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INTRODUCTION 

ale reproductive health is influenced by intricate 

molecular and physiological processes (1). The 

aryl hydrocarbon receptor (AhR) as a transcription factor 

activated by ligand-binding chemical compounds is linked 

to the onset and progression of several diseases, including 

autoimmune diseases, cancers, metabolic syndromes, and 

allergies. In general, AhR responds to and interacts with 

environmental toxins/ligands, dietary ligands, and 

allergens to regulate toxic, biological, and cellular 

responses. Furthermore, more recently, scientists have 

discovered that the AhR may also play a vital role in 

regulating reproduction and immunity (2). Human AhR 

cDNA was identified in 1993. It was expressed at its highest 

levels in the placenta, lungs, and heart. Studies illustrated 

that the AhR Knockout Mouse showed developmental 

abnormalities that highlight the roles of the receptor in 

female fertility (3), perinatal growth, and increased 

susceptibility to colitis (4, 5). Based on previous studies, it 

appears that the AhR plays a role in regulating the S-phase 

of the cell cycle. Furthermore, the G1-to-S phase transition 

and the presence or absence of its ligands, as well as the 

metabolic activity of cytochrome P4501A1 (CYP1A1), are 

affected by AhR activity, which in turn controls cell cycle 

progression. The adjustment of cell cycle progression is 
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 Male reproductive health is intricately regulated by molecular and physiological processes, 

with the aryl hydrocarbon receptor (AhR) playing a crucial role by being activated by 

various ligands and influencing the onset and progression of diseases The present study 

aimed to evaluate the role of AhR on spermatogenesis in adult male rats that were affected 

by resveratrol (RES) as agonist and CH223191, as an AhR antagonist. The study included 

forty rats which were randomly divided into four equal groups: The control group, DMSO 

group (positive control), RES group, and AhR‾ group. The rats were received respective 

treatments intraperitoneally twice weekly for 60 days. Parameters related to male 

reproductive health were evaluated. The results showed that activation by the RES 

treatment enhanced the sperm morphology, sperm acrosomal integrity, and luteinizing 

hormone. The testicular tissue integrity was maintained by RES. Moreover, the Dnah1 gene 

expression were upregulated and played a major role in sperm morphology, it was 

upregulated, and testosterone levels were elevated by RES. On the other hand, sperm 

morphology, sperm acrosomal integrity, testosterone hormone levels, and Dnah1 

expression were reduced in AhR‾ rats’ group. The testicular tissue integrity was maintained 

by RES. These findings highlight the role of AhR in male reproductive health and suggest RES 

as a potential therapeutic agent. 
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aided by the manipulation of AhR activity and its 

subsequent effects on cell cycle regulators. Additionally, the 

G1-to-S phase transition and the presence or absence of its 

ligands, as well as the metabolic activity of CYP1A1, affect 

AhR activity, which in turn controls cell cycle progression. 

The cell cycle progression is fine-tuned by AhR activity 

modulation and its downstream effects on cell cycle 

regulators (6). The AhR is shown to regulate the xenobiotic-

metabolizing enzymes through cytochrome P450 and other 

enzymes (6–8). Moreover, the major role of AhR in the 

different phases of mitosis is not studied and the 

information available is limited. However, its specific 

involvement in different phases of mitosis remains 

understudied. In prophase, the chromosomes condense and 

become visible, the nuclear envelope breaks down, and the 

mitotic spindle begins to form. The AhR plays a crucial role 

in regulating chromatin condensation during prophase, at 

the first stage of mitosis “Chromatin condensation involves 

the compaction of DNA into a more organized and compact 

structure, enabling proper chromosome alignment and 

segregation in subsequent stages” (9). Thus, the AhR 

activation promotes chromatin condensation by enhancing 

the expression of histone deacetylases. Histone 

deacetylases enzymes (which remove acetyl groups from 

histones) facilitate chromatin compaction and allowing the 

histones to wrap the DNA more tightly (10–12). Resveratrol 

(3,5,4′-trihydroxystilbene; RES) is a non-flavonoid 

polyphenol organic compound, it is found naturally in 

various foods such as grapes, peanuts, and blueberries (13). 

The RES is widely known for its renowned beneficial 

biological effects which involve multiple molecular targets 

including oxidative stress and the AhR signal pathway 

(14,15). Moreover, studies found that the antagonist of AhR 

and one of the RES mechanisms inhibit AhR expression. The 

RES also inhibits the activation of CYP1A1 and CYP1B1, 

which have been shown to be associated with reactive 

oxygen species (ROS) production (16). The protective 

effects of RES on the generation of ROS are especially 

significant because polyunsaturated fatty acid peroxidation 

results in a decrease in the fluidity of the membrane and in 

the functioning of ion channels and membrane enzymes, 

which impair sperm motility (1, 17). 

This study aimed to evaluate the effect of resveratrol 

(RES) as agonist and CH223191 as antagonist on AhR and 

AhR in adult male rats by assessing sperm integrity, 

hormone levels, and Dnah1 gene expression related to male 

reproductive health following treatment with RES and 

CH223191. Additionally, the study has examined the 

histopathological features of testicular tissue to evaluate 

the effects of these interventions on testicular parenchyma. 

MATERIALS AND METHODS 

Ethical Approval 

The study was conducted based on the ethical approval 

received from the local Research Ethics Committee, College 

of Veterinary Medicine, University of Baghdad (Approval 

Number 1330 P.G. dated 28th May 2023). 

Study Design 

The study has aimed to investigate how RES and 

CH223191 (Hebei Guanlang Biotechnol, China) impact AhR 

and spermatogenesis in adult male rats. To this end, four 

groups from forty rats were randomly assigned: Naïve 

group (n=10) served as control; RES group (n=10) received 

100 mg/kg of resveratrol intraperitoneally (i.p) twice 

weekly (18); AhR‾ group (n=10) received 10 mg/kg of 

CH223191 i.p twice weekly (19);  DMSO group (n=10),  

received twice weekly of i.p injection of dimethyl sulfoxide 

which was used to dissolve and in preparation of RES as 

well as CH223191 treatments. All experimental animals 

were euthanized 60 days post treatment, the endpoint of 

the experiments, and their testes, blood, and epididymis 

were taken for further downstream analysis. 

Treatment Preparation 

Resveratrol working solution was freshly prepared at 

100 mg/kg BW, following the protocol described by 

Bordbar et al. (18). This involved dissolving 400 mg of 

Resveratrol, suitable for 20 animals, in a mixture of 2 mL 

DMSO and additional 2 mL deionized distilled water (dH2O) 

were added. The solution was carefully mixed for 

homogeneity using a vortex, and each rat received a dose 

based on its weight (1 µL/1 g BW) of the resultant solution. 

Similarly, a CH-223191 solution was prepared at 10 mg/kg 

BW, as per the method detailed by Cao et al. (19). This 

involved dissolving 40 mg of CH-223191, sufficient for 20 

animals, in 2 mL of DMSO. The solution was thoroughly 

mixed using a vortex, and each rat received a dose based on 

its weight (0.5 µL/1 g BW) of the working solution. 

Animals and Sample Preparation 

At the endpoint of the experiment, 60 days post 

treatments, the animals were euthanized by overdose of 

intramuscular injections of combination of Xylazine 

(Micopite, USA, 40 mg/kg) and Ketamine (Alpha Than, 

Holand, 90 mg/kg). Approximately five milliliters of blood 

was collected via heart puncture. Scrotal area was gently 

cleaned with sterile normal saline (NS), then bilateral 

testicles and epididymal tissues were collected. The 

epididymal tail was incubated at 37 °C in 2 mL of normal 

saline. Following the study's methodology, it was then 

divided into segments and spermatozoa were extracted 

using anatomical micro-scissors for sperm characteristics 

evaluation (20). 

Sperm Morphology and Acrosomes Integrity 

Evaluation 

For evaluation of rat sperm morphology and Acrosomes, 

the Eosin-Nigrosine (Amichem Research Lab LLP, India) 

stain solution was prepared by creating a 1% Eosin Y 

solution in combination with 10% Nigrosine solution, the 
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eosin stain to evaluate the sperm membrane integrity, 

while nigrosine was only for giving contrast (21). Ten to 

twenty microliters of epididymal sperm suspension were 

mixed with the stain, smeared on a warm slide, and allowed 

to dry. The slide was then examined under a light 

microscope, with sperm heads partially or completely 

stained pink were recorded as dead sperms (1). The dead 

and morphology tests were examined simultaneously 

under 40× magnification power. While acrosome integrity 

was assessed by using 100× magnification power (22). 

Circulatory Luteinizing and Testosterone Hormones 

Rat blood samples were used to evaluate the levels of 

luteinizing hormone (LH) and testosterone. The study 

employed the SL1061Ra and SL1093Ra assay kits from 

SunLong Biotech Co., Ltd., China to assess the levels of 

testosterone and LH levels, respectively.  

Gene Expression of Testicular Dnah1 

Testicular tissue was excised, stored at -80°C in a deep 

freezer (Arctoko, Denmark) in Triazol reagent (Trans® 

Chinese; Cat No.: ET101-01). The extracted RNA was then 

used for cDNA synthesis, where reverse transcription into 

cDNA was performed using a One-Step RT-PCR Premix Kit 

(Promega's, USA). The resulting cDNA was subsequently 

used for gene expression analysis via quantitative PCR 

(qPCR). Primers were designed by using an available tool 

on NCBI database. Then the sequence of targeted genes was 

manufactured through Integrated DNA Technologies, Inc 

(IDT) in the USA. The used primer details are listed in Table 

1. 

 
Table 1. Primers obtained from the National Center for Biotechnology 
Information (NCBI) platform 

 

  Primer  
Gene  Direction 5ʹ → 3ʹ NCBI Accession No. 
Dnah1  Forward CTG GCT CGG ACA AGT CTC TG 

NM_001033655.2 
  Reverse GGA ACG TTC GCT GGA CAG TA 
     

Gapdh  Forward AGA GAC AGC CGC ATC TTC TT 
NM_017008.4 

  Reverse ATG AAG GGG TCG TTG ATG GC 

 

 

For qPCR, SYBR Green master mix was used with 

conditions, employing the 7500 real-time PCR System 

(Applied Biosystems™ 4351106). The procedure included a 

holding stage at 37 °C for 15 min followed by another 

holding stage at 95 °C for 10 min. PCR cycling consisted of 

denaturation at 95 °C for 15 sec, annealing at a temperature 

specific to the primer used for 1 min, and 40 cycles of 

amplification. The extension was carried out at 72 °C for 30 

sec. The melt curve stage involved three steps: 95 °C for 15 

sec, 60 °C for 1 min, and 95 °C for 30 sec. Real-time 

monitoring was performed using an instrument equipped 

with fluorescence detection capabilities, measuring the 

fluorescence signal emitted by the SYBR Green DNA-

binding dye throughout each amplification cycle to monitor 

the amplification process continuously. 

Statistical Analysis 

The collected data was analyzed by using the GraphPad 

Prism 9 program. The statistical approach used the One-

Way Analysis of Variance (ANOVA) method for determining 

significant differences among multiple groups, especially 

under various experimental conditions and treatments. The 

analysis also involved the Holm-Sidak correction for 

multiple test comparisons, with a significance threshold set 

at P<0.05. Significance levels were denoted as * for P<0.05, 

** for P<0.01, and *** for P<0.001. The t-test statistical 

analysis method was used for the analysis of gene 

expression (* for P<0.05, ** for P<0.01, and *** for P<0.001). 

RESULTS AND DISCUSSION 

This study was aimed to investigate the interactions 

between RES and CH223191 on the AhR and shed light on 

their potential implications for the intricate processes 

governing male reproductive health. With a meticulous 

approach, the study includes a range of assessments, 

including sperm Integrity (Morphology, Acrosomal, 

Hormonal Evaluation, and Dnah1 gene expression analysis) 

as well as histopathological examination. 

Sperm Morphology Integrity 

In the evaluation of sperm morphology, as depicted in 

(Figure 1), distinct trends emerge among the experimental 

groups since the control group exhibited a high level of 

normal sperm morphology, with a mean percentage of 

97.60±0.40 %, while the DMSO group demonstrated a 

comparable morphology with a mean of 97.95 ± 0.36%. In 

contrast, the AhR‾ group exhibited a significant reduction 

in sperm morphology compared with others, with a mean 

of 79.60 ± 1.4%. At the cellular level, an AhR establishes 

functional interactions with signaling pathways governing 

cell morphology (23). In addition, the activation of AhR is 

associated with a reorganization of the cytoskeleton mainly 

due to a redistribution of actin and vinculin and to the 

activation of the focal adhesion and non-receptor tyrosine 

kinases (24), furthermore, these cellular effects are 

accompanied by changes in the activation of c-Jun N-

terminal kinases where it regulates morphology through 

the phosphorylation of cytoskeletal regulatory proteins 

(25). Building on this foundation, in the current study, a 

significant decrease in the integrity of sperm morphology 

was observed in the AhR‾ group, as shown in (Figure 1). On 

the other hand, the improvement in sperm morphology due 

to RES can be explained by the activation of AhR leading to 

an increase in morphological integrity (26-28). 
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Sperm Acrosomal Integrity 

Regarding acrosomal integrity in (Figure 2), the control 

group demonstrated a high percentage of intact acrosomes, 

with a mean of (98.60 ± 0.17) %. The DMSO group displayed 

comparable acrosomal integrity with a mean of (98.20 ± 

0.20) %. Similarly, the RES group exhibited a slightly 

enhanced acrosomal integrity, recording a mean of (98.55 

± 0.25) %, although the difference was not statistically 

significant compared to the control group. Conversely, the 

AhR‾ group displayed a significant decrease in acrosomal 

integrity, with a mean of (96.70 ± 0.29) compared with the 

control group. Generally, the sperm acrosomal plays a 

major role in the fertilization process which contains 

enzymes that are important in the penetration of the zona 

pellucida of the egg (29). Intact acrosomes mean that the 

sperm can successfully bind to and penetrate the egg (30). 

The AhR localized in the sperm acrosome and its activation 

modulates the expression of acrosomal enzymes (31). The 

study showed knock-down for AhR in mice leads to 

increased oxidative stress and morphologic abnormalities 

in sperm head and acrosomal (31–34). On the other hand, 

the acrosomal was formed during spermatogenesis since 

AhR has a critical role in the spermatogenesis and 

spermiation process. The current data showed the 

significant role of RES as an antioxidant and as a promoting 

effect on AhR compared to the AhR‾ group, which showed 

the adverse effect of stopping the AhR activation. 

LH and Testosterone Hormone Evaluation 

The circulatory hormonal evaluation conducted in this 

study serves as a critical component for understanding the 

intricate dynamics of male reproduction since assessing 

hormonal levels provides valuable insights into the 

endocrine regulation that governs various stages of 

spermatogenesis. Testosterone plays a pivotal role in 

supporting spermatogenesis, and alterations in its levels 

impact directly sperm production. Luteinizing hormones, 

produced by the pituitary gland, are essential for regulating 

the function of the testes which stimulates the production 

of testosterone by Leydig cells. 

Testosterone Hormone 

In Figure 3, the outcomes of the testosterone hormone 

test have delineated that the Control group exhibited a 

mean testosterone concentration of 0.14 ± 0.01 ng/mL, 

serving as a baseline for comparison, while, the DMSO 

group displayed a slightly reduced but non-significant 

different to control testosterone level, with a mean of 0.13 

± 0.008 ng/mL as showed in previous study which reduces 

reproductive potential which may lead to subfertility or 

infertility in dogs (35). Notably, the group treated with RES 

demonstrated an increased testosterone level, reaching a 

mean of 0.17 ± 0.010 ng/mL, although the difference was 

not significant compared to the Control. In contrast, the 

AhR‾ group exhibited a significantly P<0.05 diminished 

testosterone concentration of 0.09 ± 0.007 ng/mL 

compared to all other groups. In Figure 3, the hormonal 

profile reveals notable changes in testosterone which 

Figure 1. The Sperm Morphology Integrity Test evaluated the 
percentage of normal sperm morphology among different 
treatment groups over a 60-day period. Rats were administered 
dimethyl sulfoxide (DMSO), resveratrol (RES), or CH223191 (AhR 
antagonist) intraperitoneally twice weekly. Results, presented as 
means with SEM, indicated significant differences between groups 
- *** for P<0.001). 

 Figure 2. The Sperm Acrosomal Integrity Test assessed the 
percentage of intact acrosomes in different treatment groups over a 
60-day period. Rats were treated with dimethyl sulfoxide (DMSO), 
resveratrol (RES), or CH223191 (AhR antagonist) intraperitoneally 
twice weekly. Results, presented as means with SEM, indicated 
significant differences between groups *** for P<0.05. 
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findings indicate a potential impact on the hypothalamic-

pituitary gonadal (HPG) axis. Animal studies illustrated that 

RES has been shown to increase blood testosterone levels 

significantly (36) and instance, a study found that when 

mice were given a large dose of RES, their testosterone 

levels went up by 51.6% (37, 38). In addition, studies 

showed that RES decreases the conversion of testosterone 

to estrogen (aromatization) and potentially leads to a 

higher overall level of testosterone in the body (39). In 

addition to the previous role of AhR, studies showed its 

involvement in various molecular pathways, including 

those related to glucose homeostasis and insulin secretion 

as illustrated studies on AhR−/− mice and found that 

reduced serum testosterone levels which AhR regulating 

Notch signaling since lead to germ cell apoptosis and 

reduction of expression of Notch1 gene and Notch3 gene in 

Sertoli cells resulting the decreased testosterone level (40) 

Thus loss of AhR lead to decrease in testosterone in male as 

exhibited in AhR‾ group of the study result.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Luteinizing Hormone 

In Figure 4, the results of the luteinizing hormone test 

are illustrated, since the  control group displayed a baseline 

mean luteinizing hormone concentration of 0.39 ± 0.01  

ng/mL while the DMSO group exhibited a slightly elevated 

but statistically not significantly comparable level, with a 

mean of 0.41 ± 0.01 ng/mL, the RES group demonstrated a 

significantly reduced luteinizing hormone concentration, 

recording a mean of 0.24 ± 0.02 ng/mL compared to the  

control and DMSO groups. In contrast, the AhR‾ group 

exhibited a significantly increased luteinizing hormone 

concentration of 0.53 ± 0.03 ng/mL, indicating a distinct 

hormonal response compared with all other groups. Figure 

4 illustrates the outcomes of the LH test across the 

experimental groups, highlighting the pivotal role of LH in 

orchestrating testosterone production and subsequent 

spermatogenesis. Specifically, the group treated with 

resveratrol (RES) exhibited a reduction in LH 

concentration, whereas the AhR‾ group displayed a 

significant increase in LH concentration. The observed 

reduction in LH concentration in the RES-treated group can 

be attributed to the modulatory effects of polyphenolic 

compounds on the HPG axis. Resveratrol has been shown to 

influence the HPG axis by enhancing the sensitivity of 

Leydig cells to LH, thereby promoting testosterone 

production even at lower LH levels. Additionally, 

resveratrol may directly upregulate steroidogenic enzymes 

involved in testosterone biosynthesis, leading to increased 

testosterone levels without a corresponding increase in LH. 

In contrast, the AhR‾ group's significant increase in LH 

concentration, despite decreased testosterone levels, 

suggests a disruption in the normal feedback mechanisms 

of the HPG axis. The absence of the aryl hydrocarbon 

receptor (AhR) can impair the negative feedback loop that 

regulates LH secretion. As a result, the hypothalamus and 

pituitary gland may respond to the lower testosterone 

levels by increasing LH production in an attempt to 

stimulate testosterone synthesis, despite the impaired 

response. Previous studies have explored these complex 

Figure 3. The Testosterone Hormone Test measured testosterone levels 
in different treatment groups over a 60-day period. Rats were treated 
with dimethyl sulfoxide (DMSO), resveratrol (RES), or CH223191 (AhR 
antagonist) intraperitoneally twice weekly. Results, presented as means 
with SEM, indicated significant differences between groups *** for 
P<0.05. 

Figure 4. The Luteinizing Hormone Test measured luteinizing 
hormone levels in different treatment groups over a 60-day period. 
Rats were treated with dimethyl sulfoxide (DMSO), resveratrol (RES), 
or CH223191 (AhR antagonist) intraperitoneally twice weekly. Results, 
presented as means with SEM, indicated significant differences 
between groups (*** for P<0.05). 
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interactions, demonstrating that polyphenolic compounds 

like resveratrol can exert both stimulatory and inhibitory 

effects on the HPG axis, depending on the context and 

experimental conditions (41, 42). These studies provide 

insights into the dual nature of resveratrol's action, which 

can either enhance or suppress hormonal activity based on 

various factors such as dosage, duration of treatment, and 

the physiological state of the organism. In summary, Figure 

4 highlights the distinct hormonal responses of the 

experimental groups, with resveratrol reducing LH levels 

through enhanced Leydig cell sensitivity and direct 

enzymatic effects, while AhR deficiency leads to increased 

LH levels due to disrupted feedback regulation. On the same 

side, some studies suggest that RES influences LH secretion 

through its antioxidant and estrogenic properties, which 

bind to estrogen receptors and mimic the actions of 

estrogen that provide negative feedback to the 

hypothalamus and pituitary gland which this feedback 

mechanism helps regulate the production of GnRH and LH 

(43, 44). Based on the present results information in 

histological and gene expression proved the atrophy and 

distraction of the Sertoli cell lead reduction in its function 

and hormonal change one of the most significant roles of its 

function sequence leads to the increased LH levels as 

negative feedback as illustrated in AhR‾ group. 

Gene Expression 

Figure 5 illustrates the fold change analysis of Dnah1 

gene expression which the control group, the baseline 

expression is normalized to 1. In the RES group, there is a 

significant increase in Dnah1 gene expression, as reflected 

by a fold change of approximately 2.676. Conversely, in the 

AhR‾ group, there is a significant decrease in Dnah1 

expression, with a fold change of approximately 0.011. This 

substantial down regulation indicates a potent inhibitory 

effect of the AhR antagonist on Dnah1 gene expression. 

Exploring Dnah1 gene expression, as illustrated in (Figure 

5), further elucidates the impact of AhR modulation. The 

Dnah1 gene plays a vital role in spermatozoa, specifically in 

the formation of the inner dynein arms, which are 

microtubule-associated motor protein complexes 

composed of several heavy, light, and intermediate chains. 

It is crucial for the biogenesis of the axoneme, with its 

expression spanning the entire length of the sperm 

flagellum. Previous studies have shown that in the absence 

or presence of mutations in DNAH1, the inner dynein arms 

are largely missing, resulting in the disorganization of these 

structures and the mislocalization of microtubule doublets, 

ultimately leading to decreased sperm motility (45–48) 

which agrees with the result which showed the RES group 

significant increase in Dnah1 gene expression, conversely, 

in the AhR‾ group, there is a significant decrease in Dnah1 

expression, which substantial downregulation indicates a 

potent inhibitory effect of the AhR antagonist on Dnah1 

gene expression.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Histopathological Examination 

The histopathological found a clear divergence among 

the experimental groups, each presenting a distinctive 

narrative of testicular differentiation that examination 

begins with the control group, serving as the benchmark for 

normalcy (Figure 6A). The histological section unveils the 

expected, characteristic architecture of testicular tissue 

seminiferous tubules enveloped by a thin basement 

membrane, exhibiting a typical arrangement with sparse 

interstitial blood vessels, extends to the presence of mature 

spermatozoa within the tubular lumens, maintaining the 

Figure 5. The Fold Change Analysis of Dnah1 Gene Expression evaluated the 
expression of the Dnah1 gene in response to resveratrol (RES) and the AhR 
antagonist CH223191 treatments. Rats were treated with RES or CH223191 
intraperitoneally twice weekly for 60 days. Results, presented as means with 
SEM, indicated significant differences between groups (*** for P<0.001) 
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structural integrity of the epithelial layer with Sertoli cells 

and germ cells representing various stages of 

spermatogenesis (49). Intriguingly, the RES group (Figure 

6C). Mirrors the normalcy observed in the control, 

indicating that 100 mg/kg RES intraperitoneally twice 

weekly for 60 days does not induce significant 

histopathological alterations in testicular tissue that 

suggests a degree of histological preservation of RES on 

testicular tissue due to its health benefits due to its anti-

inflammatory and antioxidative properties (50). Generally, 

the RES has shown promising results in protecting rat 

testicular tissue against various forms of damage (36, 51, 

52). Furthermore, RES can directly scavenge free radicals, 

which are unstable atoms that cause damage to cells, 

contributing to aging and disease consequently 

neutralizing these free radicals and preventing cellular 

damage and reducing oxidative stress (53, 54). The AhR‾ 

group exhibited significant abnormalities in the 

histopathological examination, as shown in (Figure 6D), 

indicating structural and functional irregularities in 

testicular tissue. The examination revealed deformed 

seminiferous tubules characterized by tubular atrophy 

(reduced size) and tubular separation, with notable 

separations between tubules. Some tubules showed 

abnormal attachment of epithelial cells, leading to 

disorganization and destruction of the germinal epithelium, 

accompanied by a reduction in germ cells. The lumen of 

these deformed tubules contained immature germ cells and 

an accumulation of cell fragments. Additionally, interstitial 

fibrosis and expansion were observed between 

seminiferous tubules, indicating structural alterations in 

the testicular tissue of the AhR‾ group. Furthermore, AhR 

signaling plays a crucial role in regulating germ cell survival 

and preventing excessive apoptosis, which is essential for 

maintaining the requisite pool of germ cells necessary for 

spermatogenesis. Previous studies on AhR knockout 

(AhR−/−) mice have demonstrated that the absence of AhR 

correlates with a reduction in the expression of genes 

involved in the defense against reactive oxygen species. The 

AhR signaling pathway is implicated as a stress rheostat, 

influencing spermatogenesis and histopathological 

features of the seminiferous epithelium since the 

evaluation of AhR−/− males revealed Sertoli cell 

degeneration, defects in mature sperm, and architectural 

distortions at stages IV–XII of the seminiferous epithelium 

[31, 55, 56]. In parallel, our findings align with previous 

research indicating RES's interaction with AhR, supporting 

the notion that RES exhibits agonism for AhR and binding 

and modulating the effects of AhR activation, offering a 

prospect for improvement in the AhR function (57). Finally, 

the result in (Figure 6B) illustrates the DMSO group showed 

normal but minor alterations including tubular shrinkage 

in seminiferous tubules, some interstitial expansion 

between seminiferous tubules furthermore, and some 

Basement membrane thickening of tubules.
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Figure 6. Histological Section of seminiferous tubules under 40×. (A) Control Group Testicular Tissue 
(Normal histological architecture of testicular tissue. (B) DMSO Group Testicular Tissue (Minor alterations 
in histological architecture of testicular tissue). (C) RES Group Testicular Tissue (Normal histological 
architecture of testicular tissue). (D) Ahr‾ Group Testicular Tissue (Abnormal histological architecture of 
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In conclusion, this work elucidates the complex 

interactions between AhR, RES, and spermatogenesis in 

adult male rats. The significant abnormalities observed in 

the AhR‾ group, including reduced sperm morphology, 

compromised acrosomal integrity, decreased testosterone 

levels, and altered gene expression, particularly Dnah1, 

underscore the critical role of AhR in maintaining male 

reproductive health. Conversely, RES treatment resulted in 

enhanced Dnah1 gene expression, higher testosterone 

levels, and improved sperm morphology and acrosomal 

integrity, indicating potential therapeutic benefits. While 

some parameters did not reach statistical significance, the 

overall trends observed in the data suggest that AhR 

activation is crucial for preserving healthy testicular 

architecture and spermatogenesis. Additionally, the 

beneficial effects of RES-mediated modulation of AhR 

highlight its potential as a therapeutic approach for 

conditions affecting male reproduction. Future studies 

should further investigate these mechanisms to confirm 

and expand upon these findings. 
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 الصحة على الآثار:   Dnah1جين  تعبير على الريسفيراترول وتأثير هيدروكربون الأريل مستقبل تعديل تأثير

 الذكرية  التناسلية
 

 ٣الحمادي حسين نبيل ، ١الغطاء كاشف فلاح حسن  ،  ١،٢بستاني صباح غدير

 
  الغذاء ادارة٣، الجامعة الاسلامية في النجف، النجف الاشرف، العراق،  العراق  بغداد، ، بغداد جامعة٢ البيطري،  الطب كلية والادوية،  الحياتية والكيمياء الفسلجة فرع١

 الاميركية  المتحدة الولايات ماريلاند،   ولاية الامريكية،  والدواء
 

 الخلاصة

 من  متنوعة  مجموعة  بواسطة  AhR  ينشط  اذ  تنظيمها  في  حاسمًا دورًا (  AhR)  هيدروكربون   الأريل  مستقبل   ويلعب  والفسيولوجية،  الجزيئية  العمليات  خلال  من  دقيق بشكل  للذكور  التناسلي   الجهاز  صحة   تنظيم  يعد

  الدراسة  شملت.  AhR لل المضاد CH223191او ( RES) بالريسفيراترول تأثرت والتي البالغة الجرذان  ذكور عند التخصيب في AhR دور تقييم  الدراسة  هذه من الهدف ان . الأمراض  تقدم على  ويؤثر الرابطات 

  لمدة   أسبوعياً  مرتين  الخلب   في   العلاجات  الجرذان  تلقى   ،‾AhR  ومجموعة  ،RES  ومجموعة  ،DMSO  الموجبة  الضابطة  والمجموعة  ضابطة،  مجموعة:  متساوية  مجموعات  أربع   في  عشوائياً  قسمت  جرذاً   أربعون
  على   علاوة.  الأصفر  للجسم   منشط   وهرمون  المنوية،  الحيوانات  وسلامة   المنوية،  الحيوانات  شكل  معززا  RES  بعلاج  AhR  تفعيل  النتائج  أظهرت.  للذكور  التناسلي  الجهاز  صحة   معايير  مختلف  وقيمت  يومًا،  60

  حائل  وسلامة  المنوية،  الحيوانات  تشوهات   قلل   أخرى،   ناحية  ومن.  RES  بواسطة   التستوستيرون   هرمون   مستويات  وارتفاع  المنوية،  الحيوانات   شكل   في  رئيسياً   دورًا   لعب   الذي  ،Dnah1  الجين  تعبير  حفز   ذلك،

  على   الضوء   النتائج  هذه   تسلط .  تشريحي  نسيجي  لتحليل  وفقاً  ،RES  بواسطة   الخصية  الأنسجة  تماسك  على  حافظ‾.   AhR  جرذان  في  Dnah1  جين  وتعبير  التستوستيرون،  هرمون  ومستويات  المنوية،  الحيوانات
 محتمل علاجي كعامل RES  وتقترح للذكور  التناسلي الجهاز صحة  في AhR دور

 بروستاجلاندين الفورمالين، اختبار الفئران، كافيين، نيفوبام، للألم،  مسكن :الكلمات المفاحية 

https://doi.org/10.1016/j.pec.2019.11.018

