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THE ENVENOMATION BY TITYUS SERRULATUS SCORPION
VENOM IN THE RAT: AGE AND SEX INFLUENCE
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ABSTRACT: This study was designed in order to investigate possible differ-
ences between the LD5B0 values obtained in adult and new-ablactate
male rats and the influence of sex on the development of the lung ede-
ma induced by Tityus serrulatus scorpion whole venom. The scorpion
venom LD50 (by intravenous route) obtained in adult and new-ablactate
male rats were similar. Intravenous injection of scorpion whole venom,
in both male or female rats, also induced a similar lung edema whereas
rats ovariectomized and treated with estrogen developed a more severe
edema. It is suggested that estrogen treatment may facilitate the lung
edema development.

KEYWORDS: Scorpion venom, lung edema, LD50 in rats, ovariectomy.

INTRODUCTION

The scorpion Tityus serrulatus posses a powerful venom which may cause, in
human adults, a very painful response with maore or less noticeable systemic ef-
fects of transient character. Even in these cases there may not exist serious danger
of death, unless the victim is a very tiny child®.

Intravenous injection of scorpion whole venom 124 or of scorpion purified toxin
(tityustoxin) in rats causes lung edema 9. This effect is due, at least in part, to
severe cardiovascular alterations and to the release of catecholamines and kinins,
that increase the pulmonary vascular permeability’'?. Irregular and deep respi-
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ration, increase of bronchial secretion and tachypnea are among the more fre-
quent symptoms of the poisoning 7 Apnea is one of the more frequent causes
of death®.

Azevedo et al? observed that the pulmonary edema induced by tityustoxin (1.0
mglka) is more severe in female than in male rats; all rats that died due to the
toxin effects were female and showed hemorragic lung edema.

The present study was designed: (a) to observe the changes in the lung ede-
ma caused by scorpion whole venom in male rats and in normal or ovariectomized
female rats treated or not with estrogen or progesterone; (b) to determine if young
rats are more susceptible to the venom lethal effects.

MATERIAL AND METHODS

Genetically similar adult Wistar female and male rats (180-250g, 2 or 3 months
old) and newly-ablactated male rats were used. Upon their arrival in the laborato-
ry (5 days before the beginning of the experiments), the rats were grouped, 5 per
plastic cage (40x34x17 cm) with free access to food and water.

The following substances were used: 17- beta- estradiol (Benzoginoestril-
SARSA), progesterone (Depo-Provera — Upjon) and peanut oil. The lyophilized
Tityus serrulatus scorpion venom from the Instituto Butantan, Sdo Paulo, Brazil,
was stored at -20°C and dissolved in 0.9% NaCl, in the concentration of 6.0
mg/ml. Solutions used in the experiments were diluted immediately before the
injection in the tail vein.

1. Influence of age on the lethality induced by scorpion whole venom.

Venom dose-response curves were constructed for new-ablactate and adult
male rats. Different doses of venom were injected intravenously to six rats of each
group. As control, six adult or new-ablactate rats of each group received NaCl
0.9% (1 ml/kg, iv). The animals were observed for 24 hr. The number of animals
that died was recorded. The method proposed by Litchfield and Wilcoxon''was
used to construct dose-response curves, to determine the dose causing death
in 50% of the animals used (LD50) and to test for parallelism between the curves
obtained.

2. Influence of sex on the scorpion venom-induced lung edema.

Sixty female rats were ovariectomized at 55-60 days of age: rats were anesthe-
tized with pentobarbital plus ether; an incision of 1 cm was performed bilaterally
in the dorsal region of the animal body, close to the last rib and the ovaries were
removed. Starting twenty-one days after surgery, the rats were divided into three
groups that were treated once a day for 5 days with 17-beta-estradiol (0.25
mglday), progesterone (1.0 mg/day) or peanut oil (0.2 ml/day) subcutaneously.
In the morning of the 6th day each group was divided at random in two subgroups
which received intravenously 0.9% NaCl or 0.4 mg/kg of scorpion venom.

One group of 10 normal female rats received 0.4 mgl/kg of scorpion venom
and another group of 11 normal female rats received 0.9% NaCl solution. And
finally, one group of 10 male rats received 0.4 mg/kg of scorpion venom and
another group of 9 males received 0.9% NaCl solution.

Sixty minutes after the injection of scorpion venom or 0.9% NaCl solution (con-
trol groups), the rats were anesthetized with ether and exsanguinated. The lungs
were removed free from the trachea and weighed. The severity of the pulmonary
edema was estimated through the lung/body index which was calculated by mul-
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tiplying the lung weight by 100 and dividing the result by the body weight®. The
data obtained were subjected to the ANOVA analyses of variance followed by Dun-
can’s test. Significant differences were considered at the level of p < 0.05.

RESULTS

1. Influence of the age on the lethality induced by scorpion whole venom.

The Table 1 shows the LD50 values obtained in the new-ablactate (0,63 mg/kg)
and in the adults (0.56 mg/kg) rats. It was not observed a significant difference
between both values.

Few seconds after the iv. administration of different doses of venom, the rats
started to show the symptoms of envenomation: excessive lacrimal and salivary
secretions, tremors, locomotion difficulty, cyanosis, prolonged periods of apnea,
muscular spasms, convulsions, and death. The appearance of symptoms was dose
dependent.

TABLE 1

Determination of the LD50! of the scorpion whole venom in new-ablactate or
adult male rats (iv., 24 h observation).

Group of rats LD50 Slope? LD50 ratio
(mglkg)

New-ablactates 0.63 1.42

(0.48-0.82) (1.00-2.02)

1.125

Adults 0.56 1.78

(0.37-0.87) (0.86-3.67)
1 — dose causing death in 50% of the rats used. 95% confidence limits in

parenthesis.

2 — Slopes of the dose-response curves.

2. Influence of sex on the scorpion venom-induced lung edema.

As may be seen in Table 2, scorpion venom (0.4 mg/kg) induced a similar pul-
monary edema into normal male and female rats (p > 0.05). The group of ovariec-
tomized rats treated with vehicle and injected with scorpion venom did not differ
from that of ovariectomized rats treated with vehicle and injected with 0.9% NaCl
(p < 0.0B). Table 2 also shows that the ovariectomized rats treated with progester-
one did not present lung edema after the injection of scorpion venom (0.4 mg/kg).
However, the administration of the same dose of scorpion venom to estrogen treat-
ed ovariectomized rats induced pulmonary edema (p < 0.05) that was more in-
tense than that observed in male, ovariectomized and normal female rats (p <
0.05, Table 2). Actually, 26.5 per cent of the ovariectomized rats treated with venom
(plus vehicle, estrogen or progesterone) died between 10-24 minutes after ven-
om injection i.e. before the sacrifice time. However, it was not possible to estab-
lish a correlatipn between the severity of the lung edema and the period after which
death occurred.
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TABLE 2

Lung/body index measured after the iv. injection of scorpion whole venom

(0.4 mglkg) in normal male and fermale rats or ovariectomized rats treated

during 5 days with vehicle (peanut oil, 0.2 mi/day), estrogen (0.25 mg/day)
or progesterone (1.0 mg/day).

Experimental Number Lung/body
conditions of rats index (mean * SEM)

Mormal male rats

0.9% NaCl 09 0.47 = 0.02
scorpion venom 10 0.64 £ 0.05*
Normal female rats
0.9% NaCl 11 0.47 * 0.01
scorpion venom 10 0.61 £ 0.03"
Ovariectomized rats
vehicle + 0.9% NaCl 07 0.56 £ 0.01
vehicle + scorpion venom 09 0.61 £ 0.02
estrogen + 0.9% NaCl 09 0.56 = 0.02
estrogen + scorpion venom 13 0.77 £ 0.06*#
progesterone + 0.9% NaCl 10 0.55 £ 0.02
progesterone + scorpion venom 12 0.57 * 0.02

* — significantly different from its respective control group (p < 0.05, ANOVA
and Duncan’s test). ‘

# — significantly different from male, ovariectomized and normal female groups
treated with scorpion venom (p < 0.05, ANOVA and Duncan’s test).

DISCUSSION

When inoculated by subcuteneous, intraperitoneal or intravenous route the scor-
pion venom is rapidly absorved. Thus, the signs and symptoms of the envenom-
ation are rapidly consolidated. However, the concentration needed for obtainning
the same effects by the three routes are sensibly different. For this reason the
venom LD50 was determined by the intravenous route since a smaller guantity
of venom was necessary to cause death.

It is known that the venom quantity that the scorpion T. serrulatus can inocu-
late in their victims is small. In this way, Bucherl 4 reported the extraction of a
maximum of 4 mg of venom per escorpion through electric shock. It is belived
that this is the reason for the benignity the accidents in adults. As the values of
the LD50 obtained in adult male and in new-ablactate rats did not show differ-
ences, it seems that the major severity observed of the accidents in children is
really induced by the greater quantity of venom inoculated per kilo of weight.

Also relevant are the effects on the animal respiratory apparatus. Thus, it has
been reported that injection of scorpion whole venom312.14 or tityustoxin® induced
lung edema. The present study showed that the lung edema obtained in normal
male and fermale rats, injected with T. serrulatus scorpion venom (0.4 mg/kg i.
v.) was similar. These data are in opposition to the observations of Azevedo et
al 2, The use of a purified toxin, tityustoxin, and/or the estrus cycle phase of the
normal females involved in the study could be responsible for this discrepancy.
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The presence of lung edema induced by scorpion venom was observed after
the estrogen replacement in ovariectomized rats. This edema was more intense
than the one devoloped by normal or ovariectomized femele and male rats.

It has been also showm that scorpion venom administration causes an
hemodynamic effect characterized by an abrupt and dramatic rise of systemic ar-
terial pressure (afterload) due to the release of catecholamines with stimulation
of alpha adrenergic receptors; this effect plays an important role in the pathogen-
esis of acute pulmonary edema®. This acute arterial hypertension would evoke
a left ventricular failure and pulmonary edema®. A relative and temporary my-
ocardial hypoxia caused by catecholamines released by the venom toxins could
also play a role in the ventricular failure!.2.

Another factor contributing to the genesis of the pulmonary edema would be
an increase in the blood venous return. This would induce an increase in preload
leading to pulmonary congestion®.

The effect of estrogens inducing retention of salt and water'? associated with
the scorpion venom effect could explain the potentiation of the lung edema ob-
served in estrogen treated ovariectomized rats. Thus, estrogen induced hydric reten-
tion could contribute to a ventricular overloading, causing a potentiation of the
lung edema.

In conclusion, the results of the present work show that age does not alter the
LD 50 of the scorpion venom in rats but they point to the fact that estrogen can
potentiate venom effects, so female rats in estrus phase appear to be more sus-
ceptible to the venom. Therefore, it seems worthwhile to proceed the study of
the scorpion envenomation of rats in the different phases of the physiological es-
trus cycle.
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RESUMO: Este trabalho teve por objetivo determinar se ha diferenca entre
as DL50 do veneno bruto do escorpido T. serrulatus obtidas em ratos
machos adultos e recém-desmamados e se ha influéncia do sexo no
desenvolvimento do edema pulmonar induzido pelo mesmo veneno. As
DL50 obtidas para ratos machos adultos e recém-desmamados foram
similares. A injecdo endovenosa do veneno induziu edema pulmonar
semelhante em ratos machos e fémeas normais, enquanto ratas ovariec-
tomizadas e tratadas com estrogeno desenvolveram um edema pulmo-
nar mais intenso. Os dados sugerem que o tratamento com estrégeno
pode facilitar o desenvolvimento do edema pulmonar.

UNITERMOS: Veneno de escorpido, edema pulmonar, DLB0 ern ratos,
ovariectomia.
REFERENCES

1. ALMEIDA, HO., LIMA, EG., FREIRE-MAIA, L. Mechanism of the acute pul-
monary edema induced by intracerebroventricular injection of scorpion tox-
in (tityustoxin) in the unanesthetized rat. Toxicon, v. 14, p. 435-440, 1976.

9



SANDOVAL, M.R.L., DORCE, V.AC. The evenomation by Tityus serrulatus scorpion venom in the rat:

2

10.

(515

12.

13.

14.

10

o o » W

age and sex influence. Mem. Inst. Butantan, v. 65, n.1, p. 5-10, 1993.

AZEVEDQO, A.D., SILVA, A.B., CUNHA-MELO, J.R., FREIRE-MAIA, L. Cardi-
ovascular and respiratory effects induced by a purified scorpion toxin
(tityustoxin) in unanesthetized rats. Toxicon, v. 21, p. 763-759, 1983.

BERTKE, E.M., ATKINS, J.H. Effects of Centruroides sculpturatus venom
upon rat tissue: a histopathologic study. Toxicon, v. 2, p. 205-209, 1964.

BUCHERL, W. Escorpionismo no Brasil. Mem. Inst. Butantan, v. 34, p. 9-24,
1969,

. Venomes of Titynae. In: BETTINI, S., ed. Arthropods venoms.

Berlin: Springer — Verlag, 1978. v. 14., p. 371-394,

. Classification, biology and venom extraction of scorpions. In:

BUCHERL, W., BUCKLEY, E., ed. Venomous animals and their venoms.
NMew York: Academic Press, 1978. v. 3, p. 317-347.

FREIRE-MAIA, L., CAMPOS, J.A. On the treatment of the cardiovascular
manifestations of scorpion envenomation. Toxicon, v. 25, p. 125-130,
1987.

. Patophysiology and treatment of scorpion poisoning. In: OWN-

BY, C.L., ODELL, G.V., ed. Natural toxins. Oxford: Pergamon Press, 1989.
pn. 139-159.

FREIRE-MAIA, L., ALMEIDA, H.O., CUNHA-MELO, J.R., AZEVEDO, A.D.,
BARROSQO, J. Mechanism of the pulmonary edema induced by intravenous
injection of scorpion toxin in the rat. Agents Action, v. 8, p. 113-118,
1978.

GUERON, M., OVSYSHCHER, I. What is the treatment for the cardiovascu-
lar manifestations of scorpion envenomation? Toxicon, v. 25, p. 121-124,
1987.

LITCHFIELD, J.T., WILCOXON, F. A simplified method of evaluating dose-
effect experiments. J. Pharmacol. exp. Ther., v. 96, p. 99-113, 1949

MAGALHAES, D. Escorpionismo. Ill. An. Fac. Med. B. Horizonte, v. 4, p.
1-84, 1935.

MURAD, F., HAYNES-JR., R.C. Estrogen and progestins. In: GILMAN, A.G.,
GOODMAN, L.S., RALL, T.W., MURAD, F., ed. The pharmacological basis
of therapeutics. New York: MacMillan, 1985. p. 1412-1439.

ROSSI, M.A., FERREIRA, A.L., PAIVA, S.M. Fine structures of pulmonary
changes induced by Brazilian scorpion venom. Arch. Pathol., v. 87, p.
284-288, 1974.



