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ABSTRACT

Acetamiprid (ACE) is one of the most worldwide used neonicotinoids. The
current study aimed at investigating the protective effects of vitamin E (Vit E) (100
1U/kg/day) and/or Coenzyme Q10 (CoQ10) (75 mg/kg/day) against (ACE) (25 mg/kg/day)
induced male reproductive toxicity. Eight groups of adult male Sprague Dawley rats (n=6)
were used as the following: Control, oil, (Vit E), (CoQ10), (ACE), (ACE + Vit E),
(ACE+Co0Q10) and (ACE+ Vit E+C0Q10). Rats received treatments by oral gavage for 60
days. The administration of (ACE) showed significantly decreased of the following: (body
weights, testicular weights, serum testosterone, serum luteinizing hormone, testicular
antioxidant reduced glutathione, testicular superoxide dismutase activity, sperms count
and percentage of sperms motility); in line with significantly increased of the following:
(percentage of dead sperms, percentage of abnormal sperms and testicular
malondialdehyde). Histologically; (ACE) group showed marked degenerative changes in
the seminiferous tubules with increased immune histochemical expression of testicular
(Caspase-3 and Tumor necrotic factor alpha). Separate administration of either (Vit E) or
(CoQ10) with (ACE) showed improvement of ACE induced histological, oxidative,
inflammatory, apoptotic, semen toxic effects, but failed to improve serum testosterone,
body and testicular weights. Moreover, combined protective effects of (Vit E) and
(CoQ10) significantly overcame the separate use of both agents in improving body and
testicular weights, sperm motility, vitality, testosterone, luteinizing hormone and Caspase-
3 expression. Finally, the administration of either (Vit E) or (CoQ10) showed to have
protective effects against (ACE) induced male reproductive toxicity, although the
combined use of both agents was more effective.

Introduction -

Neonicotinoids are new class of
insecticides that act as selective nicotinic

used as less toxic alternative that replacing
organophosphate (Phogat et al., 2022).
Acetamiprid (ACE), (N-((6-chloropyridin-3-
yl) methyl) -NO -cyano —-N -methyl-
ethanimidamide), is one of  the

acetylcholine receptor agonist mainly in the
central nervous system (ZuS¢ikova et al.,
2023). Recently, neonicotinoids are widely
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chloropyridinyl neonicotinoid (Houchat et al.,
2020). Occupational exposure to ACE occurs
via skin absorption and inhalation routes
during fumigation. Environmental exposure to
ACE occurs mainly via ingestion of
contaminated food and water (Marin et al.,
2004). The ACE residues in water and soil are
resistant to hydrolysis and could persist for
more than one year (Renaud et al., 2018). In
the experimental models, ACE was
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determined by high concentrations and caused
significant toxicities in the liver (Shahin,
2018) and kidney (Alhusaini et al. 2019)
which represent sites of its metabolism and
excretion, respectively. Moreover, it showed
to have toxic effects on the nervous system
(Dukhnytskyi et al. 2020), and immune
system (Marzouki et al., 2017).

In human studies, ACE reported to
have acute toxicity manifestations simulating
organophosphates but milder (Imamura et al.,
2010; Pirasath et al., 2021). Chronic exposure
to ACE was associated with decreased sperms
count and increased incidence of still birth in
farmers (Neghab et al., 2014). The ACE was
reported to induce developmental toxicity in
case of prenatal exposure (Gu et al., 2013).
Male reproductive toxicity induced by ACE
was assumed to direct toxic effects on the
spermatogenesis as well as endocrine
disrupting effect by decease testosterone level
(Kong et al., 2017; Arican et al., 2020).
Various molecular mechanisms have been
implicated in ACE toxic effects including
oxidative stress, DNA damage and apoptotic
effects in both in vitro and in vivo studies (El-
Bialy et al., 2020; Gomez et al., 2020; Oztas
et al., 2021). Hence, various antioxidant and
natural agents had been investigated to
mitigate the ACE toxic effects (Phogat et al.,
2022).

Vitamin E (Vit E) (alpha-tocopherol)
is a lipid-soluble vitamin which has an
antioxidant and membrane stabilizing
protective effects in cells of different
biological models (Liao et al., 2022). The
hydroxyl group in tocopherol reacts with
peroxyl free radicals forming tocopheryl
radical. The tocopheryl radical returns to the
reduced active form of Vit E by reacting with
a hydrogen donor e.g., vitamin C (Kong et al.,
2017). The Vit E previously reported to
ameliorate the hepatorenal toxic effects
induced by ACE in rat model (Yi-Wang et al.,

2012). In addition, (Zhang et al., 2011; Kong
et al., 2017 and Zayman et al., 2022) reported
that Vit E had protective effects against the
male reproductive toxicity in ACE intoxicated
animal models.

Coenzyme Q10 (CoQ10) (ubiquinone
or ubidecarenone) is a fat-soluble coenzyme
that formed by conjugation of benzoquinone
ring with isoprenoid chain (Shukla and
Dubey, 2018). The CoQ10 increases the
production of ATP and has antioxidant
reducing capacity that gets rid of free oxygen
radicals. The reduced form CoQ10
(ubiquinol) is a potent antioxidant as it is
essential  for  regeneration of  other
antioxidants such as ascorbate (Vitamin C)
and Vit E (Ognjanovi¢ et al., 2010). Hence,
there is growing evidence of its potential role
in amelioration of various diseases (Shukla
and Dubey, 2018; Pallotti et al., 2021) as well
as in different organ toxicities as
neurotoxicity (Yousef et al., 2019) and
hepatorenal toxicity (Oda et al., 2018).
CoQ10, alone or in combination with other
antioxidants is reported to have a beneficial
effect on seminal quality and sperm motility
(Allam et al., 2022, Oyovwi et al., 2022).
Although the effective CoQ10 dose and best
combination  with  other  antioxidants
compared to monotherapy are still under
investigation (Salvio et al., 2021). The
combined effect of CoQ10 and Vit E
previously reported to improve male
reproductive toxicity induced by single toxic
dose of cadmium (Ognjanovi¢ et al., 2010).
To the best of our knowledge, the protective
effect of CoQ10 against ACE induced male
reproductive toxicity had not been previously
investigated. Hence, the aim of the current
work was to investigate as well as compare
the potential protective effects of CoQ10 and
Vit E against the ACE induced subchronic
male reproductive toxicity.
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Material and methods:

Chemicals

Acetamiprid (96% TC) in the form of white
powder, manufactured by (Jiangsu Feng Shan
Co., China), and was obtained from (Delta
Co., for chemical industries, Egypt). Vitamin
E (Alpha Tocopherol acetate 400 mg Equi.
to 400 1U) and Coenzyme Q10 (Coenzyme
Q10 Forte 100 mg) were obtained in the form
gelatinous capsules from (MEPACO Co.,
Egypt). All the other chemicals utilized in the
study were purchased as analytic grade from
(Bio-diagnostic Company, Giza, Egypt).

Animals

A total of 48 adult male Sprague
Dawley rats weighing (200-220 g) were
obtained from the animal house Faculty of
Veterinary medicine, Mansoura University.
Animals were housed in plastic cages at an
ambient temperature of (20 + 2° C) and
relative humidity (55 + 5%), as well as light
and dark cycle was maintained at 12 h/12 h.
The rats were feed freely on commercial
pelleted food (Al Wadi Co., Giza, Egypt) and
water at the department of pesticides, Faculty
of Agriculture, Mansoura University where
the experiment was conducted. Rats were
handled following the National Institutes of
Health (NIH) general guidelines for the care
and use of laboratory animals. The present
study was authorized by Mansoura university
Animal care and use committee code number
(AGR.R.23.08.4).

Experimental Design

After one week of acclimatization, rats
were divided into 8 groups (each group
comprised 6 rats). Repeated doses toxicity
classified to: (subacute exposure for two or

four weeks, Subchronic exposure for 1-3
months and chronic exposure for more than 3
months up to one year) (Selvestrel et al.,
2022). The duration of the current subchronic
study was 60 days to cover the duration of
one complete spermatogenic cycle in rats (54
days) (Perrard et al., 2016). In addition,
sperms can survive for 60 days in the cauda
epididymis (Sevim et al., 2023). All doses
were given to rats by oral gavage. The study
groups were as follows:

Group (1) (Control): Distilled water (vehicle
of acetamiprid) (0.5 ml/day, gastric
gavage).

Group (2) (Oil): Corn oil (vehicle of vit E
and Co Q10) (0.3 ml/day, gastric
gavage).

Group (3) (Vit E): Vit E (100 IU/kg/day,
gastric gavage dissolved in 0.3 ml
corn oil) (Zayman et al., 2022).

Group (4) (CoQ10): Co Q10 (75 mg/kg/day,
gastric gavage dissolved in 0.3 ml
corn oil) (Najaran et al., 2019).

Group (5) (ACE): ACE (25 mg/kg/day
approximately equivalent to 1/9 of
LD50 for oral dose dissolved in 0.5 ml
distilled water, gastric gavage) (Arican
et al., 2020).

Group (6) (ACE + Vit E): ACE (25
mg/kg/day dissolved in 0.5 ml
distilled water, gastric gavage) + Vit E
(100 IU/kg/day, gastric gavage in 0.3
ml corn oil).

Group (7) (ACE+CoQ10): ACE (25
mg/kg/day dissolved in 0.5 ml
distilled water, gastric gavage) +
CoQ10 (75 mg/kg/day, gastric gavage
dissolved in 0.3 ml corn oil).

Group (8) (ACE+ Vit E+C0Q10): ACE (25

mg/kg/day dissolved in 0.5 ml
distilled water, gastric gavage) + Vit E
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(100 IU/kg/day, gastric gavage
dissolved in 0.3 ml corn oil) + CoQ10
(75 mgl/kg/day, gastric gavage
dissolved in 0.3 ml corn oil).

Rats were weighed at the beginning of
the study and final body weights were
recorded at the end of the study. After 60 days
of exposure, fasted rats were sacrificed after
euthanasia with intraperitoneal administration
of 50 mg/kg ketamine hydrochloride
(Ketalar®), and (10 mg/kg xylazine
hydrochloride) (Zayman et al., 2022).
Animals were sacrificed by cervical
dislocation. Following the decapitation
procedure, the testes and cauda epididymides
of the rats were removed from the corpse and
cleaned from the adipose and connective
tissues (Trosi¢ et al., 2013). Both testes were
weighed and recorded as testicular weight.

Sperm collection and analysis of sperm
parameters

For assessing the epididymal sperm
counts; the caudal epididymis was minced in
5 mL of 0.9 % NaCl and each sample was
properly mixed using a shaker for 10 min.
The epididymal sperm suspension was
incubated at 20 °C for 2 min. An alkaline
solution containing eosin and 35 % formalin
was used for supernatant dilution (1:100). A
Neubauer hemocytometer was used to count
sperm under a light microscope (200 x), and
the count is expressed in millions per ml of
the epididymal suspension (Yokoi et al.,
2003, Kong et al., 2017). Sperm motility is
classified to: A, rapid progressive motility; B,
slow progressive motility; C, non-progressive
motility; or D, no motility) (Kong et al.,
2017). In the present study, any type of sperm
motility was considered. The percentage of
total sperm motility was determined using a
high-magnification (400 x) light microscope
(Kong et al., 2017).

Morphological assessment was carried
out with 3 spreads for each sample and 200
sperm were counted for each preparation. The
sperms were classified as normal and
abnormal which included any of the following
(headless, detached head, flattened head,
pinhead, bent neck, bent tailed, coiled tail and
multiple abnormalities) (Arican et al., 2020).
Sperm viability was assessed by the eosin Y
stain (Ibrahim et al., 2020)

Blood sampling and Serum Hormonal Assay

Blood samples were collected by
cardiac puncture and kept at room
temperature for 30 min. After coagulation,
blood samples centrifugation at (4000 r.p.m /
4 0C) for 15 min to obtain serum. The serum
was preserved at -80°C until used for
hormonal assay. Serum luteinizing hormone
(LH) and serum testosterone were assayed by
using Cobas e411 analyzer in accordance with
the manufacturer’s protocols of the utilized
kits (Elecsys LH Kit, Cobas, Roche
diagnostic, USA) and (ab285350 — Mouse/Rat
Testosterone ELISA Kit, abcam, China);
respectively. The results were expressed as
milli-international ~ units  per  milliliter
(mIU/mL) for serum LH, while as results
were expressed as nanograms per milliliter
(ng/ml) for serum testosterone

Testicular homogenate preparation and
oxidative stress evaluation

The right testes were perfused in
phosphate buffered saline (PBS) (pH 7.4)
containing (0.16 mg/ml) heparin to remove
blood clots. Each testicular tissue sample
homogenized in 5-10 ml cold buffer (i,e, 50-
10 mM potassium phosphate PH 7.5, 1mM
EDTA) per gram tissue. Each sample of
testicular homogenates was centrifuged at
(4000 r.p.m/4 °C) for 15 min, and the
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supernatant layer stored at -80°C until used
for oxidative stress biochemical evaluation.
Colorimetric methods were used for assessing
the oxidative stress biomarkers in testicular
tissue homogenate and the used commercial
kits were purchased from (Bio-diagnostic®,
Giza, Egypt). The super oxide dismutase
(SOD) activity, the reduced Glutathione
(GSH) concentration and the malondi-
aldehyde (MDA) concentration  were
determined according to the methods of
(Beutler et al., 1963, Nishikimi et al., 1972;
Ohkawa et al., 1979) respectively. The results
expressed for SOD, GSH and MDA as unit
per gram of testicular tissue homogenate
(U/gm tissue), milligram per gram of
testicular tissue homogenate (mg/gm tissue)
and nanomole per gram of testicular tissue
homogenate (nmol/g. tissue) respectively.

Histopathological Examination:

Left testes were  kept for
histopathological and immuno-histo-
pathological analyses by immersion in 10%
neutral buffered formalin for 48 h preparing
for staining. Paraffin sections of five microns
thickness from the testicular tissue were cut
and stained by haematoxylin and eosin (H&E)
for histological examination by using a light
microscope (Olympus model BX53, Tokyo,
Japan) equipped with a digital camera
(Toucan type BX53, Japan).

Immunohistochemical investigation of
caspase-3 and TNF-a in the testes:

Paraffin sections (4 um thick) were
deparaffinized in xylene and rehydrated with
0.03% H202 to block the endogenous
peroxidases. After antigen retrieval in a
microwave for 20 minutes with a pH-neutral
sodium citrate buffer, the antigen was blocked
with 5% bovine serum albumin in tris

buffered saline. The sections were then
treated with a primary antibody against
caspase-3 (ab184787, 1: 1000 dilution) and
TNF-a (ab307164, 1: 200 dilution) for an
additional overnight period at 4 ° C. The ABC
kit was used to detect the reaction according
to the manufacturer's instructions (Sigma-
Aldrich, St. Louis, MO, USA). The sections
were then dried, mounted with a synthetic
glue medium, and counterstained with
haematoxylin, then analysis of tissue sections
was analysed by light microscopy (Hassan et
al., 2022).

Images were taken using a digital
camera (Toucan type BX53, Japan) linked to
a computer and a light microscope (Olympus
model BX53, Tokyo, Japan). For each rat in
each group, the testes were examined in five
randomly placed, 4 pum thick slices using a
40x lens and a 400x magnification (area:
0.071mm2). The area fraction of caspase-3
and TNF-a immune expression was the
estimated parameter. Image-j (Fiji) was used
for computerized image analysis. Brownish
coloration was indicative of immune
expression. Three separate-coloured images
were created using a colour deconvolution
plug-in with the H-DAB vector as the chosen
colour: green, brown, and blue. The DAB
images, which are coloured brown, were
calibrated by determining the area fraction
(Hassan et al., 2022).

Statistical Analysis

Data were analysed by using the
Statistical Package of Social Science (SPSS)
program for Windows (Standard version 26)
and data normality was approved by using
One-sample  Kolmogorov-Smirnov  test.
Continuous variables were presented as
means * standard deviation (SD). One-way
analysis of variance (ANOVA) test followed
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by Tukey-Kramer multiple comparisons post
hoc test were used for comparing the mean
values between the studied groups. The
threshold of significance was fixed at 5%
level (p-value). The results were considered
significant when the probability of error is
less than 5% (p < 0.05).

Results

Animals in all groups were included in
the study; as no reported mortality or
morbidity among all groups during the whole
period of the study.

As shown in (table (1); the (ACE)
group had significantly decreased final body
weight and testicular weight compared to the
control group. (ACE +Vit E), (ACE+C0Q10)
and (ACE +Vit E+Co0Q10) groups had
significantly increased body weight compared
to (ACE). Only rats of (ACE +Vit E+C0Q10)
groups achieved the control group values.
Testicular weight of (ACE +Vit E) and
(ACE+Co0Q10) groups were insignificantly
higher compared to (ACE) group. The (ACE
+Vit E+CoQ10) group had significantly
higher testicular weights compared to (ACE)
and achieved control group values. Final body
weight and testicular weight of rats in Qil,
(Vit E), (CoQ10) groups showed no
significant difference compared to control

group.

Table (1): Comparing the effect of ACE and co-administration of Vit E and/or CoQ10 with ACE
on final body weight and testicular weight of adult spurge dewily rats (n=48).

Control Oil Vit E CoQ10

ACE

ACE + ACE + ACE+VitE+  One-Way

Variables h ) t G c VItE  CoQ10 Q10 ANOVA
(=6 (=6 (n=6) (=) (=) (1) (n=6) (n=6) test
FnalBody  sesa 34667 385 5% 270+ 330+ 310% 36041 F=27.28
weight (g) * +764a +15a  10a  10b 5c 10¢ 0a p <0.001*
Testicular
: 370+ 380+ 380+ 286+ 323+  320% 3.90 + F=8.74
weight(9) 35380328 552 g20a 020a 015b  020b 0.10 b 010a  p<0.001*

F: One-Way ANOVA test followed by Tukey-Kramer multiple comparisons post hoc test.

Data expressed as mean + standard deviation (SD).

Values shown with different letters (a, b and c) are statistically different at P < 0.05*
Vit E: Vitamin E, CoQ10: Co enzyme Q10, ACE: Acetamiprid, n: number of rats in group, p: significance, g: gram.

Hormonal assay results revealed that,
(ACE) group had significantly lower LH and
testosterone levels compared to the control
group. The (ACE+ Vit E), (ACE+C0Q10) and
(ACE+VitE+Q10) groups had significantly
higher LH levels compared to (ACE) group.
In addition, (ACE+VitE+Q10) group had
significantly higher LH levels compared to
both (ACE+ Vit E) and (ACE+Co0Q10)
groups. Testosterone levels of (ACE+
VitE+Q10) group  were  statistically

significantly higher than those of (ACE)
group. Both (ACE+ Vit E) and (ACE+
CoQ10) groups had insignificantly higher
testosterone levels compared to (ACE) group.
Both LH and testosterone levels were
significantly lower than control levels in
(ACE+ Vit E), (ACE+C0Q10) and (ACE+
VitE+Q10) groups. Oil, (Vit E) and (CoQ10)
groups had no significant differences with
control group as regard LH and testosterone
levels (Table 2).
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Table (2): Comparing the effect of ACE administration and co-administration of Vit E and/or
CoQ10 with ACE on serum Testosterone and luteinizing hormone in adult spurge dewily

rats (n=48).

Contro . . ACE + ACE + ACE+VitE+ One-Way

Variables | (l?—IEIS) X]'E; 3?1961)0 é]C_ZeI;E) Vit E CoQ10 Q10 ANOVA
(n=6) - - - - (n=6) (n=6) (n=6) test

Luteinizing
hormone(L 2.35% 230+ 253+ 249+ 1.13 132+ d F=159.282
H) 011°  001* 002 013 s003® 139%005° g 1622027 o0
(mlUu/mL)
Testosteron 4.80 = 490 = 5.43 5.30 = 180+ b 220 ¢ F=134.870
(ng/ml) 020° 040° 020° 019° o002° 241*005 0.03 3.0+0.36 p < 0.001*

F: One-Way ANOVA test followed by Tukey-Kramer multiple comparisons post hoc test.

Data expressed as mean + standard deviation (SD).

Values shown with different letters (a, b, ¢ and d) are statistically different at P < 0.05*
Vit E: Vitamin E, CoQ10: Co enzyme Q10, ACE: Acetamiprid, n: number of rats in group, p: significance, mlU/mL milli-int

units per milliliter, ng/ml: nanograms per milliliter.

As regard semen analysis results
(Table 3) illustrated that, (ACE) group
significantly decreased sperms count and
percentage of sperms motility in line with
significant increase in percentage of dead
sperms and percentage of abnormal sperms
compared to control group. On the other hand,
(ACE +Vit E) group, (ACE+ CoQ10) group
and (ACE+VitE+CoQ10) group showed
significant increase in sperm count and
percentage of sperms motility as well as
significant decrease in percentage of dead
sperms and percentage of abnormal sperms
compared to (ACE) group. In addition, both

(ACE+ vit E) group and (ACE+VitE+Co0Q10)
group had significantly higher sperm motility
compared to (ACE+CoQ10) group. The
(ACE+VitE+C0Q10) group had significantly
lower percentage of dead sperms compared to
both (ACE+ Vit E) group and (ACE+Co0Q10)
group. Oil, (VitE), (CoQ10) groups showed
no significant difference compared to control
group as regard sperm count as well as
percentage of both dead sperms and abnormal
sperms. Both (Vit E) and (CoQ10) groups
showed significantly higher sperm motility
compared to control and oil groups.

Table (3): Comparing the effect of ACE and co-administration of Vit E and/or CoQ10 with ACE
on semen parameters in adult spurge dewily rats (n=48).

ACE +
. Control Ol VIitE  CoQi0 Ace ACE+ ACE+ np,  OneWay
Variables _ ~ _ = - VitE CoQ10 ANOVA
(n=6)  (n=6) (n=6) (n=6) (n=6) * ~ Q10
(n=6) (n=6) (n=6) test
Sperm Count 110+ 11633+ 12500+ 127.33 3000+ 6467+ 6800+ 80.00+  F=85094
(million / ml) 1008 7.09° 1.0*  +2517° 100"  503° 6.0° 50°  p<0.001*
s Glivoe 4267t 4200 5233% 4767+ 1233+ 2767+ 2233% 3233r  F=92481
Permmotiity o 2522 x10°  305° 251"  250° 20f 2179 252" p<0.001*
Sperm 1167+ 1133+ 1167+ 1233+ 3067+ 2433+ 2400+ 2033+ F=61.115
Abnormalities % 152 1538  152°  158% 208" 15°¢ 20° 15°  p<0.001*
Dead sbermse 2233 21.33 2000 2000+ 4767+ 4000  39.00+ 3267+ F=100.798
P 0 +15%  #153%  +100°  200°  351°  +10° 1.0° 208¢  p<0.001*

F: One-Way ANOVA test followed by Tukey-Kramer multiple comparisons post hoc test.

Data expressed as mean + standard deviation (SD).

Values shown with different letters (a, b, c, d and f) are statistically different at P < 0.05*
Vit E: Vitamin E, CoQ10: Co enzyme Q10, ACE: Acetamiprid, %: percentage, n: number of rats in group, p: significance, ml: m
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Oxidative  stress  evaluation in
testicular tissues of (ACE) group showed
significant decrease of the antioxidants SOD
and GSH; parallel to significant increase of
oxidative stress marker MDA compared to
control group. On comparison with (ACE)
group; (ACE + vit E), (ACE + CoQ10) and
(ACE+VitE+C0Q10) groups showed
significant improvement in the form of
significantly increased SOD and GSH as well
as significantly decreased MDA. Only GSH

achieved the control levels in (ACE+ vit E),
(ACE+CoQ10) and (ACE+VitE+CoQ10)
groups. As regard testicular SOD, GSH and
MDA, there was no statistically significant
difference between (ACE+ vit E) group,
(ACE+CoQ10) group and (ACE+ VitE+
CoQ10) groups. In addition, Oil, (VitE) and
(CoQ10) groups had no significant difference
in SOD, GSH and MDA testicular levels
compared to the control group (Table 4).

Table (4): Comparing the ACE induced testicular oxidative stress and the antioxidant effects of co-

administration of Vit E and / or CoQ10 with ACE in adult spurge dewily rats (n=48).

. . ACE+  ACE+ ACE+VitE One-Way
Variables C°”_tg°' O_'é V'Eg C°961° ASGE VItE  CoQl0  +Q10 ANOVA
(n=6) (n=6) (n=6)  (n=6) (n=6) (n=6) (n=6) (n=6) test
ggsgc(‘ﬂ?r 18853  188.70+ 12%1 197.77+ 8820+ 14450+ 137.64+ 15047  F=218.021
. g +1.232 8.80° t.080% 243" 2.23° 6.46 ° +570°  p<0.001*
tissue) 1.00
g"ssﬂc(‘#]aj 3352 277+  325% 248+ 080+ 230030 247+ 2.60 F=7.542
: 9'g. 0.39° 0.252 003* 115  0.19° 2 0.35° 0.40% p <0.001*
tissue)
Testicular 1153
MDA 1050+ 1103:02 o3 1000+ 4547¢ 2667+  2950% 2527+  F=110354
(nmol/g. 0.50° 52 o 095% 486" 2.14°¢ 0.36 ¢ 2.40° p < 0.001*
tissue)

F: One-Way ANOVA test followed by Tukey-Kramer multiple comparisons post hoc test. Data expressed as mean + standard
deviation (SD). Values shown with different letters (a, b, and c) are statistically different at P <0.05*

Vit E: Vitamin E, CoQ10: Co enzyme Q10, ACE: Acetamiprid, (SOD) Superoxide dismutase, (GSH) Reduced glutathione,
(MDA) malondialdehyde, (U/g tissue) unit per gram of tissue homogenate, (mg/g. tissue) milligram per gram of tissue
homogenate, (hmol/g. tissue) nanomole per gram of tissue homogenate, n: number of rats in group, p: significance.

The histological evaluation of testes in
the control group (Figures 1- A & 1-B)
revealed normal architecture in the form of
packed seminiferous tubules lined by
germinal epithelium and with narrow clear
lumens. The germinal epithelium contained
pyramidal-shaped Sertoli cells and multiple
layers of spermatogonia which were
supported by a thin basement membrane. The
interstitial spaces between the seminiferous
tubules were narrow and contained Leydig
cells. The oil group, (Vit E) group and
(CoQ10) group had normal testicular
architecture like the control group.

The (ACE) group (Figures 1-C & 1-D)
showed marked degenerative changes in the
form of distorted and disorganized
seminiferous tubules with few layers of

separated spermatogonia and widened lumen
that contained desquamated cells. Also, the
interstitial spaces showed marked widening as
compared to the control group.

The (ACE + Vit E) group (Figures 1-E
& 1-F) and (ACE+Co0Q10) group (Figures 1-
G & 1-H); showed variable histo-pathological
alterations in the form of irregular
seminiferous tubules with thinning of their
germinal epithelium and widened interstitial
spaces. Most of the tubules contained luminal
desquamated cells. The (ACE+ Vit E+
CoQ10) group (Figures 1-1 & 1-J) showed a
picture of regenerated seminiferous tubules
which appeared more packed with narrow
interstitial spaces and multiple layers of
germinal epithelium. Less marked luminal
desquamated cells were seen in the lumens.
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experimental groups. (A & B): represents the control group and showed normal testicular architecture,
displayed packed seminiferous tubules with narrow clear lumens (I) containing Leydig cells and lined by
germinal epithelium (g) supported by a thin basement membrane (arrow). The germinal epithelium contained
pyramidal-shaped Sertoli cell (S) and multiple layers spermatogonia (sg). The interstitial spaces between the
seminiferous tubules were narrow (is). (C & D) represents the (ACE) group and showed distorted and
disorganized tubules separated by widened interstitial spaces (between arrowheads). The germinal epithelium
was thin with a few layers of spermatogonia (sg) which appeared separated by leaving spaces (tailed arrows).
The tubular lumens (1) are widened and contain desquamated cells in lumen (curved arrow). (E & F) represents
(ACE+ Vit E) aroup and (G & H) represents (ACE+Co010) aroup both aroups showed variable
histopatholoaical alterations the form of irreqular seminiferous tubules with thinning of their germinal
epithelium and widened interstitial spaces (is). Most of the tubules contain luminal desquamated cells (curved
arrow). (I & J): represents (ACE+VitE+CoQ10) group which showed a picture of regenerated tubules which
appeared more packed with narrow interstitial spaces (is) and multiple layers of geminal epithelium (g). Less
marked Iuminal)desquamated cells (curved arrow) were seen in the lumens (H & E; A, C, E, G, | x 100 and B,
D, F, H, J x 400).
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The immunohistochemical evaluation
of the control group revealed negative
immune reaction to both Caspase-3 (Figure 2-
A) and TNF o (Figure 3-A) in testicular
tissues. Also, testicular tissues of oil group,
(Vit E) group and (CoQ10) group showed
negative reaction to Caspase-3 and TNF-a
with no statistically significant difference
compared to the control group (Table 5).

As shown in (Figures 2- B, 2-C, 2-D
& 2-E) and (Table 5); Caspase-3 reaction was
the strongest in (ACE) group compared to
other groups. The (ACE+ Vit E) group and
(ACE+Co0Q10) group showed significant
decrease in Caspase-3 expression compared to

(ACE) group although this improvement did
not reach the control levels; while as the
(ACE+ Vit E+ C0Q10) group showed marked
decrease in caspase-3 reaction that achieved
the control levels.

As illustrated in (Figures 3-B, 3-C, 3-
D & 3-E) and (Table 5); (ACE) group had the
strongest reaction to TNF- a compared to
other groups. In addition, (ACE+ Vit E)
group, (ACE+C0Q10) group and (ACE+ Vit
E+ CoQ10) group showed significantly
decreased TNF-a expression compared to
(ACE) group, although this anti-inflammatory
effect didn’t reach the control levels.

Fig. (2): Representative photomicrograph of immune-histochemical caspase-3 expression in testicular tissues
from different experimental groups. (A): showed negative Caspase-3 reaction in control group. (B):
showed the strongest positive reaction in (ACE) group. (C) and (D): showed mild positive Caspase-3
reaction in (ACE+ Vit E) and (ACE+CoQ10) groups, respectively. (E): showed faint Caspase-3
reaction in (ACE+VitE+CoQ10) group. The arrows pointed to the positive caspase-3 reaction. Image

magnification= x 400.
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Fig. (3): Representative photomicrograph of immune-histochemical TNF-a expression in testicular tissues from
different experimental groups. (A): showed negative TNF-a reaction in control group. (B): showed the
strongest TNF- a positive reaction in (ACE) group. (C) and (D): showed mild positive TNF- a reaction in
(ACE+ Vit E) and (ACE+CoQ10) groups, respectively. (E): showed faint TNF o reaction in
(ACE+VitE+Co0Q10) group. The arrows pointed to the positive TNF-a reaction. Image magnification= x 400.

Table (5): Comparing the testicular expression of Caspase-3 as well as TNFa (area %) between the
studied groups (n=48).

Control ol VIitE CoQ10 ACE ACE + ACE+ ACE+VitE One-Way

Variables _ _ _ = ~ Vit E CoQ10 +Q10 ANOVA
(n=6)  (n=6) (=) (=)  ("=6)  (nze)  (n=6)  (n=6) test
Caspase.s 2077+ 2156 2050 1950+ 71;45 4665+ 492+ oo ... F=30201
P 101°  £10° #10° 101° T 55 5.8° OrE0 p <0.001*
1335+ 1280 1233 1103+ ®72T 3780+ 3841 . F=43.474
TNF-(I a a i a i Cc [ 25.98 i 9.7
260°  *141° T 050° T, 105 8.1 p < 0.001*

F: One-way ANOVA test followed by Tukey-Kramer multiple comparisons post hoc test.

Data expressed as mean + standard deviation (SD).

Values shown with different letters (a, b, and c) are statistically different at P < 0.05*

Vit E: Vitamin E, CoQ10: Co enzyme Q10, ACE: Acetamiprid, n: number of rats in group, p: significance, TNF «
necrotic factor alpha.
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Discussion

The ACE is one of the most widely
used nicotinamide pesticides (Zuscikova et
al., 2023). Various human and experimental
studies concerned with ACE induced male
reproductive toxicity (Neghab et al., 2014;
Arican et al., 2020). Both Vit E and CoQ10
are natural agents which have beneficial
effects on male reproduction (Oyovwi et al.,
2022 and Zayman et al., 2022). The current
wok aimed at investigating protective effect
of Vit E and/or CoQ10 against ACE male
reproductive toxicity.

In accordance with Zayman et al.
(2022); the current ACE exposed rats had
significantly lower serum levels of both
testosterone and LH in compared to control
group, despite the number of Leydig cells was
not decreased in ACE group compared to
controls. Accordingly, EL-Hak et al. (2022)
reported that ACE decreased LH serum levels
in a dose dependent manner in adult male rats.
The testosterone deficiency in ACE
intoxicated animal models could be assumed
to ACE central effect on hypothalamus-
pituitary-testicular axis by decreasing the
pituitary secreted LH. Besides, Arican et al.,
(2020) found that testosterone deficiency was
linked to decreased serum cholesterol level, a
precursor for testosterone biosynthesis, in
ACE exposed rats.

Terayama et al. (2018) reported the
link between the nicotine like action of ACE
and the inhibition of testosterone synthesis; as
the ACE exposed mice showed decreased
Leydig cells expression of nicotinic
acetylcholine  receptors  subunit  genes
(nAChRs 04, a7), in line with decreased
testosterone-  metabolism  genes  [the
steroidogenic acute regulatory protein (StAR),
cytochrome P450, family 11, subfamily a,
polypeptide 1 (CYP11Al), and hydroxy-
delta-5-steroid dehydrogenase, 3 beta- and
steroid delta-isomerase cluster (HSD3B)].

The StAR protein is essential for
mitochondrial transportation of cholesterol,
where  cholesterol is  converted to
pregnenolone by CYP11Al. In the
endoplasmic reticulum, HSD3B converts the
pregnenolone to progesterone which s
catalyzed finally to testosterone (Kong et al,
2017).

Inconsistent with our results; (Zhang
et al.2011, Kong et al.2017 and Arican et al.,
2020) demonstrated increased LH serum
levels, in line with decreased testosterone
serum levels, in ACE intoxicated rats. Kong
et al. (2017) explained the increased LH
levels by the compensatory feedback response
in the hypothalamus-pituitary-testicular axis
to the decreased testosterone.  This
discrepancy could be assumed to variability in
ACE induced hormonal changes according to
difference in doses and duration of exposure
to ACE (EL-Hak et al., 2022).

Similar to Zhang et al. (2011),
significant reduction in body as well as
testicular weights were observed in ACE
treated rats in the current work. Mondal et al.
(2015) attributed the decreased body weight
to reduced feed intake in ACE treated animals
compared to control; due to anorectic effect of
ACE. In consistent with our findings; (Devan,
et al 2015 and Mosbah et al., 2018) attributed
the decreased testicular weight and increased
body wight in ACE exposed model to reduced
testosterone as well as pituitary FSH and LH.
In partial agreement; (Terayama et al., 2018;
Arican et al., 2020) reported deceased body
weight while as the testicular weight was not
affected in ACE exposed rats. Different from
our results, Toghan et al. (2022) found that
ACE treated group had significantly increased
the testicular weight in line with decreased
body weight. The increased testicular weight
was attributed to oedema and congestion;
while as, in late stages, the decreased
testicular weight occurred due to marked
degenerative changes (Rachid et al., 2013).
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The current results agreed with (Kong
et al, 2017, Kenfack et al., 2018; Moshah et
al., 2018; Guiekep et al., 2019; Toghan et al.,
2022) who approved the association between
induction of testicular oxidative stress and the
decreased semen quality in ACE exposed
animal models. Interestingly, meticulous
balance of free oxygen radicals is needed for
spermatogenesis. The integrity of cell
membrane is essential for motility and vitality
of mature sperms (Toghan et al., 2022).

Oxidative  stress refers to the
imbalance between the increased free oxygen
radicals and the decreased enzymatic (e.g.,
SOD) and /or non-enzymatic (e.g., GSH) free
radicals’ scavengers (Mosbah et al., 2018).
Oxidative stress in Leydig cells decreases the
mitochondrial dependent steps of testosterone
biosynthesis (Yilmaz et al.,, 2018). Free
oxygen radicals lead to DNA damage and
lipid peroxidation of cell membrane which
affects both spermatogenesis and sperm
parameters (Kenfack et al., 2018). In partial
agreement with us; Humann-Guilleminot et
al. (2019) reported that in birds exposed to
ACE, the GSH and MDA levels were not
affected, while as sperm count and SOD level
were decreased. This discrepancy could be
assumed to species, dose and duration
differences.

In harmony with (Zhang et al., 2011;
Rachid et al.,, 2013; Kong et al.,, 2017;
Terayama et al., 2018; Zayman et al. 2022),
the current histological examination of ACE
group revealed testicular  degenerative
changes and impaired spermatogenesis. Kong
et al. (2017) explained the impaired
spermatogenesis by ACE induced testosterone
deficiency as well as ACE induced oxidative
stress. Like our findings; (Zayman et al.,
2022; Sevim et al., 2023) observed increased
testicular Caspase-3 expression in ACE
exposed rats. Apoptosis represents the
programmed cell death. Although
physiological apoptosis is essential for

eliminating abnormal spermatogenic cells,
excessive apoptosis leads to impaired
spermatogenesis (Zayman et al. 2022). The
process of apoptosis is executed either
through the mitochondrial pathway and/or the
extrinsic pathway which is initiated via death
receptors on the cell membrane. Caspases are
cysteine - aspartic proteases which act as the
initiators of both apoptotic pathways (Sevim
et al., 2023). Once Caspase-3 is activated, the
apoptosis  process will be irreversible
(D’Arcy, 2019). Accordingly, Zhang et al.
(2011) reported that oxidative stress activated
the proapoptotic pathway p38 mitogen-
activated protein  kinase (MAPK) by
phosphorylation in testes of ACE exposed
mice. In addition, free radicals change the
mitochondrial membrane permeability with
subsequent  activation of  apoptotic
mitochondrial pathway (Kong et al., 2017).
Furthermore, decreased cell
proliferation biomarkers were considered as
possible mechanism of ACE impaired
spermatogenesis, as Terayama et al. (2018)
reported decreased marker of proliferation
Kiel 67 (Ki67) and topoisomerase Il alpha
(Top2a) in testes of ACE intoxicated mice.
Arican et al. (2020) reported decreased
proliferative cell nuclear antigen expression in
line with increased apoptotic index in
seminiferous tubules of ACE exposed rats.
Furthermore, the current ACE
administration significantly increased TNFa.
expression as a marker of testicular
inflammation. In line with our results, the
ACE exposed animal models showed
increased  expression of inflammatory
mediators [TNFa, interleukin-1B (IL-1P), and
nuclear factor kappa B-(NF-«B)] in cerebral
cortex (Albrakati , 2024), in liver tissue
(Phogat et al.,, 2023) and in renal tissue
(Alhusaini et al., 2019). Shakthi Devan et al.
(2015) approved the immune toxicity due to
ACE exposure in the form of macrophages
functions disruption with subsequent release
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of proinflammatory cytokines. In general,
oxidative stress and inflammation form a
close circuit. Free radicals associated with
increased (NF-xB) which recruit
inflammatory cells. In turn, inflammatory
mediators as TNF-a can induce more
production of free radicals (Alhusaini et al.,
2019)

In agreement with (Zhang et al.,
2011; Kong et al., 2017; Zayman et al., 2022),
the present co-administration of Vit E with
ACE significantly improved all sperm
parameters and testicular  degenerative
changes in line with Vit E antioxidant effects.
Like our results, Zayman et al., (2022)
reported significant decreased testicular
expression of proapoptotic Caspase-3 on
using Vit E with ACE. In line with our
results, adjuvant treatment with Vit E
decreased testicular inflammatory mediators
including TNFo, in lead intoxicated rats
(Khafaji, 2023) and in monosodium glutamate
exposed rats (EI Kotb et al., 2020). In
addition, the present administration of Vit E
with ACE led to significantly increased serum
LH and insignificantly increased serum
testosterone compared to ACE treated group.
Accordingly, Kong et al. (2017) used Vit E as
adjuvant with ACE and reported increased
serum testosterone via increased expression of
testosterone - metabolism genes (CYP11A1,
STAR, and HSD3B) at both the protein and
MmRNA levels. Karanth et al. (2003)
demonstrated increased pituitary LH, in
response to Vit E supplement in healthy rats,
via increased the hypothalamic luteinizing
hormone-releasing hormone (LHRH).

Current findings revealed that co-
administration of CoQ10 with ACE improved
all the investigated semen parameters with
remarkable CoQ10 antioxidant effects. On
reviewing literature, no previous studies
investigated CoQ10 ameliorating effects
against ACE induced male reproductive
toxicity. Our results agreed with, several

studies that used COQ10 as adjuvant therapy
against testicular injury in animal models of
the following conditions: high magnetic fields
(Ramadan et al.,, 2002), oxytetracycline
toxicity (Oda et al., 2018), varicoceles
(Najaran et al., 2019), sodium arsenate
toxicity (Sharma et al., 2021) and high fat diet
(Allam et al, 2022). In the present findings,
(ACE+CoQ10) group had significantly
increased LH and insignificantly increased
testosterone levels compared to ACE group.
Unlike our results, EI-Sherbiny et al. (2022)
reported significantly increased testosterone
with COQ10 adjuvant treatment in heat
induced testicular injury.

Present data demonstrated anti-
inflammatory and antiapoptotic effects of
CoQ10 with mitigation of ACE induced
degenerative changes in testicular tissue.
Accordingly, CoQ10 cotreatment decreased
expression of TNFa, nuclear factor-xB and
Caspase-3 in testicular tissues of arsenic
intoxicated rats (Fouad et al., 2011). Also,
antioxidant effects of COQ10 suppressed the
expression of inflammatory markers (TNFa
and interleukin-1 beta), attenuated expression
of proapoptotic factors (Bax and Caspase-3)
and induced expression of anti-apoptotic
(Bcl2) in testicular tissues of lead intoxicated
rats (El-khadragy et al., 2020).

Interestingly, the exact protective dose
of COQ10 in male reproduction is still not
established either in human or animal studies
(Salvio et al., 2021). Various doses of CoQ10
had been wused to achieve its male
reproductive protecting effects  e.g.
(75mg/kg/day) which was used in current
work and was used by (Najaran et al., 2019,
Allam et al, 2022) for (60 days and 3 months,
respectively. Higher dose of CoQ10
(200mg/kg/day) was used by (Ramadan et al.,
2002) three times per week for 2 weeks, while
as, lower dose (10 mg/kg/day) was used by
(Oda et al., 2018) for 30 days.

Mansoura J. Forens. Med. Clin. Toxicol., Vol. 33, No. 1, Jan. 2025



Abd El Rahman et al.

103

In the current study combined usage
of Vit E and CoQ10 had significant
ameliorating effects against ACE induced
effects on (body weight, testicular weight,
serum testosterone, serum LH, sperm
motility, number of dead sperms and caspase-
3 expression) compared to individual usage of
each agent. This finding can be explained by
the synergistic effect of concurrent Vit E and
Co0Q10 usage; as well as the ability of CoQ10
to act as Vit E precursor (Ognjanovi¢ et al.,
2010). Notably, no significant differences
were observed between the protective effects
of vit E, CoQ10 and their combined usage as
regard oxidative stress markers, sperm count,
sperm abnormal forms and TNFa expression.
In consistent with our findings, the combined
use of Vit E and CoQ10 had more effective
testicular antioxidant effects compared to
individual administration of each agent in
arsenic intoxicated rats (Sharma et al., 2021),
and in cadmium intoxicated rats (Ognjanovic¢
et al., 2010). Different from our data; (Arda et
al.,, 2021) found that CoQ10 had more
remarkable testicular antioxidant effect than
Vit E against ischemia/reperfusion injury in
rats. This discrepancy could be assumed to
variability —of agents with  different
mechanisms of actions that were responsible
for testicular injury in each study. Moreover,
in current study, Vit E was superior to CoQ10
in improving sperm motility in ACE exposed
rats. Similarly, Vit E showed more
remarkable improving effects compared to
melatonin against ACE male reproductive
toxicity (Zayman et al., 2022). Similar to
(Raouf and Taha, 2021); the -current
administration of Vit E and CoQ10 to healthy
rats in (Vit E and CoQ10) groups, had
significantly better sperm motility compared
to control group, with no significant
difference between them.

To conclude; the current study agreed
with the previous studies concerned the ACE
induced male reproductive toxicity. The

present exposure to ACE was associated with
impaired spermatogenesis and poor semen
quality via several mechanisms including
endocrine disruption as well as induction of
testicular oxidative stress, inflammation and
apoptosis. The usage of Vit E and /or COQ10
as adjuvant therapy with ACE was associated
with ameliorating most of the ACE toxic
effects. It was noted that the combined use of
Vit E and CoQ10 was superior to the single
use of each agent in increasing (body weight,
testicular weight, sperm motility, sperm
vitality, serum testosterone and serum LH) as
well as decreasing testicular expression of
Caspase-3.

Yet some of the investigated
parameters failed to achieve control levels
despite significant improvement compared to
ACE group. The GSH achieved control levels
with either single or combined use of Vit E
and CoQ10; while as body weight, testicular
weight and testicular Caspase-3 expression
returned to control values with combined use
of Vit E and CoQ10. Hence, the combined
use of Vit E and CoQ10 could be considered
in ameliorating ACE induced male
reproductive toxicity. A possible limitation in
the current work is that the ACE withdrawal
effect, on the possibility of either amelioration
or recovery of male toxicity, was not
evaluated. Further investigations of other
reported protective doses CoQ10 against ACE
induced male reproductive toxicity alone or
with Vit E and other antioxidants is highly
recommended, in line with evaluation of other
subcellular pathways e.g., endoplasmic
reticulum stress and autophagy.
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