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Immunization of mice with detoxified scorpion toxins

Induction of neutralizing antibodies
in mice immunized with scorpion toxins
detoxified by liposomal entrapment
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Abstract

The possibility of producing neutralizing antibodies against the lethal
effects of scorpion toxins was evaluated in the mouse model by
immunization with an immunogen devoid of toxicity. A toxic fraction
(5 mg) from the venom of the scorpion Tityus serrulatus was en-
trapped in sphingomyelin-cholesterol liposomes. The liposomes were
treated for 1 h at 37oC with a 1% (w/w) trypsin solution in 0.2 M
sodium carbonate buffer, pH 8.3. This treatment led to a strong
reduction in venom toxicity. Immunization was performed as follows:
mice were injected sc with 20 µg of the liposome-entrapped toxic
fraction on days 1 and 21 and a final injection (20 µg) was adminis-
tered ip on day 36. After injection of the immunogen, all mice
developed an IgG response which was shown to be specific for the
toxic antigen. The antibodies were measured 10 days after the end of
the immunization protocol. In an in vitro neutralization assay we
observed that pre-incubation of a lethal dose of the toxic fraction with
immune serum strongly reduced its toxicity. In vivo protection assays
showed that mice with anti-toxin antibodies could resist the challenge
with the toxic fraction, which killed, 30 min after injection, all non-
immune control mice.
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Scorpion venom contains neurotoxic pro-
teins that exert potent noxious effects on
victims of scorpion stings (1). These proteins
produce a complex pattern of clinical symp-
toms due to perturbation of the nervous,
cardiovascular and respiratory systems (2).
The specific medical treatment for enveno-
mation by scorpions is the use of antisera,
which are usually prepared in horses by in-
oculation with extracts of ground venom
glands or with crude venom (3). Previous
studies have shown the advantage of using
the toxic fractions of Androctonus australis
Hector (4) and Tityus serrulatus (5) as im-

munogens. Therefore, the immunization of
animals with such toxic substances for the
production of antibodies is a serious prob-
lem. The present study reports the induction
of neutralizing antibodies against Tityus
serrulatus venom by immunizing mice with
a non-toxic immunogen. The toxic antigen
was presented to the immune system in lipo-
somes since the physical entrapment of tox-
ins was expected to attenuate their noxious
effects and the immunoadjuvant properties
of liposomes are well documented (6,7).

Venoms from the mature scorpion Tityus
serrulatus were provided by the Poisonous
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Animal Section, Fundação Ezequiel Dias
(FUNED), Belo Horizonte, Brazil. The toxic
fraction of crude T. serrulatus venom
(TstFG50) was separated by Sephadex G-50
chromatography according to Miranda et al.
(8). The toxic activity of the chromatographic
fractions was assayed by subcutaneous (sc)
injections into CF1 mice provided by the
FUNED Animal House. After lyophilization
the TstFG50 was dissolved to 5 mg/ml in
phosphate-buffered saline (PBS) and used
for liposome preparation, ELISA or toxicity
assays. Sphingomyelin-cholesterol liposomes
were prepared according to the method of

Szoka and Papahadjapoulos (9), as previ-
ously described (5). TstFG50 (5 mg/ml) was
used as antigen and BSA (5 mg/ml) as con-
trol. The extent of protein incorporation was
assessed by the method of Lowry et al. (10)
for the determination of protein in the start-
ing solution and in the supernatant after
centrifugation of the liposomes (1000 g for
20 min). Liposomes prepared as above were
treated for 1 h at 37oC with a 1% (w/w)
trypsin solution in 0.2 M sodium carbonate
buffer, pH 8.3. Before and after the enzy-
matic treatment, liposomes were washed by
centrifugation 3 times in the digestion buffer.
Liposome preparations were kept at 4oC.

The toxicity of liposome preparations was
assayed using naive CF1 mice (4 animals per
group), which received sc injections of PBS
containing increasing quantities of liposomes
and 1 mg aluminum hydroxide. Incorpora-
tion of TstFG50 into sphingomyelin-choles-
terol liposomes, a method derived from phase
evaporation (6), was an efficient procedure
for the reduction of initial toxicity of this
antigen to five times its initial value. The
quantity of liposome-entrapped TstFG50
equivalent to 3 LD50 (20 µg) could be admin-
istered to naive CF1 mice without killing the
animals. In an attempt to improve the detoxi-
fication procedure, TstFG50 liposomes were
also treated with trypsin. The resulting tryp-
sin-treated liposomes were devoid of any
measurable toxicity, i.e., it was not possible
to elicit poisoning symptoms at doses equiva-
lent to 20 LD50 = 130 µg of TstFG50, con-
sistent with the possibility that some exter-
nally adsorbed toxin had contributed to the
toxicity of the initial standard preparation of
TstFG50 liposomes. Similar or even better
detoxification levels have been reported by
New et al. (6) using snake venom as antigen.

The ability of these liposome prepara-
tions to elicit a protective immune response
was evaluated in mice. Immunization was
performed as follows: after collection of pre-
immune sera by retroorbital puncture, a group
of 15 CF1 mice (group A) were injected sc
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Figure 1 - Anti-TstFG50 reactivity of sera of CF1 mice immu-
nized with liposomes. Group A (N = 15) mice received the
TstFG50 liposomes, group B (N = 15) received trypsin-
treated TstFG50 liposomes and group C (N = 15) received
BSA-liposomes as control. ELISA was carried out on polyvi-
nyl microtiter plates (Hemobag Produtos Cirúrgicos Ltda.,
Ribeirão Preto, SP, Brazil) coated overnight with 100 µl
(standard volume) of a 5 µg/ml solution of TstFG50 in car-
bonate buffer, pH 9.6. The plates were washed with 0.05%
Tween-saline (wash buffer, WB) and the blocking solution
(2% casein in PBS) was added. The plates were incubated
for 1 h at room temperature and washed 6 times. Mouse
sera diluted 1:100 in dilution buffer (PBS, 0.25% casein,
0.05% Tween 20) were added and the plates were incu-
bated for 1 h at room temperature. Peroxidase-coupled anti-
mouse IgG (Sigma, diluted 1:1000) was added (1 h at room
temperature). The wells were washed with WB and 100 µl
of an o-phenylenediamine solution (0.33 mg/ml in citrate
buffer, pH 5.2, in the presence of 0.04% hydrogen perox-
ide) was added. The reaction was stopped after 10 min by
the addition of 20 µl of a 1:20 dilution of sulfuric acid and
absorbance was determined at 492 nm with a Titertek
Multiscan plate spectrophotometer. All measurements
were made in duplicate. Data are reported as means ± SD.
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with 20 µg of the liposome-entrapped toxic
fraction in 1 mg aluminum hydroxide (day
1). Similar booster injections were adminis-
tered 21 days later. The final injection (20
µg) was administered intraperitoneally on
day 36. Mice of group B received trypsin-
treated liposomes containing 20 µg of the
TstFG50 antigen, using the same protocol as
above. The control group (group C) received
liposome-entrapped BSA (20 µg per injec-
tion). Immune sera were collected on day 46.
When the sera of mice subjected to the im-
munization protocol were analyzed by ELISA
for their reactivity towards the TstFG50 frac-
tion (Figure 1), it was apparent that each
mouse serum (groups A and B) displayed
consistent immunoreactivity with the
TstFG50 fraction added to the microtiter
plate, while sera from control mice did not
react.

Finally, the capacity of circulating anti-
bodies of immunized mice to neutralize
TstFG50 was determined both in vitro and in
vivo. For in vitro neutralization assays, pre-
incubation (1 h at 37oC) of three LD50 of the
TstFG50 with a pool of 50 µl immune sera
from group A (N = 4, mean A492 nm = 1.179),
group B (N = 4, mean A492 nm = 1.103) or
group C (control) followed by injection into
naive CF1 mice (four animals per group)
considerably reduced the toxicity of the toxic
fraction. In group A all mice survived and
50% of group B survived the same dose.
This observation was confirmed by in vivo
experiments in which immunized mice re-
sisted a sc challenge with TstFG50. The
results of these experiments are reported in
Table 1. Mice from groups A and B fully
resisted injection of 3 LD50 of the toxic
fraction. In group A all mice survived a
challenge of 10 LD50 and only one mouse
from group B died with the same dose. How-
ever, only half of group A and B mice sur-
vived the high dose of 15 LD50.To better
appreciate the efficacy of this protection, it
should be remembered that the average
amount of venom that one Tityus serrulatus

scorpion delivers under laboratory condi-
tions was found to be 0.25 ± 0.10 mg dried
venom and that the TstFG50 is approxi-
mately 45% of the whole venom. Thus, one
average scorpion sting corresponds to 10-15
LD50, suggesting that immune mice prob-
ably resist a real scorpion sting.

In conclusion, these results are encourag-
ing in that they show that protective antibod-
ies against scorpion toxins can be elicited in
laboratory animals by using an immuno-
genic form of the venom which was devoid
of toxicity by entrapping it into liposomes
and subsequent treatment with trypsin.
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Table 1 - In vivo protection experiments.

Groups of four mice from the three immunization
groups received subcutaneously 3 LD50 (experi-
ment 1), 10 LD50 (experiment 2) or 15 LD50 (ex-
periment 3) of TstFG50, 10 days after the third
immunization. Group A had been immunized with
TstFG50 liposomes and group B with trypsin-
treated TstFG50 liposomes. Control groups (C) had
been immunized with BSA liposomes. Anti-
TstFG50 antibodies were measured in individual
mice and are reported as the average of four ELISA
determinations. The mice were grouped randomly.
Surviving mice were counted 24 h after injection.
The LD50 of the TstFG50 used throughout the
study was 6.5 µg per 20 g mouse (sc injection into
CF1 mice).

Experiment Mice Anti-TstFG50 Surviving
antibodies mice
(A492 nm)

1 Group A 1.187 4/4
Group B 1.121 4/4
Group C 0.020 0/0

2 Group A 1.171 4/4
Group B 1.177 3/4
Group C 0.007 0/4

3 Group A 1.177 2/4
Group B 1.180 2/4
Group C 0.025 0/4
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