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Widespread application of carbendazim (Carb) in agriculture and veterinary is a major environ-
mental concern because of its residues that disrupt spermatogenesis. Recently, coenzyme Q10
(CoQ10) supplementation has demonstrated various health benefits due to its anti-apoptosis and
anti-inflammatory nature. Thus, the present study aimed to investigate the possible mechanistic
pathway of CoQ10 in Carb-induced reproductive dysfunction in male rats. Adult male Wistar
rats were orally exposed to Carb (150 mg/kg) singly or in combination with CoQ10 (200 mg/kg).
The rats received their treatments daily for 9 weeks. At the end of the work, the testis specimens
were excised for histological (H & E staining), immunohistochemical, hormonal, and molecular
(real-time quantitative PCR) assessments. The Carb group showed adverse testicular alterations
confirmed by immunostaining and demonstrated a significant upregulation of Bax and Caspase-3
expression, while exhibiting a notable reduction in the immunopositivity of Bcl-2 protein within
the testes of rats. Real-time PCR analysis revealed that Carb treatment decreased the expression
of miR-202-5p with a concomitant decline in concentrations of testosterone and LH hormones.
Conversely, in Carb-treated rats, co-treatment with CoQ10 restored the tissue architecture, hor-
monal disturbance, and declined apoptotic index to near control level. In addition, high expression
of miR-202-5p was observed in the Carb + CoQ10 group, and testicular tissues returned to nearly
normal histological architecture. We concluded that Carb causes adverse testicular alterations via
miR-202-5p/apoptosis pathway, and CoQ10 may prove useful in combating Carb-induced adverse
effects via its anti-apoptotic and gene regulatory effects.
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Introduction NG

Environmental pollutants are considered the most
hazardous problems worldwide. The excessive use of
agricultural fungicides is one of the principal causes
of environmental pollution. Generally, fungicides are
widely used in agriculture to enhance crop growth
and yield by controlling fungal diseases]1[. Carben-
dazim (Carb: methyl-2-benzimidazole carbamate) is
a highly effective benzimidazole fungicide against a
wide range of fungi and is widely used throughout
the world ]1-3[. Meanwhile, the Carb could enter
into human or animal bodies through skin absorp-
tion, as well as food or drinking water contamination
]1[. Also, this substance is often transported through
rain to food and water sources and seriously harms
human and animal health ]4, 5[. Therefore, Carb is
one of the most widespread environmental contami-
nants of major concern to human and animal health
]6[. Currently, the Carb has been recognized as a tes-
ticular toxicant in male rats ]3[. Also, the Carb could
induce male reproductive toxicity in different mod-
el animals ]1,3, 7[. Carb has also been confirmed to
interfere with hematopoiesis and metabolism, and
induce chromosomal abnormalities by damaging
DNA in various tissues |8[. Accordingly, exposure to
Carb leads to testicular tissue abnormality and, con-
sequently, impaired spermatogenesis. Consequently,
these effects lead to testicular tissue disorders and re-
duced fertility in male rats ]3,9-12[. An increase in the
incidence of testicular germ cell apoptosis is a com-
monly reported occurrence after Carb exposure ]13[.
Also, according to previous studies, exposure to Carb
adversely affects the testes, resulting in suppression
of steroidogenesis, induction of oxidative stress, and
apoptosis in rats' testes ]14-15[, which consequently
leads to degeneration of germinal tubules and loss of
spermatogenic cells.

Coenzyme CoQ10 (CoQ10), also known as ubi-
quinone, is a useful compound naturally found in
some substances. This molecule also functions as a
crucial cofactor within the electron transport chain,
playing an integral role in oxidative phosphorylation
and adenosine triphosphate (ATP) production with-

CoQ10: Coenzyme CoQ10

ATP: Adenosine triphosphate

miRNAs: microRNAs

Carb+ CoQI0: Carbendazim and Coenzyme CoQ10
FSH: Follicular Stimulating Hormone

LH: Luteinizing Hormone

H&E: Hematoxylin and Eosin stain

ELISA: Enzyme-linked immunosorbent assay
IHC: Immunohistochemistry

RT-PCR: Real-time polymerase chain reaction
ROS: Reactive oxygen species
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in the mitochondria ]16[. Furthermore, CoQ10 sup-
plementation has been found to be advantageous in
both the treatment and prevention of several health
issues, including testicular dysfunctions]17[. Due to
its anti-apoptosis, antioxidant, and anti-inflammatory
properties ]18,19[; a lot of research has been done re-
cently on the protective effects of CoQ10 against male
infertility and sperm abnormality caused by different
chemical compounds. For example, the ameliorative
effect of CoQ10 against the toxicity caused by bisphe-
nol-A has been investigated in the testicles of rats.
Based on this, oral treatment of animals with CoQ10
at the rate of 10 mg/kg of body weight per day for 14
consecutive days combats cellular stress, improves the
testicular structure, and consequently enhances the
quality and viability of sperm cells ]20[. In another
study, supplemental dietary CoQ10 was reported to
enhance testicular functions by inhibiting lead accu-
mulation, oxidative stress, inflammation, cell apopto-
sis, and restoring the adverse histological changes in
rats treated with lead acetate. Therefore, this substance
has been considered a natural therapeutic agent to
protect against reproductive disorders associated with
exposure to lead acetate |21[. However, the role of
CoQ10 in Carb-caused testicular dysfunction is still
unclear.

Spermatogenesis is a distinct biological process
that occurs within the seminiferous tubules of the tes-
tes. Sertoli cells inside the seminiferous tubules and
Leydig cells in the interstitial space of testicular tis-
sue play an essential role in starting and maintaining
sperm growth and also in regulating male hormone
production ]22[. The growth and function of the testis
are strictly regulated by microRNAs (miRNAs), which
regulate the expression of numerous protein-coding
genes associated with cellular differentiation in the
male reproductive system. Also, different types of
male infertility, such as asthenospermia, oligosper-
mia, azoospermia, and teratozoospermia, have been
evaluated using miRNAs as molecular biomarkers
]123-24[. Additionally, the processes of spermatogonial
differentiation and the initiation of meiosis during
spermatogenesis are subject to stringent regulation by
various genes, including those that encode enzymes
involved in the biogenesis of miRNAs ]25[. Moreover,
there is a large set of miRNAs within the male repro-
ductive system that play vital roles in the mammali-
an spermatogenesis by modulating the expression of
protein-coding genes involved in different cell main-
tenance, predominantly Sertoli cells and Leydig cells
123,26-27[. As reported, miR-202 plays a crucial role
in inhibiting premature spermatogonial differentia-
tion and the initiation of meiosis during spermato-
genesis in mice, and its silencing is accompanied by
the age-dependent decline of fertility ]25]. However,

Karimi et al., IJVST 2025; Vol.17, No.2
DOI: 10.22067/ijvst.2025.89476.1411

Mitigative effect of coenzyme Q10 on carbendazim challenged
testicular tissue



RESEARCH ARTICLE

whether and how miR-202-5p may affect the toxicity
of Carb remains unclear.

Despite the information mentioned above, the
current literature on the possible protective role and
the mechanisms of CoQ10 supplementation against
adverse reproductive effects caused by Carb is limited.
Therefore, our objective was to examine the possible
effect and mechanism of CoQ10 on Carb-induced
testicular apoptosis, hormonal dysfunction, and the
expression patterns of miR-202-5p.

Results NN

Animals of different groups did not have any
macroscopic anatomical changes. Histological exam-
inations of the control and CoQ10 groups revealed
a normal histoarchitecture of the interstitial Leydig
cells and seminiferous tubules, which exhibited a se-
quential arrangement of germ cells at various stages of
differentiation, with the lumens filled with spermato-
zoa. In contrast, the Carb-treated group displayed ir-
regular degenerative changes in the epithelium of the
seminiferous tubules, accompanied by hyperemia of
the blood vessels, interstitial edema with eosinophilic
secretions, and infiltration of inflammatory cells (Fig-
ure 1b). The Carb-evoked changes in the histological
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aspect of the testes were partially restored by CoQ10
therapy, but there were still bubbly areas in the thick-
ness of the seminiferous tubules that lacked germ cells
(Figure 1c).

These above-mentioned findings were also con-
firmed by quantitative histomorphometric examina-
tion. The histomorphometric evaluation of the testes
revealed a significant reduction (p < 0.05) in quantita-
tive parameters, such as epithelial thickness, tubular
diameter, and Leydig cell count within the interstitial
tissue of rats administered with Carb (Figure 2). In
contrast, the measurements of the epithelial thickness,
tubular diameter, and Leydig cell count of the Carb +
CoQI10 group were found to be substantially higher
than those recorded in the Carb-treated group (Figure
2).

To determine whether Carb-induced abnormal-
ities occur via the apoptosis process, the expression
levels of the pro-apoptotic protein Bax, caspase-3,
and the anti-apoptotic protein Bcl-2 were evaluated
using immunohistochemistry techniques. Compared
with the control group, Carb exposure significant-
ly increased the immunoreactive activity of Bax and
Caspase 3, as well as decreased the immunoreactivity
of bcl-2 protein in tissue sections of the testis. Oth-
erwise, the declined immunoreactive activity of Bax

A N L

Photomicrograph of Tissue Sections of Testicular Parenchyma in the Control and Carb-treated Groups, Stained
with the Hematoxylin-Eosin Method. A, Control group: the regular morphology of the seminiferous tubules with
the accumulated lumen of spermatozoa is seen. B, Damaged testicular tissue in the Carb-treated rats with de-
creased cell density (stars), especially spermatozoa, detachment of germinal epithelium, and depletion of the in-
terstitial tissue edema (black arrows). C, Testis structure in the Carb+CoQ10 group shows partial improvement
of testicular tissue toward normal appearance, although there are still bubble-like areas in the thickness of the
seminiferous tubules that lack germ cells (black arrows). D, testicular tissue in the CoQ10 group shows normal
tissue architecture similar to the control group. (H&E staining, 100X, scale bar=75um).
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Figure 3.
Photomicrograph of Tissue Sections of Testicular Parenchyma in Different Studied Groups, Stained by IHC Method to Check

Bcl-2 Protein Expression Level. A, Bcl-2 protein expression values in testicular tissue. B, Bcl-2 protein expression quantifica-
tion chart compared to the control group.
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Figure 4.

Photomicrograph of Tissue Sections of Testicular Parenchyma in Different Studied Groups, Stained by IHC Method to Check
Bax Protein Expression. A, Bax protein expression values in testicular tissue. B, Bax protein expression quantification chart
compared to the control group.

Figure 5.

Photomicrograph of Tissue Sections of Testicular Parenchyma in Different Studied Groups, Stained by IHC Method to
Check the Level of caspase 3 Protein Expression. A, Caspase 3 protein expression values in testicular tissue. B, Quantifi-
cation diagram of caspase 3 protein expression compared to the control group.
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and caspase 3, as well as the enhanced immunoreac-
tivity of Bcl-2, were seen in the testis sections of the
Carb + CoQ10 rats, compared to the Carb group. These
results mean a significant modulation in the apopto-
sis-related proteins when CoQ10 was combined with
Carb administration (Figures 3a to 5a). In this regard,
the quantification assessments of immunoreactivity of
Bax, Caspase 3, and Bcl-2 confirmed the histological
results. Consequently, it can be inferred that CoQ10
mitigates Carb-caused testicular apoptosis by elevat-
ing the levels of pro-apoptotic proteins while concur-
rently reducing the levels of anti-apoptotic protein
(Figure 3b to 5b).

ns
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Figure 6 depicts how Carb and CoQ10 therapy
altered testosterone and LH hormones across var-
ious groups. Specifically, the levels of testosterone
and LH in the Carb-treated group were significant-
ly reduced in comparison to the control and Carb +
CoQ10 groups. By contrast, compared to the Carb
alone group; co-administration of CoQ10 with Carb
could modulates the serum testosterone and LH lev-
els significantly. FSH levels did not show significant
between group differences (Figure 6).

The basal amount of miR-202-5p in the testicular
tissue of different groups was assessed by the real-time
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Figure 6.

The Protective Effect of CoQ10 on the Hormonal Function Criteria of the Hypothalamus-Pituitary-Testis Axis
in all Groups. Values are presented as mean + standard error of the mean (n=7). A, serum testosterone concen-
tration. B, serum luteinizing hormone (LH) concentration. C, serum follicle-stimulating hormone (FSH) con-
centration. Insertion of * in the top of each column means a significant difference at the p < 0.05 level, ** means
a significant difference at the p < 0.01 level, *** means a significant difference at the p < 0.001 level, **** means
there is a significant difference at the p < 0.0001 level. ANOVA, Tukey's multiple comparisons test.

PCR analysis. To check the specificity,
sensitivity and confirmation of the ac-
curacy of real-time PCR products, the
standard diagram of efficiency, ampli-
fication, and drawing of the melting
curve was used. The highest expression
of miR-202-5p was seen in the testicular
tissue in the control and CoQ10-receiv-
ing groups. However, compared with
the normal control rats, the Carb-ad-
ministered group expressed a low level

(Fold change)

of miR-202-5p. By contrast, the expres-
sion level of miR-202-5p was signifi-
cantly upregulated in Carb + CoQ10
compared with Carb-exposed rats (Fig-
ure 7).

Testicular expression of MiR-202/U6
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e
% %k % Figure 7.
The Real-time qPCR Results

%k % % %k % %k Regarding Regulatory Effect
| of CoQ10 on the Expression
of miR-202-5p in Testicu-
lar Tissues of All Groups.
Insertion of * in the top of
each column means a sig-
nificant difference at the p
< 0.05 level, ** means a sig-
nificant difference at the p <
0.01 level, ** means a sig-
nificant difference at the p <
0.001 level, ***means there
is a significant difference at
the p <0.0001 level. ANOVA,
Tukey's multiple compari-
sons test.
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Representative Summary of the Protective Role of CoQ10 Against Carb-Induced Testicular Alterations in Rats

Discussion I

In the past few decades, male reproductive toxi-
cology has attracted increasing concern because of fre-
quent contact with chemicals due to lifestyle hypothe-
sis and contamination of soil, drinking water sources,
and agricultural products. Also, these toxicants signifi-
cantly worsen sperm quality ]34-35[. Carb is widely
used in the control of various agricultural pathogens,
and its chronic usage has hazardous impacts on the
male genital system, which appears as a critical health
issue ]36,7,37[. Our findings indicated that Carb ad-
ministration causes testicular toxicity via induction
of apoptosis and downregulation of miR-202-5p. In
this regard, abnormal testicular histoarchitecture in-
duced by Carb exposure via induction of apoptosis
has been reported by the previous researcher ]15,37].
Conversely, treatment with CoQ10 in this study was
associated with the improvement of miR-202-5p lev-
el, which coincided with the suppression of apoptosis
(Figure 8). It was demonstrated that CoQ10 has go-
nado-protective effects against bisophenol A-induced
toxicity ]38[ and is regarded as a clinical agent mainly
for the medical treatment of asthenospermia-caused
male infertility] 39[. Carb intoxication adversely led
to changes in the hypothalamus-pituitary-testis ax-
is’s functionality along with a significant increase in
experimental tissue injury scores, which was signifi-
cantly mitigated by CoQ10. Previous research has re-
ported similar results, including the disruptive effect

of Carb on the endocrine glands ]7].

In the group treated with Carb + CoQ10, a sig-
nificant improvement was observed in the histo-
logical and histomorphometric criteria of the testis
compared to the Carb group. On the other hand, ad-
ministration of CoQ10 in animals treated with Carb
increased the immunoreactive activity of bcl-2 pro-
tein and decreased the immunoreactive activity of bax
and caspase 3 proteins compared to the Carb group.
These findings may imply the anti-apoptosis charac-
teristic of CoQ10. Currently, CoQ10 has unique prop-
erties that make it potentially beneficial in a variety of
testicular injury situations. First, endogenous CoQ10
is concentrated in the inner mitochondrial mem-
brane in the middle part of sperm and regulates the
bioenergetics of sperm mitochondria ]40[. The de-
velopment of testicular cells requires the active pres-
ence of bioenergy, and CoQ10 serves as a cofactor for
the mitochondrial electron transport chain during
the production of ATP. Consequently, CoQ10 is in-
tegral to cellular bioenergetics, which has facilitated
its clinical use in addressing tissue-related disorders
]41]. Second, in addition to its function in ATP pro-
duction, CoQ10 exhibits properties as a lipophilic
antioxidant, functioning as an effective scavenger of
ROS and possessing anti-apoptotic effects within the
testicular environment ]38[. Third, CoQ10 is natu-
rally found in semen, and its amount in the seminal
fluid of men correlates with their sperm count and
sperm motility]39[. Therefore, its positive effect on
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the structure and function of the testis can be due to
its involvement in the cellular processes of the testis.
In the present study, in confirmation of CoQ10-in-
duced structural improvement of testicular histol-
ogy, lower testosterone and LH levels were reversed
by CoQ10 supplementation, which implies ameliora-
tion of Carb-induced spermatogenic damage. These
results are supported by those of El-Khadragy et al.,
who demonstrated a stronger inhibition of apopto-
sis and testicular histopathological changes in mice
co-administered with CoQ10 and lead acetate ]42][.
Moreover, it has been stated that adding CoQ10 and
L-carnitine to semen in vitro can improve sperm mo-
tility ]39[. In addition, in another study, CoQ10 could
protect the testes against methotrexate-caused gonad
toxicity in mice. This ameliorative effect of CoQ10 was
attributed to its antioxidant and anti-apoptotic prop-
erties and modification of the Bax/Bcl2 ratio ]43[.

Many researchers have tried to discover the
mechanisms underlying Carb's disruption of sperm
production and infertility. They have found that Carb
directly adversely affects testicular function by chang-
ing histone related to estrogen receptor, DNA meth-
ylation, and epigenetic pathways, causing testicular
failure and infertility ]7,37[. Also, a decrease in the
concentration of LH hormone has been reported in
animals exposed to Carb ]36[. However, the mecha-
nisms by which Carb impairs spermatogenesis are not
fully understood. In the present study, in search of the
underlying mechanisms, we investigated for the first
time the relationship between miR-202-5p expression
and Carb intoxication. We have chosen to investigate
miR-202-5p further due to its significantly elevated
expression levels in the testis relative to other tissues
124,44(. The results of this research determined that
the relative expression of miR-202-5p in the Carb
group diminished significantly compared to no treat-
ment. Hence, it can be concluded that Carb acceler-
ated the process of apoptosis and adverse histologi-
cal changes by decreasing miR-202-5p expression in
the rat testis. The high expression of miR-202-5p in
somatic and testicular germ cells during men sper-
matogenesis has been reported, its expression is sig-
nificantly higher in fertile compared to infertile men
145[. Also, miR-202-5p has been identified as one of
the four testis-specific miRNAs in bull and testis of
monkey in healthy conditions and hyperthermia-in-
duced injuries ]46,47[. Furthermore, there is evidence
that miR-202-3p could regulate the biological func-
tions of human Sertoli cells ]48[. Accordingly, as a
regulator of cell cycle in murine germ cells, miR-202
could maintain the differentiation of male stem cells
by modulating RNA-binding proteins ]44/.

In the current study, CoQ10 modulated the lev-
el of miR-202-5p, decreased the immunoreactivity of

RESEARCH ARTICLE

pro-apoptotic and apoptotic proteins, and increased
the levels of anti-apoptotic proteins. This led to the im-
provement of the quality of the tissue structure of the
testis and, as a result, the efficiency of its function in
spermatogenesis and hormone secretion. This implies
the possible association between miR-202-5p expres-
sion, suppression of apoptosis, and improvement of
histological structure and function of the testis in the
case of CoQ10 administration. MiR-202 is localized
in human and murine testicular Sertoli cells ]45,49],
and its expression mediates some of the determinant
effects of SOX9 in early gonadal development and go-
nadal differentiation of mouse embryos ]49[. In the
current work, the expression level of miR-202-5p was
significantly upregulated in Carb + CoQ10 compared
with Carb-exposed rats. So far, no study has investi-
gated the effect of CoQ10 on the expression of miR-
202-5p in the testis. This issue highlights the novelty
and innovation of the current research.

The limitation of this study was that markers re-
lated to oxidative stress were not measured. We could
measure the total antioxidant capacity and levels of
other free radicals in the testes to find the possible
mechanism of the negative effect of Carb and the pos-
itive effect of CoQ10 on the structure and function
of the testis. Another limitation was not testing the
spermatozoa in the epididymis of easily euthanized
animals to investigate the possible negative effect of
Carb and the possible positive effect of CoQ10 on
sperm morphology, number, and motility. A third
limitation was not testing the testicular structure to
look for specific organelles, especially mitochondria,
in Carb damage and the possible protective properties
of CoQ10.

In summary, we showed that 1) Carb impaired
testicular histoarchitecture and consequently tes-
tosterone production by damaged Leydig cells. 2)
CoQ10 improves testicular damage caused by Carb
due to its gene regulation and anti-apoptotic proper-
ties. However, only enhanced miR-202-5p expression
and reduced immunoreactivity of apoptotic proteins
cannot solely explain the strong protective activity of
CoQI10 against Carb-induced testis damage. Conse-
quently, in subsequent studies, it is suggested that the
modulation of the signaling pathways of downstream
and upstream genes of miR-202-5p be considered a
significant effect of this beneficial compound. The
aforementioned assertion should be the primary hy-
pothesis.

Materials & Methods
Ethical approval

All procedures in this experiment were approved by the Institutional
Animal Care and Use Committee of Ilam University with Code of
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Ethics ID (IR.ILAM.REC.1402.017).

In order to carry out this study, 28 male Wistar rats were purchased.
The rats were allocated into 4 groups consisting of control, Carb (150
mg/kg, gavage), Carb + CoQ10 (150 mg/kg + 200 mg/kg, gavage),
and CoQ10. The rats received their treatments daily for 9 weeks ]28-
310

At the end of the trial period, the animals were anesthetized, and
histological samples were collected. The removed samples were
fixed in Bouin’s solution for three days. The fixed testis underwent
a trimming process followed by a 4-hour rinse with running tap wa-
ter. Subsequently, the tissue samples were prepared using common
microscopy methods, including dehydrating by gradually increasing
concentrations of ethanol, clearing with xylene, and embedding with
paraffin. Then, five micron slices were prepared using a rotary micro-
tome, and testicular sections were subjected to H&E staining. Imag-
es were obtained and recorded using a microscope equipped with a
high-resolution digital camera. A histomorphometric assessment of
testicular tissues was undertaken in six different fields of each section.
The quantitative parameters were luminal diameter (um), epithelium
height (um), number of Leydig cells (number in twenty interstitial
spaces), tubular differentiation coefficient (%), and spermiogenesis
coefficient (%)]32-33][.

The concentrations of testosterone, follicle-stimulating hormone
(FSH), and luteinizing hormone (LH) in the collected serum sam-
ples were quantified utilizing rat enzyme-linked immunosorbent as-
say (ELISA) kits (ZellBio GmbH, Germany), employing the ELISA
methodology.

Localization of pro- and anti-apoptotic biomarkers, including Bax,
Bcl-2, and Caspase 3 in testicular tissue was done by immunohisto-
chemistry (THC) according to the manufacturer s instructions. Anti-
gen retrieval was performed after deparaffinization and rehydration
of the testis sections, followed by washing with PBS. In the subse-
quent step, to inhibit endogenous peroxidase activity, the slides were
immersed in a 5% bovine serum albumin (BSA) solution and incu-
bated in 3% H202. Following this, anti-Bcl-2 (dilution, 1:100; San-
ta Cruz Biotechnology, Inc.), anti-Bax (dilution, 1:100; Santa Cruz
Biotechnology, Inc.), and anti-Caspase3 (dilution, 1:100; Santa Cruz
Biotechnology, Inc.) antibodies were used as the primary antibody.
On the next step, Goat Anti-Rabbit IgG (dilution, 1:100) (FITC con-
jugated; Elabscience Biotechnology Inc.) as the secondary antibody
(60 min incubation at ambient temperature). Subsequently, the tissue
slices were developed utilizing diaminobenzidine and counterstained
with hematoxylin. They underwent a series of processes, including
dehydration, clarification, and mounting, before examination with a
light microscope (KoreaTek). Following the application of Antifade
Mounting Medium containing DAPI (Beyotime, China) at 4°C for
a duration of 10 minutes, the positive signals were visualized using
a fluorescent microscope (Olympus BX50, Japan). Image J software
and Microbin Z5 camera (Media Cybernetics, Inc.) were used to
take and analyze immunohistochemistry images. For each tissue sec-
tion, ten representative microscopic fields were selected randomly. A
semi-quantitative analysis on apoptosis-related proteins immunore-
activity score (green for FITC-conjugated antibodies) was then as-
signed based on the percentage of the protein-positive area compared
to the normal control rats.

To examine the expression level of miR-202-5p, the quantitative
real-time polymerase chain reaction (PCR) test was used. First, ac-
cording to the miRcute™ miRNA Isolation (TianGene, China) ex-
traction kit protocol, 50 mg of the tissue was lysed, and after RNA
extraction and purification, its quality was measured by a nanodrop
device (USA, Scientific Thermo) at a wavelength of 260/280. The
miRcute miRNA First-strand cDNA Synthesis Kit (TianGen, China)
was used to elongate miRNAs and synthesize cDNA by the polya-
denylation system. For detection and amplify of miR-202-5p genes
in the testis tissue, SYBR® Green Real Time PCR Master Mix (Par-
sTous, Iran) was used. Real-time qPCR was performed in 12.5-pl
reactions using an Applied Biosystems 7900 HT TagMan Real-Time
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PCR System. The comparative expression levels of the examined
miR-202-5p were quantified utilizing the 2-AACt method. U6 snR-
NA was used as the endogenous control to normalize the expression
levels of miRNAs. The primers used were as follows: miR-202-5p-
Rat-Forward: CATATACTTCTTTGTGGAT; cDNA adapter reverse:
GAACATGTCTGCGTATCTGC; Ub-Forward: TGCTTCGGCAGCA-
CATATAG; U6-Reverse: AGGGGCCATGCTAATCTTCT.

The data from this research were analyzed by SPSS 23.0 (SPSS Inc.,
IBM, USA) using descriptive and analytical statistics. To asses the dif-
ferences, a one-way ANOVA was conducted, followed by Tukey's sup-
plementary test and complemented by the Kolmogorov-Smirnov test
to evaluate the data's normality. The non-parametric Kruskal-Wallis
test was used to assess the differences between groups and determine
if there were statistically non-normal distributions. P<0.05 was con-
sidered statistically significant, and p < 0.01 was considered highly
statistically significant.
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