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Abstract

Incidents of scorpion stings are common in Turkey. These cases can cause severe envenomation and so represent an important public health
problem. In Turkey, the most venomous species are Leiurus abdullahbayrami and Androctonus crassicauda. There has been no study on the effects
of A. crassicauda stings on pregnant rats. Consequently, we investigated the effects of the scorpion venom on pregnant rats and their offspring. The
supernatant of the A. crassicauda venom obtained after the venom extraction was dissolved in 7 mL of sterile saline before the experiment, in this
way the injection volume was standardized as 1 mL/rat. Pregnant rats were randomly divided into two groups with six animals in each. A. crassicauda
venom in 1 mL physiological saline solution (NaCl 0.9%) was subcutaneously injected in rats of the experimental group (EG), while sterile saline
solution (1 mL) was subcutaneously administered to the rats of the control group (CG). All injections were applied to each group from the 7t to the
13t days of pregnancy, which correspond to the critical organogenesis period. Based on these results, it was shown that the scorpion venom affects
the body weight of pregnant rats, the weights of placental tissues and fetuses in the rat model during pregnancy. A. crassicauda venom can induce
abortion and cause restrictions in placenta and fetal growth. Therefore, medical professionals should be informed about possible adverse effects and
risks in pregnancy.
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Androctonus crassicauda Zehirinin Gebe Sicanlar ve Yavrulari Uzerine
Etkileri

Oz

Akrep sokmasi vakalar Tirkiye'de yaygin olarak goriilmektedir. Bu olgular ciddi zehirlenmeye neden olarak 6nemli bir halk sagligr sorununu
olusturur. Tiirkiye'de en zehirli akrep tiirlerinin Leiurus abdullahbayrami ve Androctonus crassicauda oldugu bilinir. A. crassicauda sokmalarinin gebeler
tzerindeki etkileri konusunda bir calisma yapilmamistir. Bu nedenle, akrep zehirinin gebe sicanlar ve yavrulari Gizerindeki etkilerini arastirdik. Zehir
ekstraksiyonundan sonra elde edilen A. crassicauda zehrinin sipernatani, deneyden 6nce 7 mL fizyolojik tuzlu su (%0.9 NaCl) icinde eritildi, bu sekilde
enjeksiyon hacmi, 1 mL/sican olarak standart hale getirildi. Gebe sicanlar rastgele olarak her birinde alti hayvan bulunan iki gruba ayrildi. 1 mL A.
crassicauda zehiri, deney grubundaki sicanlara (EG) subkutan olarak uygulanirken, kontrol grubundaki sicanlara (CG) steril serum fizyolojik ¢ozeltisi
(1 mL) subkutan yolla verildi. Tim enjeksiyonlar kritik organogenezis donemine karsilik gelen gebeligin 7. gliniinden 13. glinline kadar uygulandi.
Bu sonuclara dayanarak, akrep zehirinin gebelik sirasinda sican modelinde gebe sicanlarin viicut agirligini, plasental dokularin ve fetislerin agirhigini
etkiledigi gosterilmistir. A. crassicauda zehri abortu uyarabilir, plasenta ve fetal biiyiime geriligine neden olabilir. Bu nedenle, tip uzmanlari gebelikte
olasi olumsuz etkiler ve riskler hakkinda bilgilendirilmelidir.

Anahtar sézciikler: Akrep, Androctonus crassicauda, Zehir, Gebe, Fetal anormaliteler

INTRODUCTION living fossils because morphologically they have changed
so little 2. In spite of developing medical approaches and

Scorpions are terrestrial invertebrate animals classified as  other measures, in many tropical and subtropical countries
Arachnida whose existence dates back 430 million years  scorpion envenomation cases still constitute a serious
to the Silurian era . As a result, they can be considered  public health problem that can result in death, especially in
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children ®l. Among scorpion species, Androctonus crassicauda
is known as the deadly scorpion and so is of great concern
to medicine ™.

In addition to Turkey, the same scorpion can be found in
Jordan, Syria, Iran, Irag and Saudi Arabia and is medically
important in these countries as well P\ In Turkey, A.
crassicauda is the most significant scorpion species
responsible for scorpion sting cases and for antivenom
production. In addition, depending on the structure of the
culture and socio-economic characteristics, many women
work outdoors, particularly in the southeastern region of
Turkey, thus the probability of scorpion stings increases
among females. Indeed, many demographic reports in
the country confirm that over 50% of scorpion sting cases
occur in females 57, As a result, it should be remembered
that pregnant women are potential victims.

Some studies have emphasized that the venom of the A.
amoreuxi, Tityus serrulatus and T. bahiensis scorpion species
can lead to congenital abnormalities and fetal resorption
in pregnant animal models after injection. In addition,
Buthus minax and Leiurus quinquestriatus scorpion venom
has been shown to induce abortion in pregnant women.
Scorpion stings in pregnant women can result in acute
conditions such as vaginal bleeding, fetal loss, preterm
delivery and placental and fetal abnormalities 51",

Although the toxicity of A. crassicauda venom is well
documented, there is little research about fetal effects
on pregnancy. In Turkey, this is the first study specifically
designed to determine if repetitive maternal exposure to A.
crassicauda venom during organogenesis has deleterious
effects on pregnant rats and their offspring in the fetal and
obstetric outcome. Therefore, the aim of this work in the
rat experimental model of pregnancy was to investigate
the effects of A. crassicauda scorpion venom on pregnant
rats and their offspring.

MATERIAL and METHODS

Scorpions and Venom Extraction

The scorpions were captured in Sanliurfa province in the
southeastern region of Turkey and kept in plastic cages
with free access to food and water. Venom was obtained
from mature A. crassicauda scorpions by electrical stimulation
of the telson as described by Ozkan and Filazi . The
venom was diluted with sterile double distilled water and
centrifuged at 15.000 rpm for 20 min at 4°C "%, Then, the
supernatant was taken and stored at -20°C until use at
Cankiri Karatekin University. The protein content of the
venom was also determined according to the Bradford
method "' before use.

Bioethics and Animals

The study was approved by the Experimental Animals Ethics
Committee of Gazi University (G.U.ET-18.088). Furthermore,

all experimental procedures were conducted in accordance
with the ethical guidelines of the Ethics Commission on
Animal Use (CEUA) and the Guide for the Care and Use of
Laboratory Animals of NIH. Adult female (n=12) and male
(n=3) Wistar Albino rats weighing 200-250 g were used
for experimental procedures. The animals were housed in
polysulfone cages at 21-24°C, 40-45% humidity and under
light-controlled conditions (12 h light/12 h dark) at the
Laboratory Animals Breeding and Experimental Research
Center, Faculty of Pharmacy, Gazi University. Tap water and
commercial pellet food were available ad libitum.

Mating of Rats and Pregnancy Diagnosis

Following one week of acclimatization, female rats were
allowed to mate with mature males (one male per four
females) from 4.00 p.m. to 8.00 a.m. Pregnancy was
determined by the presence of a vaginal plug (Fig. 1A),
which showed evidence of mating, and then these females
were diagnosed as pregnant . This was considered as
pregnancy day 0. The pregnant rats were maintained in
individual cages.

Experimental Design

The whole venom of the A. crassicauda scorpion was
dissolved in 7 mL of physiological saline solution (PSS: NaCl
0.9%) solution and the injection volume was standardized
as 1 mL/rat. The subcutaneous injection route in rats was
chosen to mimic natural scorpion stings. The pregnant rats
were randomly divided into two groups with six animals in
each. The dose of 1 mL of the venom was subcutaneously
injected in rats of the experimental group (EG), while the
saline solution (1 mL) was subcutaneously administered to
therats of the control group (CG). Allinjections were applied
to each group from the 7t to the 13 days of pregnancy "%,
which correspond to the critical organogenesis period 'S,

Maternal Effects

The female rats were determined for weight gain on 0,
7, 13 and 21 days of pregnancy, the weight gain in both
groups were recorded. Also noted were symptoms of
the venom injection such as erythema, local pain on the
injection site, respiratory perturbation, lacrimation and
salivation increase and possible pregnancy complications
were recorded after each injection.

Termination of the Experimental Procedure

On the last day (21%) of pregnancy, surgery was aseptically
performed on the animals under general anesthesia
with xylazine hydrochloride 2% (10 mg/kg; XylazinBio®,
Intermed, Ankara, Turkey) and ketamine hydrochloride
10% (100 mg/kg; Ketasol®, Interhas, Ankara, Turkey). The
fetuses were removed and an ovariohysterectomy was
performed . The uterine horns were cut immediately
and the fetuses and their placenta were extracted and
weighed to determine the effect of venom on reproductive
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organs. Ovaries and uterine tissues of each rat were
weighed by precision scale. In addition, they were carefully
examined in terms of the gross morphological abnormal
findings. The uterine tissues were reweighed after removal
of the ovaries. The vitality of offspring removed from
the uterus was confirmed with the existence of fetal
movement after tactile massage. The numbers of dead
and live newborns were recorded. For morphometric
analysis, occipitonasal lengths, tail lengths and chest
width of all offspring were measured using a micrometer.
In addition, the offspring were examined for assessment of
any dysmorphology.

Postoperative Treatment and Care

The rats were monitored daily by a veterinarian. The
surgical site of each rat was treated with povidone-iodine
twice daily. Furthermore, the survival time of the offspring
was recorded until the end of weaning. Maternal rats were
sacrificed for the next analysis at the end of the lactation
period and their internal organs were removed.

Statistical Analysis

The data were evaluated using the SPSS 23.0 program.
The results were expressed as mean + SD or percentage of
total number. Mann Whitney U test was used to determine
the significance of differences between groups and these
were considered significant when P<0.05.

RESULTS

Within a few minutes of each dose of A. crassicauda venom
injection, systemic symptoms such as local pain and
erythema at the injection site, tachypnea, deep dyspnea,
increases in salivary, eye and nasal secretions and jumping,
shaking and rigidity in hind limbs began and persisted for
approximately 30 min and then the rats returned to their
normal state within approximately two hours. There was
a significant increase (Fig. 1) in the body weight of rats
in the EG at the 7" day of pregnancy (P<0.05). In all the
measurements after the 10" day of pregnancy, the body
weight of pregnant rats in the EG was significantly weaker
than the CG (P<0.05) (Table 1). Also, it was observed that
the weights of fetuses and placental tissues in the EG were
lower than in the CG (P<0.01) (Table 2).

Eighty newborns were detected in rats of the CG and 67
in the EG. There was no fetus in the uterus of one rat in
the EG and this rat was evaluated as if aborted (Fig. 1F).
A significant decrease (P<0.01) was detected between the
newborn weight of venom-treated rats and the control
group (Table 3). Although all newborns of venom-treated
rats died within one hour of birth, there were no new-
born deaths in the CG in this time period. A significant
decrease (P<0.05) was observed for occipitonasal and tail
lengths and chest width in repetitively envenomed rats in
comparison to control rats (Table 3).
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Fig 1. Effect of Androctonus crassicauda in
pregnant rat and offspings. Pregnancy was
determined by the presence of a vaginal
plug that considered as day 0 (A), The body
weight (g) of rats following administration
of A. crassicauda venom or saline according
to pregnancy days (B), Ovariohysterectomy
on 21 days of pregnancy (C), cerebral
hemorrhage (D) and mouth abnormality (E)
in newborn of EG, Abortifacient (F)
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Table 1. Comparison of body weight (g) measurements of rats between groups

Pregnancy Days CG (n=6) EG (n=5%) P

0 240.3+£9.3 238.9£16.0 0.686
7t 250.5+8.3 261.5+14.3 0.045
& 266.0£10.9 260.5£15.5 0.261
gth 274.7+8.8 262.5+13.2 0.150
10t 283.8+6.7 262.0+£12.1 0.010
11t 290.5+5.6 268.7+12.1 0.006
12t 301.0+12.5 265.3+9.8 0.004
131 312.5%17.2 264.4+12.3 0.004
21 374.0£14.0 332.5+41.7 0.030

Mean weight + SD * An abortion
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Table 2. Comparing weight measurements (g) of internal genital organs with fetuses and placenta between control group and experimental groups

Parameters CG (n=6) EG (n=5) P

Total weight of uterus, ovaries and fetuses 103.3+9.2 67.0+35.3 0.004
Total weight of uterus, ovaries and placenta 82.1+6.4 47.9+27.8 0.004
Weight of ovaries 0.89+0.18 0.83+0.08 0.194
Placental weight 0.83+0.28 0.54+0.08 0.004

Table 3. The evaluation of some morphometric parameters of offspring between groups

Parameters Newborn Rats of CG (n=80) Newborn Rats of EG (n=67) P

Weight of newborn rats (g) 5.48+0.04 3.07+1.50 0.003
Occipitonasal - tail lengths (cm) 4.0+0.0 2.3+1.1 0.002
Chest width (cm) 2.0+£0.0 0.7£0.3 0.002
Tail length (cm) 2.0+0.0 1.1+£0.5 0.001
Cerebral hemorrhage-ratio (%) 0 (0%) 67/67 (100%) 0.001
Cleft lip-ratio (%) 0 (0%) 4/67 (5.97%) 0.019

When we examined the macroscopic findings of newborn
rats, we observed cerebral hemorrhage macroscopically
in all newborns of the EG and none in the CG, and the
presence of this pathology was significantly different
between the two groups. Also, we defined cleft lips in four
newborns of venom-treated rats and none in the CG, and
there were significant differences in comparisons between
the groups (P<0.05) (Table 3).

DISCUSSION

Scorpion envenomation remains a serious public health
problem, especially in the Southeastern Anatolia region of
Turkey. In 2008, Ozkan et al."”’ reported 24.261 scorpion
sting cases in Turkey, of which 22.6% occurred in Sanliurfa
province. Pregnant women are among the possible victims
given the high incidence of scorpion sting cases in Turkey.
A. crassicauda is one of the most venomous scorpions in
the world, and that includes Turkey “”. In this research, we
chose repetitive doses of the venom because there have
been reports of more than one scorpion sting of a pregnant
woman in Turkey. As a result, the single scorpion venom
was divided equally into seven portions one of which was
injected daily together with TmL of saline solution.

In rats, blastocyst implantation in the uterus occurs between
days four and five of pregnancy and then organogenesis
continues until the 16™" day and fetal development
proceeds until birth ', In addition, this is a critical stage
during which, on the 10" day of pregnancy, the formation
of several organs such as the eyes, brain and heart and
aortic arches, axial skeleton, palate and urogenital system
occur in the organogenesis period. Materials introduced
during the organogenesis period may have teratogenic
effects '®. In the assessment of maternal weight, the body
weight of rats in the venom group decreased significantly

from days 7 to 13 of pregnancy when compared to the
control. Contrary to this, Barao et al."”reported a significantly
greater weight increase from days 16 to 21 of pregnancy
after the evaluation of maternal weight in rats injected
with T. serrulatus scorpion venom on the 10" day of
pregnancy.

Both human and experimental animal studies show that
the venom of the scorpion induces alterations in the
maternal reproductive system [%1520211 |n this sense, L.
quinquestriatus scorpion venom increases the release
of kinins that cause uterine contractions, and this effect
caused abortions in rats 222, In addition to B. occitanus and
T. serrulatus, other scorpion venoms had similar results 2,
AnotherA.amoreuxiscorpion species caused fetal resorption,
ossification defects and weight loss in survivor rats after the
venom 24, Some studies on pregnant rats conducted with
T. serrulatust, T. bahiensis and T. discrepans scorpion venom
showed that single or repetitive injections on different days
of pregnancy caused pregnancy losses without changes to
maternal weight #%, In the present study, it was found that
the weights of offspring, placenta and uterine and ovarian
tissues decreased in the EG. In particular, it was thought
that the reduced weight of placental tissues caused fetal
growth retardation. The weights and morphometric para-
meters of all offspring decreased in the EG and they died
within one hour following delivery. It is known that the
placenta is a temporary endocrine organ that provides
the relationship between offspring and uterine tissue.
The various physiological functions of fetuses take place
by means of the placenta "%, It has been suggested that
the venom of A. crassicauda may cause damage to the
placenta and fetal growth restriction.

In many previous clinical cases described by Langley
Guler et al.”, Kamalak and Kosus 7, Kaplanoglu and
Helvaci®®, Bozkurt et al.??), Sari et al.?® and Ozturk and
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Koca B", no adverse effect was reported in mothers or
their fetuses after being stung by scorpion in different
periods of pregnancy. Similarly, in a recent retrospective
case series and literature review study, 24 pregnant
women were admitted to the emergency department at
Suruc (Sanliurfa) State Hospital due to scorpion stings and
no important effects were reported on the fetus or the
mother according to their medical records!'". On the other
hand, Zengin et al.?? stated that a woman at 32 weeks of
pregnancy developed lethargy and intense pelvic pain as
the result of a scorpion sting. The patient was diagnosed
with eclampsia as a complication of scorpion sting after
medical examination. In addition, Duman et al.** reported
vaginal bleeding in a woman. Erdogan et al.B¥ reported
that a pregnant woman stung by a scorpion developed an
early membrane rupture and the newborn was followed
up with the diagnosis of growth retardation, patent ductus
arteriosus and bronchopulmonary dysplasia. Similarly, in
a retrospective work of 14 years in Tunisia by Ben Nasr et
al"® although twenty pregnant women and their fetuses
showed no complications, scorpion stings caused intense
pelvic pain in two patients and vaginal bleeding in one.
In another study, Ismail et al.?” noted abortion cases
in pregnant woman following an A. amoreuxi scorpion
sting. Finally, in India there are many reports of pregnant
women who died because of the red scorpion sting 5,
In the current study, rat dams of the EG survived during
the experimental procedure. Eventhough in only one rat
abortion was observed and none in the control group, it
could refer to the venoms possible abortive effect.

In conclusion, no adverse effects were reported in mothers
or their fetuses after being stung by a scorpion in some
previous clinical pregnant cases in Turkey. On the other
hand, the findings of the current study reveal that the
venom of A. crassicauda can cause abortion as well as
restrictions in placental and fetal growth. It has been
shown that scorpion venom affects the development of
offspring in the rat model during pregnancy. Therefore,
medical professionals should be informed about possible
adverse effects and risks in pregnancy. However, further
studies are needed in this area to determine effects on the
development of offspring.
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