Dorce et al. Journal of Venomous Animals and Toxins including Tropical Diseases 2014, 20:4

http://www.jvat.org/content/20/1/4

Journal of
Venomous Animals and Toxins
including Tropical Diseases

Mild reproductive effects of the Tityus bahiensis

scorpion venom in rats

Ana Leticia C Dorce'”, Valquiria AC Dorce' and Ana Leonor A Nencioni'

Abstract

liver weight in GD10.

in future studies.

Background: Scorpion envenoming is a public health problem in Brazil, where Tityus serrulatus and T. bahiensis
are considered the most dangerous scorpions. They are well adapted to urbanized environments, and there is an
increasing probability of human exposure to these venoms, including during pregnancy. Not much is known
about the effects of prenatal exposure to the venom, and no information is available to aid in the rational
treatment of victims stung during pregnancy. Thus, this study aimed to investigate whether venom from the
scorpion T. bahiensis administered once to pregnant female rats at a dose that causes a moderate envenomation
may lead to deleterious effects on the reproductive performance of the dams and on the development of their
offspring. This is the first work demonstrating that T. bahiensis venom, when administered experimentally to rats,
alters maternal reproductive performance and the morphological development of fetuses. The venom was given
to dams on the 5th (GD5) or on the 10th (GD10) gestational day. After laparotomy, on GD21, fetuses and placentas
were counted, weighed and externally analyzed. The corpora lutea were counted. The sex and vitality of fetuses were
evaluated, and each litter was then randomly divided for visceral or skeletal analyses. Data were analyzed by ANOVA
followed by the Tukey-Kramer test and Fisher's exact test. The significance level for all tests was set at p < 0.05.

Results: GD5 group presented an increased number of pre-implantation losses. Weight gains in fetuses and placentas
were observed in the GD5 and GD10 groups. Weights of the heart and lungs were elevated in GD5 and GD10 and

Conclusions: Moderate envenomation by T. bahiensis scorpion venom alters maternal reproductive performance
and fetal development. However, these are preliminary results whose causes should be investigated more carefully

Keywords: Scorpion venom, Tityus bahiensis, Pregnancy, Reproductive development, Embryofetotoxicity

Background

Scorpions are dangerous animals distributed worldwide
whose stings are considered a severe health problem. In
Brazil, the dangerous scorpions belong to the genus Tityus
(Arachnida class, Scorpiones order, Buthidae family) and
comprise mainly the species T. serrulatus, T. stigmurus
and T. bahiensis [1]. T. serrulatus (Lutz and Mello, 1922)
is widespread in the southeastern region of Brazil and is
not only responsible for most accidents but also the most
severe cases mainly due to the high toxicity of its venom.
The literature presents several subsequent studies con-
cerning the venom and its toxins [1]. T. bahiensis can also
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be found in the same region and Lourenco et al. [2]
showed that its venom presents some characteristics
different from those of T. serrulatus, including convulsive
properties. Such scorpion accidents happen frequently
and with severity, especially among children and the
elderly [3,4].

Human activity that leads to an increase in trash and
waste attracts insects and spiders, the main prey of scor-
pions, while the possibility of occupancy of niches inside
human dwellings causes an overlapping of the human and
scorpion populations, thereby increasing the probability of
incidents, where the possibility of envenomation of preg-
nant women is great [5].

Scorpion stings are characterized by intense local pain
and, in some cases, by systemic effects. These include lung
edema, partially due to severe cardiovascular alterations
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and to the release of catecholamines and kinins. Increas-
ing pulmonary vascular permeability and complex respira-
tory arrhythmias such as tachypnea, hyperpnea, periodic
respiration and respiratory paralysis, resulting from the
stimulation of afferent visceral receptors or, alternatively,
due to the action of the venom on the central nervous sys-
tem, are also observed [2,6-11].

Scorpion venoms are composed of neurotoxins that
affect sodium channels, or block potassium channels
[12,13]. In both cases, the consequence is an increase in
neurotransmitter release from neurons [14-16]. The
scorpion sting produces tissue injury that can induce a
systemic inflammatory response with the consequent re-
lease of cytokines [17]. It also stimulates the release of
catecholamines, bradykinins and prostaglandins, which
induce the release of IL-1 and IL-6 [18].

Although there have been several studies concerning the
effects and the action mechanism of such venoms and their
toxins, it is not well known whether they cause any harm
to the offspring of mothers who have been stung during
pregnancy, either accidentally or experimentally [19-24].

It is possible that the venom affects embryo development
due to its effects on the release of chemical mediators such
as neurotransmitters, growth factors and cytokine, all of
which interfere in the course and regulation of pregnancy.

Studies have demonstrated that 7. serrulatus scorpion
venom evokes subtle alterations in reproductive parame-
ters and fetal morphology [21,22] and that the venom of
T. bahiensis elicits alterations in physical and reflexology
development in the perinatal period and in the behav-
ioral and neuronal development of offspring in adult
life [23,24].

Since the respective venoms of T. serrulatus and T.
bahiensis present some differences in the envenomation
process, specific studies on 7. bahiensis venom similar
to those conducted on 7. serrulatus venom are required
to verify whether this venom causes some alterations in
the reproductive performance and embryo develop-
ment [21,22].

Thus, the present study was designed to investigate
whether the venom of the scorpion 7. bahiensis admin-
istered once to pregnant female rats at a dose that
causes a moderate envenomation may lead to deleterious
effects on the reproductive performance of dams and on
the development of their offspring.

This is the first work that demonstrates impairment in
the maternal reproductive development and in the
morphology of fetuses after the injection of T. bahiensis
scorpion venom during pregnancy.

Methods

Animals, mating and pregnancy diagnosis

Male (n = 15) and female (n = 30) Wistar rats (250-270 g)
were housed under controlled conditions: 12-hour light/
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dark cycle (lights on at 7 a.m.) and air-conditioned at 22 +
2°C, water and food were provided ad libitum throughout
the experimental period.

After acclimatization for one week, two female rats were
placed together with one male in the afternoon. On the
morning of the following day, females showing evidence of
mating (vaginal plug or vaginal smear with sperm cells)
were randomly assigned to the study groups (n = 10). This
day was recorded as gestation day 0 (GDO). During gesta-
tion, two dams were housed per plastic cage (40 x 50 x
20 cm). All the experimental procedures were conducted
with prior permission of the institution’s Ethics Committee
for Experiments on Animals (Protocol no. 513/08).

Venom and solution

The venom, supplied by the Venom Commission of the
Butantan Institute, had been obtained from the Arthro-
pod Laboratory by electrical stimulation of the telson of
mature T. bahiensis scorpions. It was lyophilized imme-
diately after extraction and kept at —20°C. Before use, it
was dissolved in 1.46% (w/v) NaCl and maintained in
ice. T. bahiensis venom is soluble in saline only at this
concentration.

Treatment

To mimic natural accidents, females received a single
subcutaneous injection of 2.5 mg/kg of reconstituted T.
bahiensis venom on the 5th (GD5) or 10th (GD10) ges-
tational day. The control group received subcutaneous
injection of 1.46% (w/v) NaCl on both days. The sub-
cutaneous route was chosen since it may better simulate a
naturally occurring scorpion sting. The venom dose used
was chosen because, in previous studies performed in our
laboratory, it caused a mild envenomation without rat
death. The symptoms of this dose were compared in rela-
tion to local pain, respiratory perturbation and increased
lacrimal and salivary secretions, which are mainly obser-
ved in moderate to severe scorpion poisoning.

Reproductive parameters

The dams were weighed on GD0O, GD5, GD10, GD16
and GD21. On GD21, females were deeply anesthetized
with carbon dioxide (CO,) and submitted to laparotomy
for sectioning of the ovaries and uterus. The gravid
uterus was weighed. The uterine horns were cut, and the
fetuses and their placenta were removed, weighed and
examined for gross abnormalities. The vitality of fetuses
was verified immediately after the withdrawal of the
uterus (fetal movement after mechanical stimulation).
The numbers of implantation sites, resorptions, and dead
and live fetuses were recorded in both uterine horns. The
ovaries were dissected and the number of corpora lutea
was recorded. The pre-implantation losses (number of
corpora lutea minus number of implantations/number of
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corpora lutea) and post-implantation losses (number of
implantations minus number of live fetuses/number of
implantations) were calculated.

After euthanasia, half of each litter was fixed in Bouin’s
solution for subsequent macroscopic visceral examin-
ation by the Wilson serial sectioning method [25] in
which the bodies are transversely sectioned with sharp
blades into slices of 1 mm each, in order to analyze the de-
fects and/or visceral anomalies of the following structures:
palate, inner ear, spine, nasal cavity, nasal septum, retina,
cornea, lens, hemisphere, ventricles (brain), salivary gland,
thyroid, esophagus, trachea, thymus, heart, liver, kidney,
bladder, ureter and gonads. The other half of the litter was
eviscerated, fixed in 70% ethanol, cleared with potassium
chloride and stained with alizarin red by the technique of
Staples and Schenell [26].

Briefly, the fetuses were immersed in acetone and after
24 hours the organs were removed. The kidneys, liver,
lungs and heart were weighed. The acetone was replaced
with a solution of 0.8% KOH and alizarin. This solution
was exchanged four times with a minimum interval of
24 hours between exchanges. Then, the solution was
replaced with a bleaching solution (ethanol, glycerin, and
benzyl alcohol PA). The extent of ossification was evalu-
ated using the parameters proposed by Aliverti et al. [27].
Cranial bones, vertebrae, ribs, clavicles, sternum, metacar-
pus, metatarsus, and phalanges were analyzed as to the
presence of anomalies. The pelvic girdle and the forelimbs
and hindlimbs were examined with regard to the deve-
lopment of the long bones. The crown-rump lengths of
fetuses were measured with a vernier caliper.

Statistical analysis

Maternal reproductive parameters (number of implants,
corpora lutea, resorptions, live fetuses, dead fetuses, pre-
implantation loss and post-implantation loss) and the data
on body or absolute and relative organ weight were
analyzed by ANOVA followed by the Tukey-Kramer test.
Skeletal and visceral anomalies and number of ossification
centers were evaluated by the Fisher exact test. The signi-
ficance level for all tests was set at p < 0.05.

Results
Maternal effects
A single dose of T. bahiensis venom (2.5 mg/kg) caused
moderate systemic symptoms, namely increases in respira-
tory frequency and in salivary and nasal secretions, as well
as local pain (increased sensitivity and vocalization to
touch), and rigidity in hind limbs. These symptoms started
approximately 5-10 minutes after the injection and
persisted for 20-30 minutes. After this period, the rats
returned to their normal state.

Treatment with venom on GD5 or GD10 did not affect
maternal body weight gain during gestation (p>0.05 —
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Figure 1). Neither maternal deaths nor other signs of
toxicity, such as differences in food and water intake, were
induced in the rats (Table 1). The general state and activity
did not change in the treated groups, except in the period
after the injection. The length of gestation was not altered
in the experimental groups (births were not anticipated).
The number of fetuses per litter and the sex ratios of the
litters were not significantly different between the control
and experimental groups (p > 0.05 — Table 2). Dead fetuses
were not detected (Table 2).

Effects of Tityus bahiensis scorpion venom, administered on
GD5 and GD10, on maternal reproductive development
The GD5 group dams presented an increase in the number
of pre-implantation losses (Table 2). The other reproduct-
ive parameters showed no significant alterations (Table 2).
However, one dam that received the venom on GD5
showed three pre-implantation losses, three resorptions,
and four dead fetuses. These fetuses were longer than the
other fetuses from GD5; their snouts, paws and heads were
larger than the ones of the other fetuses (Figure 2). How-
ever, this was the only litter presenting such a change, and
it was not included in the statistical analysis. This type of
anomaly was not verified in other control or experimental
offspring. On GD10, no significant alteration was found
(Table 2).

Effects of Tityus bahiensis venom, administered on GD5 and
GD10, on fetal morphology

The GD5 group presented significant weight increases in
fetuses (Table 3) as well as placentas (Table 3), lungs (only
absolute weight) and heart (Table 3). The liver and the
kidneys did not show significant alterations (Table 3).
There were no cases of anomalies or external malfor-
mations (Table 4). Macroscopic visceral analysis demon-
strated that the organs had a normal appearance (Table 4).
Skeletal analysis did not show any alterations in the fetal
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Figure 1 Body weight gain (in grams) of dams treated with
subcutaneous injection of 1.46% (w/v) NaCl (control group) or
2.5 mg/kg Tityus bahiensis scorpion venom on the 5th (GD5) and/
or 10th (GD10) gestational day. Values represent the mean + SEM.
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Table 1 Food and water intake of dams treated with Tityus bahiensis venom (2.5 mg/kg), on the 5th (GD5) or 10th (GD10)

gestational day

Parameter Pregnancy days Control (n=10) GD 5 (n=10) GD 10 (n=10) p values

Food intake (g/day) 1-7 194+04 19.7+0.7 200+04 0.7326
8-14 288+05 286+ 06 284+05 0.8800
15-21 300+04 286+06 285+05 0.8050

Water ingestion (mL/day) 1-7 420+1.7 475+28 475+26 0.1985
8-14 570+£6.8 51.5+£32 51.0+£24 0.5949
15-21 525437 525+30 530+37 0.8131

Data are expressed as the mean + SEM. ANOVA followed by Tukey Kramer. n = number of dams.

bone structure (Table 4) but the crown-rump distances Discussion

were longer than in the control group (Table 3). The
counts of offspring ossification centers did not differ
significantly between the experimental groups and their
controls.

In the GD10 group, significant increases were observed
in the weights of fetuses as well as the placenta, liver, lungs
and heart (Table 3). The kidney did not show significant
alterations. There were no cases of anomalies or external
malformations (Table 4). Macroscopic visceral analysis
indicated that the organs had a normal appearance. In the
skeletal analysis, no alterations were observed in the bone
structure of the fetuses (Table 4). The number of ossifica-
tion centers in sternum, metacarpals, metatarsals, and
phalanges in the offspring of experimental and control
groups did not differ significantly. No malformations
of the pelvic girdle, forelimbs or hind-limbs were ob-
served. Furthermore, no significant difference in the
number of ossification centers was observed between
groups. No wavy ribs, fused ribs, rudimentary rib or
shared vertebrae were observed. The skull bones had
a normal appearance, except for a deformity of the
interparietal bone of the skull. All litters were affected
(Table 4).

The fact that the scorpion species 7. serrulatus and
T. bahiensis are well adapted to urbanized environments
augments the probability of exposure of humans and pets
to these venoms, most perilously during pregnancy [21].
Not much is known about the effects of prenatal exposure
to scorpion venom, and no information is available to aid
in the rational treatment of victims stung during preg-
nancy [22]. Therefore, the present study aimed to assess
the possible toxic effects of T. bahiensis venom on dams
injected with this venom during pregnancy and on the
prenatal development of their offspring.

A single non-lethal dose of the venom was employed
to simulate a natural condition of envenomation. The
intoxication of the dam on a more serious level was
deliberately avoided so as not to compromise any positive
result. The venom injection probably caused some pain to
the animals, as evidenced by vocalization and attempts to
run, which dissipated at 20-30 minutes after the applica-
tion. This behavior was not observed in control dams.

The venom injection was carried out at two different
stages of pregnancy, based on the rat development
period, in accordance with Manson and Kang [28]. The
5th day of gestation corresponds to the end of the

Table 2 Reproductive parameters of pregnant rats treated with Tityus bahiensis venom (2.5 mg/kg) on the 5th (GD5) or

10th (GD10) gestational day

Parameter Control (n=10) GD5 (n=9) GD10 (n=10) p values
Early resorptions/dam 0.36+0.20 0.1£0.10 02+0.13 04133
Implantations/dam 142+ 053 129+ 069 13.0+047 0.0547
Corpora lutea/dam 14.8 £ 044 14.7 £0.59 143+042 0.7099
Live fetuses/dam 133£0.59 129+ 061 12.7+061 0.7647
Dead fetuses/dam 0 0 0 -
Male fetuses/dam 6.7 +0.39 6.1+0.75 6.5+0.54 0.7766
Female fetuses/dam 6.5+062 6.7 +0.62 6.4+ 0.60 0.9544
Uterus weight (g) 99.5+£4.33 952 £6.62 94.8 £ 3.66 0.7662
Pre-implantation losses/dam 0.02+0.01 0.13£0.03* 0.09+0.03 0.0321
Post-implantation losses/dam 0.06 £0.02 0.01£001 0.03£001 0.5353

Data are expressed as the mean + SEM. *Significantly different from control; p < 0.05, ANOVA followed by Tukey Kramer. n = number of dams.
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control

Figure 2 Photograph of skeletal alterations. (A) and (B) Deformity of the interparietal bone of the skull from GD10 group. (C) Longer fetuses
from GD5 group (snout and head). (D) Detail of larger and malformed paw.

-

Table 3 Weights of fetuses, placentas and some internal organs of fetuses from dams treated with Tityus bahiensis
venom (2.5 mg/kg) on the 5th (GD5) or 10th (GD10) gestational day

Weight Control n GD5 n GD10 n p values

Fetal weight (g) 5.10+0.07 133 570+ 0.04* 115 544 +0.04* 129 < 0.0001
Absolute placental weight (g) 049+ 0.01 133 0.54+0.01* 115 0.53+0.01* 129 0.0010
Relative placental weight (%) 931+029 133 9.96£0.21 115 963+0.14 129 0.6443
Absolute liver weight (g) 047 +001 66 0.49£0.01 58 0.58+0.01% 65 < 0.0001
Relative liver weight (%) 863206 66 878+ 187 58 1049+ 1.34* 65 < 0.0001
Absolute lung weight (g) 0.14 £ 0.002 66 0.15+0.003* 58 0.15 +0.002* 65 0.0107
Relative lung weight (%) 259+0.05 66 2.76 £ 0.05% 58 2.79 £ 0.04* 65 0.0510
Absolute heart weight (g) 0.04+0.001 66 0.06+0.001* 58 0.05+0.001* 65 < 0.0001
Relative heart weight (%) 0.83+£0.16 66 1.06 +0.16* 58 093 +0.14* 65 < 0.0001
Absolute kidney weight (g)* 0.04+0.001 66 0.04£0.001 58 0.04£0.001 65 0.5047
Relative kidney weight (%) 069+ 0.02 66 067 +£0.02 58 0.74+0.02 65 0.0746
Crown-rump length (cm) 3.33+£0.02 66 347 +0.02* 46 335+£002 53 0.0002

Data are expressed as the mean + SEM. *Significantly different from control; p < 0.05, ANOVA followed by Tukey Kramer. n = number of fetuses. “Kidneys were

weighed in pairs.
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Table 4 Skeletal and visceral malformations or anomalies of fetuses from dams treated with Tityus bahiensis venom
(2.5 mg/kg), on the 5th (GD5) or 10th (GD10) gestational day

Parameter Control GD5 p values GD10 p values
External malformations

Number of affected fetuses 0/133 2/115 0.2140 0/129 -
Number of affected offspring 0/10 1/10 1.0000 0/10 -
External anomalies

Number of affected fetuses 0/133 0/115 - 0/129 -
Number of affected offspring 0/10 0/10 - 0/10 -
Skeletal malformations

Number of affected fetuses 0/66 0/46 - 0/53 -
Number of affected offspring 0/10 0/10 - 0/10 -
Skeletal anomalies

Number of affected fetuses 10/66 11/46 03255 36/53* < 0.0001
Number of affected offspring 4/10 5/10 1.0000 10/10* 0.0108
Deformity of interparietal bone 10/66 11/46 0.3255 36/53% < 0.0001
Fused ribs 1/66 1/46 1.0000 2/53 0.5848
Shared vertebra 1/66 3/46 0.3036 0/53 1.0000
Rudimentary rib 0/66 0/46 - 1/53 04454
Visceral malformations

Number of affected fetuses 0/67 2/57 0.2093 0/64 -
Number of affected offspring 0/10 1/10 1.000 0/10 -
Visceral anomalies

Number of affected fetuses 1/67 2/57 0.5936 3/64 03579
Number of affected offspring 1/10 2/10 0.2727 3/10 0.3636
Cerebral hemorrhage 1/67 3/57 0.3328 3/64 03579

*Significantly different from control; p < 0.05, Fisher exact test.

blastocyst implantation period in the uterus. Exposure to
harmful substances in this period may lead to embryo
lethality, with rare occurrence of teratogenesis. The 10th
day of gestation coincides with the middle of the orga-
nogenesis period, which consists of a series of processes
culminating in the formation of organs. Substances ad-
ministered during this period may lead to teratogenesis,
when the lesions caused by them enable the survival of
the affected individual, or to embryo lethality, if the lesion
is not compatible with embryo survival [29].

Studies in the literature reveal that some scorpion
venoms are able to cause malformations and/or harmful
effects on the offspring of experimental animals when
the dams are inoculated during pregnancy. Ismail et al. [19]
demonstrated that the venom of Androctonus amoreuxi
caused a large number of fetal resorptions, underweight
fetuses and skeleton defects when injected consecutively
from the ninth to the twenty-first day of gestation in dams.
He also found that the venom of Buthus minax caused
skeleton malformation in goats and induced fetal resorption
in pregnant women stung by this scorpion [19]. Scorpion
venoms also have some effects on uterine contractility

[30-32]. However, in an extensive review of the literature
between the years of 1966 and 2002, Langley [33] found
that no adverse consequences had been reported in either
mother or fetuses in accidents occurring during pregnancy.
Ben Nasr ef al. [20] observed that two scorpion-envenomed
pregnant patients developed intense pelvic pain and vaginal
bleeding, but that neither maternal nor fetal death nor pre-
term fetal delivery was observed among twelve patients.

With regard to Brazilian scorpions, T. serrulatus venom
has been demonstrated to cause some behavioral alter-
ation in reproductive parameters and in fetal development
when injected during pregnancy, whereas 1. bahiensis
venom causes some alterations in offspring development
during the perinatal phase and in adult life [21-24].

Exposure to T. bahiensis venom did not affect the sur-
vival of pregnant females, the length of gestation, the
number of fetuses per litter, or maternal body-weight
gain. One of the obvious signs of maternal toxicity is a
decrease in body-weight gain, which was not observed in
our experiments [34].

Meanwhile, there was an increase in the number of
pre-implantation losses at the end of the blastocyst
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implantation period (GD5 dams group), which can be
explained by the fact that exposure to harmful substances
in this period may be lethal [28]. Blastocyst implantation it-
self elicits an aseptic inflammatory-like reaction in the
endometrium, in which cytokines such as IL-1, IL-11, TNF,
LIF (leukemia inhibitory factor) and IGFBP (insulin-like
growth factor protein) are considered to be significant mod-
ulators of the intrauterine immune phenomena [35,36].
Some works have demonstrated that scorpion venoms
affect cytokines, an alteration that may be responsible for
the losses observed [17,37-39].

An important finding was that a dam that had received
the venom on GD5 presented three pre-implantation
losses, three resorptions, and four dead fetuses. These
fetuses were longer than the other fetuses from GD5;
their snouts, paws and hearts were larger than the
ones from the other fetuses. This might have resulted
from an “all-or-none” effect, a phenomenon commonly
occurring with scorpion venoms in which the effect
may happen in a very strong fashion or not at all.
Although this phenomenon has already been ob-
served in several experiments in our laboratory and
in clinical cases of envenoming, it lacks a clear ex-
planation [22,40].

In relation to fetal development, weight alterations
were observed in fetuses, placenta and some organs, in
both gestational groups (GD5 and GD10).

Among the many metabolic processes performed by the
mammalian placenta, several are considered essential for
proper fetal development. For the fetus, the placenta is a
multifunctional endocrine organ that is a combination of
gastrointestinal tract, kidneys, lungs, liver, spleen and
thymus. The placenta transports nutrients such as amino
acids, vitamins, carbohydrates, lipids and minerals to the
fetal circulation and is responsible for the metabolism of
proteins, carbohydrates, lipids, prostaglandins, nucleic
acids and steroid hormones [41,42]. An increase in pla-
cental weight may indicate an alteration in the metabolism
of these substances, without, however, indicating whether
such a change is benign or harmful [22]. Ben Nasr et al.
[43] suggest that scorpion venom toxins may reach pla-
cental tissues and induce damage but there is no evidence
that scorpion toxins bypass the placenta and reach the
fetus [43].

The fetal weight increase observed in the present study
may be a consequence of an increase in the weight of
the organs or, alternatively, attributable to an augmenta-
tion of muscle or fat mass.

The role of factors regulating fetal growth, including
growth hormone (GH), is important [44]. Studies across
several species show that GH is an important determin-
ant of litter size. It acts at all stages of litter-size develop-
ment [44]. The interference of the venom with these
factors may account for the increased weight of organs,
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but an accurate investigation is necessary to corroborate
this finding.

During an envenomation, the lungs accumulate high
levels of scorpion venom [45]. The respiratory system
appears to be especially sensitive to the venom, since
most fatal accidents are due to cardiovascular complica-
tions with consequent respiratory involvement [6,46].
Similarly, an increase in the pulmonary weight of fetuses
was observed, confirming the sensitivity of the lungs to
the venom. The mechanism by which the venom in-
creases lung weight is not clear, but the development of
the lung can be altered in many ways, including the
release of glucocorticoids, which presumably occurs after
contact with the venom [47]. Hmed et al. [48] demon-
strated a similar increase after the injection of Buthus
occitanus tunetanus scorpion venom, an effect related to
defective placental function and to maternal hyperten-
sion and metabolic disorders.

A study in our laboratory demonstrated an increase in
the weight of the lungs and placentas of fetuses whose
mothers had received a dose of 1.0 mg/kg of T. serrula-
tus scorpion venom [22]. However, 3.0 mg/kg of the
same venom had a similar effect on the liver, but the
weights of the other organs were unaltered [49]. This
leads us to hypothesize that a higher dose does not
necessarily cause an increased effect. It may occur or
not, independently of the dose administered. Although
the increased weight of fetal organs is not traditionally
related to fetal damage, the possibility that the observed
result, an increase in liver, lung and heart weights, is a
consequence of the venom cannot be ruled out. This
effect could be better studied by histopathological exam-
inations of the altered organs and by checking maternal
metabolism in the same developmental period during
which the present results were obtained.

In our study, there was no evidence of skeletal or
visceral malformations in offspring of dams treated with
T. bahiensis venom. On the other hand, an increase in
skeletal size was observed in the GD5 group. Fetal devel-
opment was not impaired; this was also demonstrated by
counting the centers of ossifications, which disclosed no
alterations. However, a deformity was observed in the
interpariental bone in all the control and experimental
fetuses but this deformity was augmented in the GD10
group. Anomalies in the skull bones were also described
previously in the offspring of rats treated on GD10 with
Tityus serrulatus scorpion venom [22,49]. Prenatal stress
is responsible for alterations in skull ossification [50].
Actually, some alteration was verified in our experimen-
tal and control groups. Meanwhile, the GD10 group pre-
sented an alteration greater and significantly different
from control group meaning that the venom may exert
some effect but at this time, we do not have a sufficient
experimental background to explain this result.
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The observed visceral anomalies were very similar in
amount and nature between the experimental groups
and controls, which does not support the notion that
the venom has a teratogenic effect. According to some
authors, spontaneous anomalies and malformations
eventually occur in laboratory rats [51,52]. Thus, it is
unlikely that this occurrence had any link to prenatal
exposure to the venom.

Based on the present results, we cannot determine
whether the observed effects are due to the passage of
some venom component to the offspring or whether it is
just an indirect effect resulting from the response of the
mother to the venom. However, Ismail et al. [19] repor-
ted that the teratogenic effect of the venom, observed
after a prolonged exposure of pregnant rats to A. amor-
euxi venom, appears to be the result of its metabolic
effect and action on the body electrolytes of the dams,
rather than a direct effect on the fetuses.

Despite our best efforts to avoid stress, either by
means of the environmental conditions in which the
animals were maintained and treated or by using a venom
dose of apparently low maternal toxicity, stress was still a
possible factor accounting for the results obtained. This
fact is due to the inevitability of certain procedures such
as the injection of the venom, which even at a mild dose
always causes discomfort to the animals. Furthermore, we
cannot rule out the possibility that although the venom
had little effect on the dams, it had a more marked effect
on the offspring, either by inducing stress or through a
direct action.

Although it is not possible conclude that the effects
observed are a direct consequence of the action of the
venom, such effects indeed occurred after its administra-
tion. Additional studies are in progress to investigate the
possible causes of the effects herein described.

Conclusions

In conclusion, a moderate dose of Tityus bahiensis venom
causes subtle changes in maternal reproductive develop-
ment and in fetal development in rats. However, as some
distinct alterations were observed, further studies are
warranted which should include higher doses of the
venom, other gestational days and the influence of cyto-
kines on the development of the fetuses to elucidate the
effects of the venom.
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