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Studies of Scorpion Antivenins*
1. Paraspecificity

Colonel F. W. WHITTEMORE Jr.,' Lieut.-Col. H. L. KEEGAN 2 & J. L. BOROWITZ3

This paper describes neutralization tests conducted to determine the effectiveness of
five commercially available antivenins, each from a different geographical area, in neutra-
lizing homologous and heterologous scorpion venoms. Venoms of eight scorpion species
were used. The work was undertaken because of current interest in the development of
polyvalent antivenins for the treatment of venomous bites and stings, andfor determination
of paraspecific action of existing antivenins as a first step in such a developmental pro-
gramme. During the studies described, several instances of cross-protection were found,
and in some tests heterologous antivenins were more effective than homologous antivenins
in protecting white mice against the effects of venom injections. The results obtained should
be ofpractical value in planning a systematic approach towards production ofa polyvalent
antivenin for use anywhere in the world.

Neutralization of scorpion venoms by hetero-
logous antivenins has not been extensively investig-
ated. Sergent (1949) found that an antivenin pre-
pared with venom of the North African scorpion
Androctonus australis gave some protection to white
mice against venoms of the Mexican scorpions
Centruroides noxious and C. limpidus limpidus. An
antivenin prepared in Mexico with venoms of several
species of genus Centruroides gave similar protection
against venom of A. australis. Sergent also found
that A. australis antivenin neutralized venom of the
Southern-European-North-African species Buthus
occitanus. On the other hand, Grasset and his
colleagues (1946) found that antivenin produced
with venoms of South American scorpions of the
genus Tityus gave no protection to white mice
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against venoms of South African species of Para-
buthus. In a recent paper by Tulga (1960) it was
found that an antivenin prepared with venom of the
Turkish Androctonus crassicauda neutralized venom
of Buthus quinquestriatus from Israel. An antivenin
prepared at the same time with the venom of quinque-
striatus neutralized only the homologous venom.
The current study was made to determine the

effectiveness of five commercially available scorpion
antivenins, each produced in a different geographical
area, in neutralizing homologous and heterologous
scorpion venoms. Eight scorpion venoms were used
in this study.

MATERIALS

Antivenins utilized in this study are listed in Table 1.
Tabulated with the name of each antivenin are
the place of origin and the unit of supply, and
statements of the producer concerning venoms
neutralized and potency of the product. Venoms
utilized are listed in Table 2; the form in which the
venom was supplied, and the source from which it
was obtained are given in each case. White labo-
ratory mice, 14-17 g in weight, were used, without
regard to sex, in all potency and neutralization tests
and were obtained from a single source.
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TABLE 1
ANTIVENINS USED IN NEUTRALIZATION TESTS a

Source Unitof supply Venoms neutralized Stated potency

Ankara, Turkey 2Package of five Androctonus crassicauda Contents of one ampoule will neutralize
2-mi ampoules ~~~~~~~~~~~~fivestings.

Union ofesuth 5-mi ampoule South African species of genus Not stated exactly. Therapeutic dose is
Africa

o

Parabuthus 10 ml, to be repeated if necessary.

AlgIers, Algeria 10-mI ampoule North African scorpions, especially I ml neutralizes I mg of venom of A.
Androctonus australis australis.

Mexico, D.F., 5-mi ampoule Mexican scorpions of genus Centru- Not stated exactly. Therapeutic dose
Mexico roides plus C. sculpturatus of the USA for adults is one or two ampoules.

S&o Paulo, Brazil 5-ml ampoule Tityus bahiensis and T. serrulatus doses of venom.

a All antivenins In liquid form. The Johannesburg product consists of refined globulins.

TABLE 2
VENOMS USED IN POTENCY AND NEUTRALIZATION TESTS

Species Form Source

Androctonus crassicauda Dried telsons Central Institute of Hygiene, Ankara,
Turkey

Androctonus australis Dried venom Institut Pasteur d'Alg6rie, Algiers

Buthus occitanus Dried venom Institut Pasteurd'Algarie, Algiers
Tityus serrulatus Dried venom Instituto Butantan, S§o Paulo, Brazil

Tityus bahiensis Dried venom Instituto Butantan, SSo Paulo, Brazil

Parabuthus spp. Dried venom Institute for Medical Research,
Johannesburg, Union of South Africa

Centruroides sculpturatus Fresh telsons a Superior, Arizona, USA

Centruroides vittatus Fresh telsons a Camp Bullis, Texas, USA

Taken from scorpions killed immediately before the test.

METHODS

Dried venoms were dissolved in physiological
saline. These solutions were made up at the rate
of 10 mg per ml. Scorpion telsons were triturated
in physiological saline and spun at 2000 r.p.m. for
five minutes, and the supernatant was diluted to
give 10 scorpion telsons per ml.

Potency tests were conducted by injecting various
amounts of venom in a constant volume of 0.75 ml
of saline solution intraperitoneally into white mice.

Injections were made with a 24-gauge (0.55 mm)
needle. Mice receiving equal amounts of venom
were caged together and observed for 24 hours.
At this time the LD50 values were determined by the
Reed & Muench (1938) method.1

Neutralization tests were conducted by injecting
constant amounts of venom (dissolved in 0.25 ml

1 Initially venom injections were given in a total volume
of 0.5 ml of saline solution. Because of the low potency of
some antivenins, it was necessary to increase the volume of
inoculum in neutralization tests to demonstrate the differences
in effectiveness of homologous and heterologous antivenins.
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TABLE 3

NEUTRALIZATION OF SCORPION VENOMS BY HOMOLOGOUS a AND HETEROLOGOUS ANTIVENINS

Scorpions Mouse LDso of venom neutralized by t ml of antivenin from:
Venoms or venom samples

from: Ankara Algiers Johannesburg S&o Paulo Mexico

Androctonus crassicauda Turkey j 10 trace trace trace trace

Androctonus australis Algeria >17 >9 7 3 6

Buthus occitanus Algeria <8 <81 none none <8

Tityus serrulatus Brazil >14 6 9 >141 10

Centruroides sculpturatus USA <5 <5 none none >9

Centruroides vittatus USA >2 <2 <2 <2 >3

Parabuthus spp. South Africa 2 <2 >4 <2 >2

Tityus bahiensis Brazil 3 <3 3 <3 <3

a Results of homologous tests are boxed.

saline) mixed with various amounts of antivenin,
either undiluted or diluted in saline, intraperitoneally
into white mice. The total inoculum received by
each mouse was 0.75 ml. Antivenin, venom and
saline were mixed and allowed to stand for one
hour at room temperature before injection. Mice
which received equal injections of antivenin were
caged together and observed for 24 hours: Survival
at 24 hours was the criterion for neutralization.'
Horse serum and/or saline control tests were

conducted with each neutralization test. The horse
serum tests were conducted because each of the
antivenins utilized consisted of serum from hyper-
immunized horses. Except for absence of antivenin
these tests duplicated neutralization tests in all
aspects of technique.

RESULTS

Results of neutralization tests are summarized
in Table 3. For comparison, the results of each
series of neutralization tests were converted to the
mouse LD50 neutralized by 1 ml of antivenin.

In those cases where the antivenin was of sufficient
potency so that 0.5 ml or less would protect
50% or more of the mice against 2 mouse LD50 or
more of venom, a protective dose of antivenin for

1 As preliminary tests had shown that 0.5 ml of undiluted
antivenin would only occasionally neutralize over 2 LD.. of
venom, it was not practical to utilize more than two or three
dilutions of antivenin in neutralization tests.

50% of the mice (PD50) was calculated. At this
dosage of antivenin, therefore, all but one mouse
LD50 was neutralized and the number of mouse
LD50's neutralized by 1 ml of antivenin was
obtained by multiplication.

In other cases, where the potency of the antivenin
was so low that a PD50 of antivenin could not be
calculated, the number of LD50's neutralized by
the given dosage of antivenin was assumed to be
less than the number of LD50's injected minus 1.
As in the previous cases, this quantity was then
multiplied by the reciprocal of the antivenin dosage
to obtain an upper limit for the number of LD50's
neutralized by 1 ml of antivenin. The results are
recorded as < 8, < 5, etc. in Table 3.

In some cases the lowest dosage of antivenin used
protected more than 50% of the mice. In these
instances it was assumed that the number of LD50's
neutralized by the smallest amount of antivenin
used was more than the number of LD50's injected
minus 1, and this quantity was also multiplied by
the reciprocal of the antivenin dosage to obtain a
lower limit for the number of LD50's neutralized by
1 ml of antivenin. These results are recorded as
> 17, > 9, etc. in Table 3.
In a small number of cases, only 10%-20% of

the mice were protected by the maximum dosage
of antivenin. These results are recorded as " trace ".
No mice survived in the horse serum and saline

control tests conducted concurrently with each
neutralization test.
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SUMMARY AND CONCLUSIONS

Several instances of cross-protection occurred,
and in some tests heterologous antivenins were more
effective than homologous antivenins in protecting
white mice against effects of venom injections. The
following points were of particular interest.

1. An antivenin produced with venom of the
Turkish scorpion Androctonus crassicauda was more
effective than a homologous antivenin in neutra-
lizing venom of the Algerian species Androctonus
australis, and was equal to homologous antivenins
in neutralization of venoms of the Southern-
European-North-African Buthus occitanus, and the
South American species Tityus serrulatus and T.
bahiensis.

2. An antivenin produced against venoms of
Mexican species of genus Centruroides was as

effective as a homologous antivenin in neutralizing
venom of the South American scorpion Tityus
bahiensis. It was also effective in neutralizing venom
of the closely related T. serrulatus. Furthermore, it
was as effective as a homologous antivenin in neutra-
lizing venom of Buthus occitanus.

3. One millilitre of each of the five antivenins
tested neutralized 2 LD50 or more of the venoms
of the Algerian scorpion Androctonus australis,
the south African Parabuthus, and the South Ame-
rican Tityus bahiensis.

4. Three of the five heterologous antivenins
tested gave some protection against venom of
Centruroides sculpturatus from Arizona, USA.

5. Only a homologous antivenin gave more than
a "trace" of protection against venom of the
Turkish Androctonus crassicauda.
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RxDt&sumI

L'int6ret que l'on porte actuellement a la preparation
de s6rums anti-venins polyvalents pour le traitement des
morsures et piqtures, a conduit les auteurs a examiner
l'efficacit6 et la paraspecificite de cinq serums anti-venins
de scorpion provenant de diverses regions geographiques
(Turquie, Union Sud-Africaine, Algerie, Mexique,
Br6sil). Des tests de neutralisation sur la souris blanche
ont et6 effectues avec les venins de huit especes de scor-
pions appartenant aux genres Androctonus, Buthus,

Tityus, Parabuthus, Centruroides, provenant des pays
pr6cites ainsi que des Etats-Unis d'Am6rique.

Les resultats des tests, rapport6s en detail par les
auteurs, montrent qu'il y a eu plusieurs cas de protection
croisee et que, dans certains tests, les antivenins hetero-
logues 6taient plus efficaces que les homologues. Ces
recherches sont une premiere 6tape vers la production
d'antivenins polyvalents utilisables dans toutes les parties
du monde.
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