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ABSTRACT

One of the insecticides in the neonicotinoid group is thiacloprid
(THIA), the first chloronicotinyl pesticide with significant
insecticidal action, which is applied to numerous crops to
manage a variety of pest species. THIA may target the liver
primarily, although reports of nephrotoxicity, teratogenicity,
and carcinogenicity have indeed surfaced. The current study
endeavors to investigate the teratogenic, oxidative stress, and
genotoxic effect of THIA (1/40 and 1/20 of median lethal
dose "LDso") on the rat pregnant dams and their fetuses from
6" to 20" days of gestation. The two THIA-treated groups
displayed teratogenic anomalies including fetuses not evenly
distributed across the uterine horns, dead fetuses, and resorption
sites in the uteri. Histologically, both maternal and fetal hepatic
and renal tissues exhibited some histopathological alterations.
Additionally, hepatic tissues from both the mother and their
fetuses displayed a significant increase (P<0.05) in malondi-
aldehyde level (indicating lipid peroxidation), a significant
decrease (P<0.05) in the catalase and superoxide dismutase
activities, and reduced glutathione level (indicating a defect
in the antioxidant defense system), with a significant rise
(P<0.05) in the comet parameter (indicating DNA damage). In
conclusion, THIA treatment during the gestational period has
a high potential for causing teratogenic and genotoxic effects,
as well as oxidative stress, in pregnant dams and their fetuses.
According to the study's findings, both pregnant females and
their fetuses exposed to THIA may be at risk.

INTRODUCTION

Neonicotinoids (NEOs) are efficient against
different kinds of insect pests, making them
a useful tool for protecting both food
crops and livestock™. In the past decade,
NEOs were the most widely used type of
insecticide in the world, likely due to their
potential to replace classical insecticides
due to their weak binding of NEOs for
mammalian neuronal nicotinic acetylcholine
receptorst?l. Elumalai et al.®’! noted that the

gathering of NEOs in soil and water may
provide a serious threat to the ecosystem,
since they upset non-target creatures, while
having a detrimental impact on biodiversity
and the eco-system. As an agonist of the
nicotinic acetylcholine receptor, the neo-
nicotinoid pesticide "thiacloprid (THIA)"
demonstrates neurotoxic action®4. Its use
could pose a threat to the health of humans
and animals that consume polluted food
or water!®. It has been proposed that THIA
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primarily targets the liver® reports of
nephrotoxicity, teratogenicity, and carcino-
genicity also surfaced["®l,

Exposure to pesticides raises lipid
peroxidation (LPO) and reactive oxygen
species (ROS) levels, disrupted homeostasis
and regulation and decreased antioxidant
defense, all of which contribute to toxicity!l.
As ROS level rise, they may react with
macromolecules of cells, leading to enzyme
deactivation and genotoxicity. Recent
research has shown that the genotoxic
effects of various pesticide mixtures are
often greater than those of exposure to
any one pesticide alonel®,  Certain
pesticides can cause organ toxicity,
immunotoxicity, and carcinogenicity by
disrupting the normal functioning of
numerous body organs'®*2. THIA has been
demonstrated to cause oxidative stress,
DNA damage, and cytotoxicity in bovine
and human lymphocytesi*34 Treatment
with THIA in rats for 30 days showed
a considerable reduction in glutathione
S-transferase (GST), an elevation in the level
of malondialdehyde (MDA)®!, a decrease in
reduced glutathione (GSH) level™! and
induced hepatotoxicity and nephrotoxicity
in ratsl,  THIA treatment of bovine
peripheral lymphocytes for four hours
resulted in oxidant-based DNA damage,
lower cell viability, and reduced cell
proliferationt®3l,

The study’s purpose was to evaluate the
teratogenic effect of the neonicotinoid THIA
on pregnant dams and their fetuses. In
addition to record the growth parameters,
pregnancy outcomes, and histological
examinations of the main vital organs as
liver and kidney. Moreover, to estimate
the oxidative stress/antioxidant parameters
represented by MDA, superoxide dismutase
(SOD), catalase (CAT), and GSH of both the
maternal liver and kidney, as well as the
fetal liver, and to evaluate any potential
genotoxic effects.

MATERIAL AND METHODS
Insecticide
The THIA compound “Blanch 48% SC” is

the insecticide used in the current study of
the neonicotinoid class with the structure
formula  (Z)-3-(6-chloro-3-pyridylmethyl)-
1,3-thiazolidin-2-ylidenecyanamide. It was
purchased from Starchem (Giza, Egypt)
under the trade name “calypso; YRC-2894”.

Experimental animals and treatments

An overall of 18 virgin female albino
Wistar rats (17020 g) and 9 males
(180+20 g) were supplied from the
National Research Center, Giza, Egypt.
The experimental animals were given
7 days to acclimatize before the experi-
ment began. Animals were kept in well-
ventilated cages at a temperature of 25
+27°C and 49+£55% humidity and 12 hours
light/dark cycle. The Institutional Animal
Care and Use Committee (CU-IACUC) at
Cairo University (Egypt) approved all the
animal protocols and experimental methods
(approval no.: CU/1/F/29/20).

Two adult Females were caged with
one male overnight and vaginal smears
were stained with methylene blue the
following morning to prove fertilization
by revealing the presence of sperm and
deemed to be the first day of gestation.
Pregnant rats were divided into three
regimens, 6 females each; the treatments
were given orally/daily by gavage from
the 6 day to the 20" day of pregnancy:
Group A (control), received water. Group
(B), received 9.9 mg/kg body weight
(1/40 LDso) of THIA. Group (C), received
19.8 mg/kg body weight (1/20 LDso) of
THIA. All animals of control and treated
groups were daily spotted for any signs of
toxicity or mortality.

Evaluation  of  teratogenicity and
reproductive toxicity
The euthanasia with 50 mg sodium

pentobarbital/kg body weight of the
mothers took place on the 20" day of
gestation then subjected to a cesarean
incision. Both the right and left ovarian
corpora lutea were counted in both
the control and treated pregnant rats. The
resorption sites, number of implantations,
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and live and dead fetuses, as well as the
weight and length of their bodies were
recorded. The pre and post-implantation loss
index were recorded according to Burdan
et al.['®1 as follows: pre-implantation loss (%)
= [(number of corpora lutea — number of
implantation sites)/number of corpora lutea]
x 100, post-implantation loss (%) =
[(number of implantation sites — number of
live fetuses)/number of implantation sites] x
100

Collection of maternal and fetal tissue
samples

Dissected livers and kidneys of both the
mothers and their unborn offspring were
washed in saline to eliminate blood. Some
tissue samples of livers and kidneys have
been frozen at —80°C for later use in an
oxidative stress and comet analyses. The
histological analyses were performed on the
remaining tissue samples of livers and
kidneys.

Evaluation of oxidative stress

The kits for determination of MDA, GSH,
CAT, and SOD have been acquired from
Biodiagnostic (Dokki, Giza, Egypt) and
were evaluated by colorimetric method!*7-2%,

Histopathological analysis

Maternal and fetal samples of the kidney
and liver of the three experimental groups
were fixed in 10% formalin. Tissues were
dehydrated using ascending series of
ethyl alcohol, cleared in xylene, embedded
in paraffin, sectioned at 5 pm thickness,
stained with hematoxylin and eosin for
routine examination and then photomicro-
graphed using a Leica microscope (Leica
Microsystems Inc., Deerfield, IL, USA).
Histopathological alterations and deviations
from the normal were recorded in the control
and treated groups of pregnant rats and their
fetuses.

Comet assay

Comet assay under alkaline conditions was
executed for hepatic tissue of dams and
fetuses according to the protocol reported

by Tice et al.?*l and Nandhakumar et al.[??l,
The percentage of DNA in the tail, tail
length, and tail moment were analyzed for
DNA damage.

Statistical analysis

The statistical package for social sciences
software (SPSS 25.0) was used for data
analysis. ANOVA followed by Tuckey was
applied for comparison among groups. The
results are presented as mean + standard
error. The P-value < 0.05 was deemed as
statistical significance.

RESULTS

Effect of THIA on rat reproductive
teratogenicity

The results showed that dams remained
alive until the experiment's end in groups
treated with both doses of THIA between
day 6 and day 20 of gestation, and no
cases of abortion or death were noted.
The maternal rats demonstrated no visible
indicators of illness or abnormal behavior.
The THIA treatment caused a significant
decrement (P<0.05) in the body weight
gain of pregnant rats relative to the
control group, which was dose dependent
(Table 1).

Through cesarean sections, gravid uteri
taken from control dams revealed no
anomalies and normal distribution of fetuses
implanted in the two horns (Figure 1A).
Asymmetrical distribution of the fetuses
in the two horns was seen in the
gravid uteri received 9.9 mg THIA/Kg
body weight (Figure 1B). In a few instances,
resorption and dead fetuses were found
in the uterine horns of mothers that
received 19.8 mg THIA/kg body weight
(Figures 1C,D). In comparison with the
control group, dams in the group received
19.8 mg THIA/kg body weight exhibited
a significant reduction (P<0.05) in uterus
and placenta weights (Table 1). The
placental weight in group received
19.8 mg THIA/kg body weight displayed
a significant decrement (P<0.05) also as
compared with the 9.9 mg THIA/kg body
weight-treated group (Table 1).
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Table 1: Effect of thiacloprid on rat maternal weights.

Thiacloprid
Control 9.9 mg/kg 19.8 mg/kg
body weight body weight
Number of pregnant rats 6 6 6
Maternal body weight gain (g) 68.60+2.89 49.41+3.09* 33.66+3.32*#
Uterus weight (g) 38.08+4.42 26.00£2.48 14.56+2.99*
Placental weight (g) 36.90+5.33 27.81+1.84 12.69+2.67**

Values are represented as mean + standard error. *, #: Significant difference (P<0.05)
compared with the control and 9.9 mg thiacloprid/kg body weight groups, respectively.

J.A N

Figure 1: Photographs of the uteri of pregnant rats on the 20" day of gestation. (A) The
control group showed a uterus with a normal distribution of implanted fetuses in both horns.
(B) Thiacloprid group (9.9 mg/kg body weight) showed unequal distribution and some
reduction in the number of fetuses. (C, D) Thiacloprid group (19.8 mg/kg body weight)
displayed resorbed (arrow) and dead fetuses (arrowhead). F: fetus, V: vagina, Pl: placenta.
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Effect of THIA on rat
outcomes

Non-significant appearance (P>0.05) in the
number of corpora lutea, resorption sites,
number of implants, and pre-implantation
loss index in the three groups was observed
(Table 2). However, a significant decrease
(P<0.05) in the number of the viable fetuses
and a significant increment (P<0.05) in the
post-implantation index was noted in the
group received 19.8 mg THIA/kg body

pregnancy

weight relative to the control group
(Table 2). Fetuses from both maternally
THIA-treated groups showed a significant
reduction (P<0.05) in their weight and
length relative to the control group. More-
over, the fetal length in group received
19.8 mg THIA/kg body weight displayed
a significant decrement (P<0.05) also as
compared with the 9.9 mg THIA/kg body
weight-treated group (Table 2).

Table 2: Effect of thiacloprid on rat pregnancy outcome.

Thiacloprid
Control 9.9 mg/kg 19.8 mg/kg
body weight body weight
Number of viable fetuses/litter 8.00+0.25 5.50+0.84 3.00£0.96*
Number of litters with resorption 0.0 0.331£0.21 1.66+1.11
Number of corpora lutea/litter 8.50+0.22 7.331£0.71 7.16£0.47
Number of implants/litter 8.00+0.25 5.83+0.79 6.00+0.73
Pre-implantation loss index (%) 5.55+3.79 21.63+4.03 16.78+8.39
Post-implantation index (%) 0.0 6.54+4.36 48.01+16.54*#
Fetal weight (g) 3.38+0.12 2.05+0.19* 1.78+0.26*
Fetal length (cm) 3.58+0.06 3.15+0.08* 2.66+0.16**

Values are represented as mean + standard error. *, #: Significant difference (P<0.05)
compared with the control and 9.9 mg thiacloprid/kg body weight groups, respectively.

Effect of THIA on oxidative stress
markers in rat maternal and fetal tissues

The level of MDA in the maternal liver
showed a significant increase (P<0.05) in
the group received 19.8 mg THIA/Kg
body weight compared with the control
and the 9.9 mg THIA/kg body weight-
treated groups (Table 3). Fetal liver MDA
increased significantly (P<0.05) in both
THIA-treated groups compared with the
control group. In contrast, SOD activity in
maternal and fetal livers was significantly
lower (P<0.05) in both THIA-treated
groups compared with the control group.
Moreover, the MDA level and SOD
activity in the maternal liver of group
received 19.8 mg THIA/kg body weight
displayed a significant increase and decrease
(P<0.05), respectively, as compared with the

9.9 mg THIA/kg body weight-treated group
(Table 3). The CAT activity in maternal
liver reduced significantly (P<0.05) in the
THIA-treated groups compared with the
control one. In the fetal liver, the CAT
activity showed a significant reduction
(P<0.05) in the group received 19.8 mg
THIA/kg body weight only as compared
with the control group. The significant
decrease (P<0.05) in GSH levels of both
maternal and fetal liver were noticed in
the HIA-treated groups compared with the
control one (Table 3).

A statistically  significant  elevation
(P<0.05) in the level of MDA in the
maternal renal tissues was detected in
both THIA-treated groups as compared
with the control group (Table 4). However,
rats treated with 19.8 mg THIA/kg body
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weight exhibited a significant elevation
(P<0.05) in the renal MDA level compared
with rats treated with the lower dose
of THIA. In contrast the SOD and CAT
activities, as well as the GSH levels
were significantly decreased (P<0.05) in
the maternal renal tissues of THIA-treated

groups compared with the control one.
In addition, the CAT activity in the
maternal renal tissues of rats treated
with 19.8 mg THIA/kg body weight was
significantly decreased (P<0.05) compared
with rats treated with the lower dose of
THIA (Table 4).

Table 3: Effect of thiacloprid on the oxidative stress/antioxidant markers in the maternal and

fetal liver at 20" day of gestation.

Thiacloprid
Control 9.9 mg/kg 19.8 mg/kg
body weight body weight
MDA (nmol/g tissue) Mother 2.82+0.09 3.09+0.10 4.69+0.22*#
Fetus 3.95+0.26 5.47+0.06* 6.82+0.64*
SOD (U/qg tissue) Mother 133.33£3.20 91.22424.79* 35.00£9.76*#
Fetus 175.78+3.02 118.52+17.10* 81.48+26.70*
CAT (U/qg tissue) Mother 173.32+39.19 74.38+4.20* 69.86+4.43*
Fetus 245.38+22.65 166.51+17.62 88.69+0.40*
GSH (mmol/g tissue) Mother 1.99+0.28 0.75x+0.12* 0.50+0.04*
Fetus 2.09+0.45 0.97+0.04* 0.40+0.06*

Values are represented as mean +

standard error. *, #: Significant difference (P<0.05)

compared with the control and 9.9 mg thiacloprid/kg body weight groups, respectively. MDA:
malondialdehyde; SOD: superoxide dismutase; CAT: catalase; GSH: reduced glutathione.

Table 4: Effect of thiacloprid on the oxidative stress/antioxidant markers in the maternal

kidney at 20" day of gestation.

Thiacloprid
Control 9.9 mg/kg 19.8 mg/kg
body weight body weight
MDA (nmol/g tissue) 3.55+0.21 5.59+0.28* 7.29+0.47*#
SOD (U/qg tissue) 140.11+3.45 104.17+3.76* 89.74+4.44*
CAT (Ul/qg tissue) 203.66+8.29 160.66+8.45* 114.07+2.35*#
GSH (mmol/g tissue) 1.64+0.20 0.76+0.53* 0.47+0.26*

Values are represented as mean +

standard error. *, #:. Significant difference (P<0.05)

compared with the control and 9.9 mg thiacloprid/kg body weight groups, respectively. MDA:
malondialdehyde; SOD: superoxide dismutase; CAT: catalase; GSH: reduced glutathione.

Histopathological alterations in maternal
and fetal tissues of THIA-treated rats

The control liver of pregnant rats exhibited
a normal central vein with its squamous
endothelium lining and regular hepatic
cords with polygonal hepatocytes (Figure
2A). The maternal liver tissue in the

group that received 9.9 mg THIA/Kkg
body weight showed a light vesicular
nucleus of hepatocytes, some vacuolation,
and apoptotic cells; in addition, enlarged
hepatic sinusoids, a congested central vein,
and inflammatory cells gathered around
it were considered as well (Figure 2B).
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Mother received 19.8 mg THIA/Kg body
weight showed substantial vacuolations and

moreover, necro-apoptotic alterations, and
necrotic regions were noticed between the

degenerative alterations in the hepatic tissue,
endothelium damage in the central vein;

hepatic cords (Figure 2C).

Figure 2: Photomicrographs of hepatic tissues of pregnant rats obtained on the 20" day of
gestation that stained with hematoxylin and eosin. (A) The control group: central vein region
with simple squamous endothelium (circle), hepatic cords protruded from the central vein
(thick arrow), and polygonal hepatocytes with a sizable round central light vesicular nucleus
(Uni- or Bi-nucleated, arrowhead), these cords were divided by Kupffer cells and hepatic
sinusoids (wave arrow). (B) The 9.9 mg thiacloprid/kg body weight group: hepatic tissue
with a light vesicular nucleus of hepatocytes (arrowhead) excluding some of appeared in an
apoptotic form (thick arrow), vacuolated ones (cube), dilated hepatic sinusoids (wave arrow),
and congested central vein besides aggregated inflammatory cells (circle). (C) The 19.8 mg
thiacloprid/kg body weight group: vacuolations with degenerative changes along hepatic
tissue (thick arrow), central vein with destructed endothelium (circle), hepatocytes with
necro-apoptotic changes (arrowhead), and notice necrotic areas between hepatic cords (wave
arrow).

The microscopic examination of the
fetal liver of the control group manifested
a well-differentiated central vein region
with normal endothelium lining and normal
primitive hepatic tissue (Figure 3A). At the

dose of 9.9 mg THIA/kg body weight, the
fetal liver displayed patches of central vein
endothelium degeneration, multinucleated
megakaryocytes in hepatic tissue, typical
light vesicular hepatocytes, and surrounded
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congested blood sinusoids (Figure 3B). The
fetal liver of the group received 19.8 mg
THIA/kg body weight revealed blatant
degenerative changes, the central vein was
found to have alterations in its endothelium

detection of deep basophilic apoptotic
nuclei in hepatocytes was observed, there
was hemorrhaging between the hepatic
sheets, and inflammatory cell clusters were
found (Figure 3C).

and a substantial congestion inside its lumen,

- s

s

Figure 3: Photomicrographs of fetal liver sections at the 20" day of gestation that stained
with hematoxylin and eosin. (A) The control group showing disclosed regular lining
endothelium (circle), settled sheets of polygonal hepatocytes with huge round central light
vesicular nuclei (thick arrow), diverge by hepatic sinusoids (wavy arrows), and distinct
phases of erythroblast scattered encircling hepatocytes (arrowheads). (B) The 9.9 mg
thiacloprid/kg body weight group showing manifested areas with degenerated endothelium of
the central vein (circle), normal light vesicular hepatocytes (thick arrow), presence of
multinucleated megakaryocyte (cube), and encircled congested blood sinusoids (wave
arrows). (C) The 19.8 mg thiacloprid/kg body weight group showing endothelium of central
vein spotted with destructive changes, as well as severe congestion inside its lumen (circle),
hepatocytes with deep basophilic apoptotic nuclei (thick arrow), hemorrhage between hepatic
sheets (wave arrow), and aggregations of inflammatory cells (arrowhead).

The maternal kidney of the control
group showed normal glomerulus and
Bowman’s capsule, and both were intact

in the renal corpuscle; the proximal and
distal convoluted tubules were normally
assembled (Figure 4A). The renal corpuscle
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in the group received 9.9 mg THIA/kg
body weight appeared normal with some
tubules that had lining cells died, the
tubule lumen was found to have a hyaline
cast, and hemorrhage between renal tubules
was shown (Figure 4B). The renal cortex
area showed severe degenerative alterations
in the group received 9.9 mg THIA/kg

= W

body weight. A destructive glomerulus and
enlarged interglomerular space were present
in the renal corpuscle; in addition, apoptotic
lining cells, hyaline cast homing tubular
lumen, and epithelial desquamation along
the renal tubule were also observed in
the group received 19.8 mg THIA/kg body
weight (Figure 4C).

.
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Figure 4: Photomicrographs of maternal renal tissue at the 20" day of gestation that stained
with hematoxylin and eosin. (A) The control group: normal renal tissue histological pattern,
Bowman’s capsule (circle) and glomerulus (arrowhead), and proximal convoluted tubule
(wave arrow) along with distal convoluted tubule (thick arrow). (B) The 9.9 mg
thiacloprid/kg body weight group: a regular renal corpuscle (circle), some tubules with
apoptotic lining cells (thick arrow), hyaline cast within the tubules lumen (wave arrow), and
hemorrhage between renal tubules (arrowhead). (C) The 19.8 mg thiacloprid/kg body weight
group: wide interglomerular space (circle), epithelial desquamation along renal tubule
(arrowhead), apoptotic lining cells (thick arrow), and hyaline cast homing tubular lumen

(wave arrow).

Examination of the fetal Kkidney in
the control group showed a normal
morphological manner (Figure 5A). The
renal corpuscle was detected in a normal
structure; however, several proximal con-

voluted tubules had degenerative alterations
along with edema between renal tubules,
and the distal convoluted tubule collapse
was also noticed in the group received
9.9 mg THIA/Kkg body weight (Figure 5B).
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The kidney tissues had significant vacuola- was also a noticeable increase in the inter-
tions and degenerative alterations, Bowman's  glomerular area in the group received
capsule suffered severe damage, and there  19.8 mg THIA/kg body weight (Figure 5C).

hematoxylin and eosin. (A) The control group: renal corpuscle with intact Bowman’s capsule
(thick arrow), interglomerular space (star), and glomerulus (circle), proximal convoluted
tubule (arrowhead), and distal convoluted tubule (wave arrow). (B) The 9.9 mg thiacloprid/kg
body weight group: renal corpuscle (circle), proximal convoluted tubules (thick arrow),
collapse of the distal convoluted tubule (wave arrow), and edema between renal tubules
(arrowhead). (C) The 19.8 mg thiacloprid/kg body weight group: vacuolations and
degenerative changes along kidney tissue (wave arrow), Bowman’s capsule (arrowhead),
wide interglomerular space (circle), and hemorrhage between renal tubules (thick arrow).

DNA damage in maternal and fetal DISCUSSION

hepatic tissues The THIA compound, the first chloro-
The comet assay data revealed that nicotinyl pesticide having a considerable
THIA doses caused significant elevations insecticidal effect, is wused to control
(P<0.05) in DNA damage in maternal a range of pest species on different crops.
and fetal hepatic tissues, as indicated A survey of the literature revealed that
by comet (%), tail moment, DNA in the THIA's cytotoxic, genotoxic, and carcino-
tail (%), and olive moment comparable genic potential still needs more investigation.
with the control group (Table 5, Figure 6). The only known information on THIA

10



Dakrory, A. E. et al.

Table 5: Comet assay parameters in maternal and fetal hepatic tissues of thiacloprid-treated

groups at 20" day of gestation.

Thiacloprid

Control 9.9 mg/kg 9.9 mg/kg
body weight body weight
Comet (%) Mother 8.27+£0.59 18.03+1.49* 23.23+£2.28*
fetus 10.17+1.30 17.73+£1.82 25.03£2.77*

DNA in tail (%) Mother 5.22+0.65 9.10+0.99* 7.50+0.73

fetus 6.82+0.24 7.65+0.78 8.24+0.90

Tail length (mm) Mother 7.750.89 6.99+0.61 9.04+0.76

fetus 7.75+1.15 8.97+1.24 8.00+0.12
Tail moment Mother 0.28+0.10 0.52+0.08 0.69+0.02*
fetus 0.45+0.03 0.65+0.09* 0.61+0.09*

Olive moment Mother 0.80£0.10 1.30+0.04 1.20+0.06
fetus 0.97+0.14 1.19+0.05 1.44+0.24*

+

Values are represented as mean

standard error. *, #: Significant difference (P<0.05)

compared with the control and 9.9 mg thiacloprid/kg body weight groups, respectively.

genotoxic effects comes from the manu-
facturer's data, which concluded that there
was no proof of genotoxicity caused by
THIA in certain in vivo and in vitro
testing!?®l. The maternal body weight gain
in the current study decreased significantly
due to THIA exposure. Arfat et al.?l also
stated that the exposure to the neonicotinoid
insecticides "imidacloprid" decreased the
body weight with significant toxicity
symptoms in male albino mice. Our results
exhibited a significant decrease in the uterus
weights of the pregnant rats received
19.8 mg THIA/kg body weight compared
with the control. The harmful effects of
THIA on the body and reproductive
organ weights may be due to the less
consumption of food and water during
the treatment. The treatment with THIA
induced significant changes in rat pregnancy
outcomes in the current study. It raised
the resorption percentage and reduced the
fetal and placental weights. In line with
our findings, Gawade et al.[*® demonstrated
that pregnant rats exposed to imidacloprid
led to post-implantation loss. Also, imida-
cloprid prompted developmental delays and
deformations in chick embryol?®l. Elevating
evidence mentioned that neonicotinoids may

also have teratogenic effects. Abou Zeid[?"
reported that acetamiprid exposure during
pregnancy decreased implantation rate and
fetal weight in rats. Pfeil and Tasheval?®
reviewed that rats exposed to THIA had
an elevated incidence of resorptions and
a reduction in fetal weight. Furthermore,
THIA demonstrated higher values for trans-
placental transfer efficiency?®l. The maternal
exposure to imidacloprid causes oxidative
placental damage, which compromise its
nutritional function and may lead to
resorptions or growth retardation in
offspringt%. A smaller placenta is likely to
have decreased blood supply, resulting in
significant fetal hypoxia and possibly
stunted intrauterine growth4,

The current study showed that the
administration of THIA caused histo-
pathological alterations in maternal and
fetal kidney and liver. Consequently, THIA
is the same as imidacloprid disturbing
liver and kidney functions. Animals treated
with the neonicotinoid compounds like thia-
methoxam, imidacloprid, and clothianidin
showed inflammation and oxidative stress in
organs such as the kidney, liver, and brain in
rats and micel®2-34. Exposure to both doses
of THIA elevated the MDA of both dams

11
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Figure 6: Photomicrographs of typical nuclei with varying degrees of DNA damage in
mother and fetal liver tissues as comets caused by thiacloprid. (A) The control group of
mother cells. (B) The 9.9 mg thiacloprid/kg body weight group of maternal cells. (C) The
19.8 mg thiacloprid/kg body weight group of maternal cells. (D) The control group of fetus
cells. (E) The 9.9 mg thiacloprid/kg body weight group of fetus cells. (F) The 19.8 mg
thiacloprid/kg body weight group of fetus cells (magnification = 400x).
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and fetuses, decreased their antioxidant
defense system (CAT, SOD, and GSH),
and enhanced DNA damage. Other studies
highlighted that dams exposed to imida-

cloprid increased the H.O> and MDA
levels, as well as decreased the GSH
level and CAT activity, which was

accompanied by fetal malformations that
may be considered one of the leading
reasons for oxidative tissue damage of
the pregnant dams affecting their
offspring®4. Further probes showed that
the metabolism of pesticides may result
in oxidative molecules, which may change
the quantity and activity of antioxidant
enzymes, resulting in oxidative damagel®
and leading to cell apoptosis via activation
of caspase-3 that may explain why THIA
causes the atrophy of vital organsl®l. In rats'
plasma, lymphoid organs, kidney, liver,
and brain tissues, oral dosing of imida-
cloprid enhanced the lipids peroxidationt®*l.
Additionally, THIA led to oxidative stress
in zebrafish, Danio rerio®. Humans
lymphocytes exposed to THIA in vitro
exhibited DNA damage!®. THIA minimized
the propagation in cultured bovine
peripheral lymphocytes, decreased the
expression of their GST, and stimulated
cytotoxic/cytostatic effectst®"%1. In addition,
it minimized the viability of human
hepatocellular and neuroblastoma carcinoma
cells®,  THIA increased MDA and
decreased GSH levels in the hepatic and
renal tissues of rats causing nephrotoxicity
and hepatotoxicityt’! that may cause DNA
damage. A significant reduction in the
glutathione peroxidase activity was observed
in brain tissue of mice exposed to THIA,
as well as degeneration in the learning and
memory functions!?,

Insecticides dimethoate and lambda
cyhalothrin caused injury in the bone
marrow  DNA of rats, 48 hours after
application!, Additionally, propoxin and
diazinon caused DNA damage in the renal
and hepatic tissues of rabbits following
prolonged exposurel*?l. By employing the
comet assay for the entire bone marrow and
blood, another study found abnormalities in

the liver histopathology and a substantial
elevation in DNA damage in rats treated
with chlorpyrifost. In addition, lympho-
cytes collected from workers subjected to
insecticides like deltamethrin and chlor-
pyriphos showed DNA damagel*®l. In the
present study, THIA promoted notable
DNA damage in the maternal and fetal
hepatic tissues relative to the control group.
The generation of ROS such as hydroxyl,
oxygen free radicals, or hydrogen peroxide,
which cause oxidative stress in different
tissues, is the primary mechanism for
pesticide toxicity that might attach to
and cross biological membranes, harming
DNA, RNA, and protein macromoleculest 4,
In conclusion, it was revealed that THIA
exposure at two different doses had
harmful effects on pregnant rats and their
fetuses, suggesting an analogous potential
for pregnant women and their fetuses in
humans.
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