part of the venom will inevitably
unite with the animal's receptor organs, whatever these may be, and will
cause death when one lethal dose of venom has thus become bound. The
fatal dose of venom is always the same but its percentile proportionality
decreases in the increasing total amount of venom to be necessarily injected
if higher antivenin concentrations are tested. Thus the probability that
one lethal dose escapes neutralization by antivenin and is fixed to the
receptors becomes larger the more venom there is involved in the experi-
ment, setting a natural limit to the assay. Beyond this limit, neutralization
ratios can no longer be measured because of the small quantity of venom
that reaches the receptors of the body and kills the animal in any case,
notwithstanding almost complete neutralization of the venom by antivenin.
Different affinity of the antigen to antibody and animal receptor may
determine the limit of the test but will not influence the final issue.

The relation between the titres obtained by the two test methods with
Bothrops venom, though less distinct than in the case of Crotalus, is the
reverse. More venom is neutralized by the same quantities of antivenin
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in the living animal than in the test-tube experiment. This is especially
surprising in view of the fact that the very strong so-called haemorrhagic
component of this venom, which is readily neutralized by serum in vitro,
is not visibly attenuated in the curative test, as was reported by Eichbaum 16
and confirmed by the experiments described in the present paper. Thus,
it was to be expected that the failure of the in vivo neutralization of a
toxic component entirely inactivated in vitro would lower the antivenin
titre in the curative test. That this is not the case, however, can be accounted
for by the afore-mentioned observation, that the B.jararaca venom contains
yet another toxic component which is not at all affected by antivenin.
It seems not unlikely that the lethal dose of this venom fraction is higher
at subcutaneous than at intravenous inoculation - a fact which would
explain perfectly the different behaviour of the two venoms in the two test
methods. Thus, four factors, as far as can be concluded from the evidence
presented in this paper, determine the in vitro/in vivo ratio of the titres
of the antibothropic serum:

(1) this ratio is decreased by the non-neutralized venom excess as the
lethal dose is larger at subcutaneous than at intravenous injection (table II)

(2) it is increased by the better venom-antivenin-combining conditions
in the test-tube;

(3) the ratio is further decreased by the existence of a non-neutralizable
toxic component with presumably higher intravenous than subcutaneous
activity;

(4) it is again increased by the fact that the haemorrhagin is inactivated
in vitro but not in vivo.

Only the first two factors seem to play a role in the neutralization of
the crotalic venom. What quantitative part each of the four factors has
in the syndrome has not yet been analysed.

Difference between LDo and LDLoo
The observation that the difference between the LDo and LD1oo is only

about one lethal venom dose when venom alone is assayed, but is up to
more than 100 lethal doses when high antivenin concentrations are involved,
needs some explanation. If the neutralization of venom by antivenin were
an all-or-nothing reaction, the range of individual lethal doses of a venom-
antivenin mixture made up in a proportion to neutralize exactly 100 lethal
venom doses must logically be between 100+LDO and 100+LD100; this,
however, is not the case. Irregularities in the proportions to which venom
and antivenin combine can be excluded from consideration as the percentile
range of dose weights observed was always the same in the individual
response of animals injected with test-tube mixtures from the same solu-
tions of the two agents and also of animal lots injected with the contents
of the same test-tube. Thus, it seems that the most reasonable interpreta-
tion of the phenomenon is supplied by the much discussed Bordet 6 theory
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of antigen-antibody reaction. According to this theory, and concordant
with the findings of the present author, free venom and completely neutral-
ized venom do not exist together in a venom-antivenin mixture with venom
excess. Instead, the toxicity of the whole venom complex is diminished
by the neutralizing effect of the antivenin. In a certain sense, the venom-
antivenin compound with only slight venom excess is a substance with
similar properties to, but less toxic potency than, venom alone, which would
account equally for the constancy of the ratio between the lowest and the
certainly lethal doses and the seemingly increasing resistance of the animals
along with larger venom doses.

Statistical analysis
The necessity of employing statistical methods in biological assays has

been accentuated by Burn, Finney & Goodwin,10 and the reasons for the
scarcity of their application by immunologists have been fully explained
by Batson.4 There is no doubt that, in general, the evaluation of the data
of a well-designed experiment by refined statistical methods, or by much
simpler interpolation, or by acceptance of the data at their face value,
as in the planimetric method, gives no significant differences. This is
obvious from the comparative study by Armitage & Allen 2 as well as from
inspection of table II in this paper. The main importance of statistics is the
assertion of the standard error and the fiducial limits of results, and thus
of the significance and reliability of observations. For instance, Eichbaum 15
would hardly have taken the amount of venom neutralized by a 1: 1000
antivenin dilution as a starting-point for a physical formula, had he
verified that the standard error of this figure is± 59.3 %. It is evident
that many interesting observations by reputed authors will not stand
statistical analysis, which would prove the results to be insignificant if not
worthless. A low standard error, on the other hand, may be treacherous
in the hands of the inexperienced. Thus, for example, the statistically
ascertained standard error of the combined seven single experimental
series in the subcutaneous female mouse test with 10% bothropic antivenin
(tables II and VIII) is 2.7%. The standard deviation of the single results
from their arithmetic mean is 6.4% and the maximum sample deviation
is 11.7%. To use statistical results correctly, it must be borne in mind
that the standard error is only the unit of the range into which the results
would probably fall if the experiment were to be repeated indefinitely
under exactly identical conditions. This, however, is practically impossible.
Therefore, it seems preferable to repeat an experiment several times and to
determine the standard deviation of the results obtained in the single
experiments. If enough experiments of the same type are evaluated in
this way, the average deviation expressed as a percentage will supply a fair
estimate of the degree of reliability of the results obtained in this type of
assay. Thus, in the experiments of table VIII A, the. average standard
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deviation is 7.3 % and in table VIII B it is 9.2%, and an allowance of
four average standard deviations must be made to include all the single
results. Probably the range of deviation will narrow considerably if uniform
test animals and constant experimental conditions are employed, but it
seems that this has not yet been achieved in most research institutions.

ConclusiQns

Snake venoms are complex mixtures of chemically, pharmacodynamic-
ally, and antigenically different substances. Not all of these components,
though physiologically active, need also be toxic in the sense of endangering
the life of man or animal in doses which may be inoculated under the
circumstances of a natural snake-bite. Most of the toxic venom fractions
are antigenic, but there exist also toxins which are not antigens, or are
antigens so weak that they do not appreciably stimulate antibody formation
if the whole venom is injected for immunization. The problem of antivenin
titration and snake-bite treatment arising from these facts seems to have
a certain analogy to conditions in diphtheria as described by O'Meara.24
The first step towards overcoming these difficulties should, therefore, be
to analyse the various physiological effects of a given venom, with reference
to which of its properties is relevant in the fatal syndrome and to whether
these effects are readily neutralized by antivenin. If the latter is not the
case, as in the B. jararaca venom, such a fraction must be isolated or at least
concentrated in order to be dealt with separately. It must be ascertained
whether a therapeutically sufficient antibody can be produced by separate
immunization or what other measures will counteract the toxic effects of
the non-antigenic substance. These means will enable institutions concerned
with research, production, and titration of antivenins to concentrate on
the clinically essential factors.

As demonstrated in the foregoing experiments, the amount of venom
neutralized by a certain quantity of antivenin can be measured directly
in a laboratory test, and the figures obtained are reproducible with liberal
accuracy within the limits of the method. It can be further concluded
from the observations in this paper, and from an extensive survey of the
literature on this subject, that the white mouse is the most suitable animal
for routine experiments on venoms and antivenins. The direct method,
however, is not applicable for the titration of antivenins as the neutraliza-
tion of venom by antivenin does not follow multiple proportions and,
consequently, does not give twice as high a titre if the antibody concentra-
tion is doubled. This leaves only the indirect method of comparing the
potency of an unknown and suitably diluted or concentrated antivenin
with that of a standard preparation, as already proposed by Menk 23

and Ipsen.2' If such a standard were established arbitrarily, the titre of
an antivenin in terms of potency relative to the standard would convey
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no information whatever to the practitioner or the layman as to how
much antivenin he must administer in a snake-bite accident, as argued
by Taylor.34 But the same would be the case if the titre of an antivenin
were expressed in mg of venom neutralized per ml of the serum, as it is
quite impossible to assess how much venom the snake has injected in a
given accident.

Proposals for the standardization .of antivenin
There seems to be only one way to reach an international agreement

on standard antivenins. The therapeutic requirements of a standardized
antivenin, as postulated in a previous paper,29 should be defined as: A
practicable volume of antiserum capable of neutralizing the maximum
amount of venom ejectable by one specimen of the snake species under
consideration. It is undoubtedly not exaggerated to demand that one
ampoule (10 ml) of antivenin must neutralize the average amount of venom
secreted by the snake and that five ampoules (50 ml) should inactivate
the maximum amount of venom which has to be taken in account. The
therapeutic efficacy of the antivenin should be assayed in larger animals
(dogs, etc.) which have been injected hypodermically or intramuscularly
with the average or the maximum venom supply, whichever requires higher
antivenin potency, of one specimen of the snake species in question, and
then treated with serum solutions of various strengths. The amount of
antivenin which just fully protects the animals is completed by the addi-
tion of saline to a volume of 10 ml or 50 ml, as the case may be. This
antivenin solution represents the standard. Titrations of unknown sera
can be performed in comparison with this standard in suitable dilutions
in the mouse test. Antivenins which are less potent than the standard
must not be admitted for distribution. The universal adoption of this
proposition would ensure that, in each country, one ampoule of the local
antivenin would contain enough antibody to give full protection in an
average snake-bite accident and that the administration of five ampoules
would deal efficiently even with the worst possibilities. Obviously it will
be much easier to complete this task in the case of the small European
vipers than in that of the big African puff-adders, which are capable of
injecting more than one gram of venom. There is no doubt that technical
difficulties in the concentration of antivenins will arise in certain instances,
but these obstacles must be surmounted in order to change the present
antivenin treatment from mere guesswork to a reliable therapeutic measure.

The titration of -antivenins is only possible in combination with test
venom. The experiments described in this paper have shown that the titres
of the same antivenin obtained by venom samples with different grades
of toxicity may differ from each other. Therefore, the toxic properties
of a test venom must be well defined to guarantee comparable results.
The primordial requirement of a venom to be used for titration is that
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it should be extracted from the venom glands of the snake without exer-
tion of undue pressure as, according to Duran-Reynals,'4 the content of
the glandular cells is not venom. If the venom is forced out from the glands,
many cells will be crushed and their liquid will inevitably contaminate
the venom. This, of course, holds equally true with venom for immuniza-
tion purposes, as the probably antigenic cell fluid may bias the antibody
formation in an undesired direction. The definition of the toxic potency
required of a test venom must be guided by two factors: high toxicity
and satisfactory availability. As venoms are apt to undergo alteration
during storage,32 test samples must frequently be retested to make sure
that they still fulfil the requirements of the standard.
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SUMMARY R1tSUMPE

The neutralization of two types of snake
venom, Bothrops jararaca and Crotalus
terrificus terrificus, by various concentra-
tions of a polyvalent antibothropic and of
a subspecies-specific anticrotalic serum,
respectively, was investigated in several
thousand single experiments carried out
chiefly on mice. Comparative parallel
series of experiments with mice and pigeons
as test animals revealed that the pigeon is
not superior to the mouse, so that, for
obvious economic and practical reasons,
this animal species should be given prefer-
ence in routine antivenin assay.

In the in vitro experiments (contact be-
tween venom and antivenin before intrave-
nous injection of the mixture) as well as
in the therapeutic tests (separate subcu-
taneous injections of venom and anti-
venin), the neutralization of venom by
increasing antivenin concentrations did
not occur in multiple proportions. Rela-
tively less venom was neutralized by higher
antivenin concentrations. There was an

L'objet de ce travail est l'etude de la
neutralisation de deux types de venins de
serpents - Bothrops jararaca et Crotalus
terrificus terrificus - par differentes con-
centrations d'un serum anti-Bothrops poly-
valent d'une part, et d'un serum anti-
Crotalus, specifique pour la sous-espece
en question, d'autre part. Des milliers
d'experiences ont et effectuees, principa-
lement sur les souris. Des series paralleles
'd'essais comparatifs avec des souris et des
pigeons montrerent que le pigeon n'est pas
superieur a la souris comme animal
d'epreuve; il est donc preferable pour des
raisons economiques et pratiques evi-
dentes, d'employer la souris dans les
titrages courants de serums antivenimeux.
Dans les experiences in vitro (venin et

serum antivenimeux en contact avant
l'injection intraveineuse du melange) ainsi
que dans les titrages du pouvoir curatif
des serums (injections sous-cutanees dis-
tinctes, de venin et 'de serum), la neutrali-
sation du venin par des concentrations
croissantes de serum antivenimeux ne se
produisit pas selon la loi des proportions
multiples. En augmentant la dose de serum
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end-point in the inactivation of the
Bothrops venom, beyond which further
increase in antibody concentration was
useless owing to the presence, in the venom,
of a toxic component which is not neutral-
ized by the antivenin. The therapeutic
test gave higher titres than the in vitro
assay in the case of the bothropic antivenin,
whereas with the crotalic antiserum the
situation was reversed. Different titres
were obtained in the titration of the same
antivenin with venom samples of different
toxicity.

No congruence between flocculation and
neutralization was observed.

The Bothrops venom component which
causes local haemorrhage and necrosis
was inactivated in vitro but not in vivo.

Throughout the various types of experi-
ments, the ratio LDIOO: LDo in weight of
venom was practically the same, regardless
of how much venom was involved, which
means that the difference between individual
LDo and LD100, expressed in number of
lethal venom doses, increased along with
the larger amounts of venom neutralized
by increasing antivenin concentrations.
These observations lend support to the
Bordet theory of antigen-antibody union.

The average standard error of the
figures representing the amounts of venom
neutralized by antivenin was 5.8% in the
subcutaneous and 5.5% in the intravenous
tests with Bothrops venom, and 6.6%
(subcutaneous) and 8.8% (intravenous)
with Crotalus venom. The average devia-
tion of single results obtained in repeated
experiments for the evaluation of the
therapeutic efficacy of the antibothropic
serum was 9.2% around their arithmetic
means.

The lack of multiple proportions in
venom neutralization by antiserum makes
direct antivenin titration impossible and
leaves the indirect assay by comparison of
the unknown with a standard serum as the
method of choice. An international stan-

antivenimeux, on n'obtient pas la neutra-
lisation d'une dose de venin correspon-
dante. On arrive a un point mort dans
l'inactivation du venin de Bothrops, au
dela duquel toute addition de serum anti-
venimeux est sans effet, en raison de la
presence dans le venin, d'un composant
toxique qui n'est pas neutralise par le
serum antivenimeux. L'essai curatif des
serums anti-Bothrops donna des titres plus
eleves que l'essai in vitro; ce fut l'inverse
pour les serums anti-Crotalus. Des titres
differents furent obtenus dans les titrages
d'un meme serum par des echantillons de
venin de toxicite diff6rente.

Les resultats des epreuves de floculation
et de neutralisation ne furent guere concor-
dants.
Le composant du venin bothropique

responsable des hemorragies et necroses
locales fut inactive par le s6rum in vitro
mais pas in vivo.
Le rapport DL1OO: DLo (en poids de

venin), pratiquement le meme dans tous
les types d'experiences, est independauit de
la quantite de venin neutralise. C'est a dire
que la difference, en nombre de doses
letales de venin, entre les doses DLo et
DL100 individuelles, augmente avec les
quantites de venin neutralisees par des
concentrations croissantes de serums anti-
venimeux. Ces observations sont en accord
avec la theorie de Bordet sur l'union entre
antig6ne et anticorps.

L'ecart d'erreur-standard moyen des
resultats qui indiquent les quantit6s de
venin neutralise, etait de 5,8% dans les
essais par voie sous-cutanee et de 5,5%
dans les essais par voie intraveineuse du
venin Bothrops; il etait de 6,6% (voie
sous-cutanee) et de 8,8% (voie intravei-
neuse) dans les essais du venin Crotalus.
La deviation moyenne autour des
moyennes arithmetiques des resultats sepa-
res obtenus dans les essais curatifs du s6rum
antibothropique, frequemment repetes,
etait de 9,2%.
Le fait que la loi des proportions mul-

tiples n'est pas applicable a la neutralisa-
tion des venins de serpents par les serums
antivenimeux, rend le titrage direct impos-
sible; la methode de choix sera donc le
titrage du serum a titrer en rapport a un
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dard of each antivenin type is proposed,
to be specified as an antivenin which,
in a volume of 10 ml or 50 ml-which-
ever is the more potent-neutralizes respec-
tively the average, or the maximum, venom
dose ejectable by the snake species under
consideration. This test should be per-
formed as a curative experiment on larger
animals injected with the amount of venom
which corresponds to the injection from
an actual snake-bite. Further titrations
of the unknown against the established
standard sera can be carried out by mouse
tests. The test venoms should be selected
according to the highest toxicity available
in sufficient quantity.

etalon. L'etalon international propose,
pour chaque type de serum antivenimeux,
est un echantillon qui serait capable de
neutraliser, sous un volume de 10 ml,
la dose moyenne de venin et, sous un
volume de 50 ml, la dose maximum de
venin qu'un individu de l'espece ophidienne
consideree peut injecter par morsure, la
preparation la plus active etant choisie.
La determination de l'efficacit6 d'un serum
devrait etre faite sous forme d'essais
curatifs sur de grands animaux auxquels
on injectera les doses de venin mentionnees.
Les titrages courants des serums inconnus
pourraient etre effectues sur des souris.
I1 importerait de designer comme venins
d'epreuves les venins les plus toxiques que
l'on puisse obtenir en quantites suffisantes.
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