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Abstract

Cyclophosphamide (CP) is a popular cancer treatment; however, despite its efficacy, it is known to cause harm to the testi-
cles. To mitigate the reproductive damage caused by CP in male rats, we examined the protective effect of azilsartan (AZ)
on CP-induced testicular damage. Thirty Sprague—Dawley male rats were equally divided into three groups: normal control
group: received 0.5% CMC suspension for 13 days; induction group: received a single dose of 200 mg/kg of CP on day 6 by
intraperitoneal (IP) injection, azilsartan group: received azilsartan (4 mg/kg) orally for 5 days followed by a single dose of
200 mg/kg of (CP) on day 6 by IP injection, then azilsartan administered again for 7 days. Animals were sacrificed on day
14, and sperm characteristics, testosterone levels, and testicular histopathology were evaluated. Induction with CP caused a
significant reduction in median value compared to normal control in sperm count (12.0 vs. 22.0 x 10%/mm?), sperm motility
(30 vs. 90%), abnormal sperm (30.32 vs. 14.43%), dead sperm count (32.43 vs. 10.49x 10%mm?), DNA fragmentation (21.57
vs. 5.49%); meanwhile, azilsartan prevent these effects on median sperm count (17.0 X 10%mm?), sperm motility (70.0%),
abnormal sperm (23.19%), dead sperm count (26.17 X 10%mm?), DNA fragmentation (13.81%), and improved plasmatic
testosterone levels compared to the CP group and prevented histopathological alterations of the testes. Azilsartan’s mitiga-
tion of CP’s effects suggests it can prevent male rats’ reproductive damage caused by CP. One possible explanation for AZ’s
protective effects is that it inhibits lipid peroxidation and has antioxidant properties.
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Introduction

Infertility is a multifaceted disorder that affects 15% of
couples. Infertility is defined as the inability to conceive a
pregnancy through regular unprotected sexual intercourse
for 12 months or more (Vander Borght and Wyns 2018). The
male component is accountable for around 50% of infertility
instances, making an equivalent contribution to the female
factor (Kaya et al. 2019). Diagnosing male infertility often
involves analyzing standard semen criteria, as outlined by
the World Health Organization (WHO) guidelines (Organi-
zation 2021). However, a significant number of infertile
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males do not acquire a definitive diagnosis and are classi-
fied as idiopathic or unexplained cases (Schlegel et al. 2021;
Al-Hamadani et al. 2019).

The imbalance between reactive oxygen species (ROS)
formation and the body’s ability to defend against them with
antioxidants is called oxidative stress (Vona et al. 2021).
Several studies have indicated that oxidative stress is a rec-
ognized cause of unexplained male infertility (Mannucci
et al. 2021; Takalani et al. 2023).

Cyclophosphamide (CP) is a cytostatic alkylating agent
used in animals and humans (Kaya et al. 2019). Its use is
associated with male infertility in both human (Yang et al.
2019; Ledingham et al. 2020) and animals (Al-Niwehee
and Alrudaini 2019). Evidence from studies on cell
proliferation shows that CP has harmful effects, mainly
on rapidly dividing cells, in particular, the effect of CP on
testes (Joseph et al. 2020). The interactions between CP
and tissues with rapid turnover constitute the basis for the
drug’s therapeutic and harmful effects (van den Boogaard
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et al. 2022). Testicular tissues are more susceptible to CP
effects for several reasons, such as increased absorption of
polyunsaturated fatty acids, essential in protecting against
oxidative damage, and because CP works on rapidly dividing
cells (Alkhalaf et al. 2020).

Management of the reproductive toxicity of CP still
requires innovative therapeutic approaches (Alkhalaf
et al. 2020). Due to the risk of drug exposure during the
manufacturing and transportation process, it is crucial to
address CP hazards for both cancer patients and health-
care professionals, including chemists. Therefore, effective
management of the reproductive toxicity of CP requires
the implementation of innovative therapeutic techniques
(Anan et al. 2018).

The renin-angiotensin system (RAS) plays a crucial role
in maintaining the body’s balance of fluids and electrolytes
and regulating the resistance of blood vessels throughout
the body (Kalupahana and Moustaid-Moussa 2024). The
renin—angiotensin—aldosterone system (RAAS) and its
crucial element, angiotensin II (Ang II), are notably potent
inducers of inflammation, reactive oxygen species (ROS),
and oxidative stress in several diseases (Ramalingam et al.
2017). According to reports, different components of this
system are found in different areas of the male reproduc-
tive tract, including the epididymis, vas deferens, prostate,
seminal fluid, testes, and spermatozoa (Pascolo et al. 2020).
Given that Leydig cells are responsible for producing their
transcripts, it can be inferred that the local RAS regulates
testosterone synthesis (Pascolo et al. 2020).

Due to the ability of angiotensin II to generate reactive
oxygen species, which can trigger inflammatory responses
and harm cells, blocking the RAAS has emerged as a logi-
cal therapeutic strategy for addressing oxidative stress
and inflammation, which are the underlying causes of the
disease. Mucosal vasoconstriction is the primary route by
which these effects are communicated (Sachse and Wolf
2007; Dikalov and Nazarewicz 2012). Azilsartan possesses
lower acidity and higher lipophilicity than other angiotensin
receptor blockers (ARBs) due to its close structural simi-
larity to candesartan. This structural similarity contributes
to its increased potency and extended duration of action.
Furthermore, it exhibits a strong affinity for AT1 receptors
and has a prolonged dissociation rate, distinguishing it from
other ARBs currently approved for clinical use (Kurtz and
Kajiya 2012). Due to the potential of azilsartan as an anti-
oxidant, among other possible mechanisms, and the close
relationship between the damage of ROS against testicular
dysfunction, we examined the potential use of azilsartan as
a novel agent to ameliorate male infertility. The main objec-
tive of this study is to investigate azilsartan’s effectiveness
as an innovative approach for treating male infertility using
the CP-induced rat model.
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Methods
Chemicals

Cyclophosphamide was supplied as powder preparation by
Hangzhou Royal pharm®/China. Azilsartan was supplied
as powder preparation by Hangzhou Royal pharm®/China.

Animals and study settings

Thirty Sprague—Dawley Male rats (weighing 280-350
g, ranging in age between 8 and 9 weeks). The rats were
purchased from the Iraqi Center for Cancer Research and
Medical Genetics. Rats were acclimatized for 10 days before
experiments. They were housed individually in plastic cages
covered by stainless-steel nets. The study was carried out
et al.-Nahrain University/College of Medicine between the
October 1, 2023 and April 2024.

Wood shavings were autoclaved and used as bedding
material. Water and standard food pellets (Elazig Food Com-
pany, Turkey) were provided ad libitum in the ventilated
room at 24 +2 °C with a 12-h-light/dark cycle and 40-60%
humidity.

Preparation of azilsartan suspension (Lan et al.
2018)

The azilsartan suspension was produced in a sterile colloidal
suspension. Azilsartan was dissolved to make a 0.5% w/v
suspension of carboxy methyl cellulose (CMC), as follows:
first, 500 mg of Na-CMC was dissolved in 7 ml of distilled
water using a flame alcohol burner (60°C). While stirring,
distilled water was slowly added until a colloidal suspen-
sion of 100 ml in a volumetric flask was formed, and 0.5%
NaCMC was formed (Lan et al. 2018). Then, the 12 mg of
azilsartan powder is added gradually with continuous stir-
ring in 10 ml CMC suspension until a homogeneous sus-
pension is formed, with the resultant azilsartan 0.5%-CMC
suspension (Hussain et al. 2017).

Study design

Testicular toxicity was induced by intraperitoneal (IP)
administration of CP (200mg/kg as a single dose) on day 6
of the experiment (Chabra et al. 2014). Rats in the normal
control group (n=10) received 1.0 ml of the vehicle (0.5%
CMC suspension) for 13 days, while rats in the CP group
(n=10) received no intervention for 5 days, followed by a
single dose of 200 mg/kg of CP on day 6 by IP injection and
were left untreated for the following 7 days. In the azilsar-
tan group, the animals received 4mg/kg of freshly prepared



Naunyn-Schmiedeberg's Archives of Pharmacology

azilsartan suspension and were given orally once daily using
gastric gavage (Gupta et al. 2020; Alaaeldin et al. 2023) for
5 days. On day 6, the animals received a single dose of 200
mg/kg of CP by IP injection. On day 7 (after 24 h of CP
induction), azilsartan was continued orally at 4 mg/kg once
daily until day 13, as illustrated by Fig. 1.

Preparation and sampling of animals

On day 14 of the experiment, the animals were euthanized
by cervical dislocation under anesthesia with ketamine-
xylazine (all rats were anesthetized intraperitoneally (IP)
with 80 mg/kg of ketamine (ketamine 10%, Alfasan Ned-
erland BV, Holand) and 10 mg/kg of xylazine (XYL-M2,
VMD® Livestock Pharma, Belgium)) (Dodelet-Devillers
et al. 2016; Underwood and Anthony 2020; Pierozan et al.
2017) (The animals were selected randomly by an observer
who was unaware of the grouping), only animals with con-
firmed infertility status in CP-treated rats were included in
the study (which was evaluated by the sperm characteristics
and histopathological examination).

All animals were weighed on the 14th day, and blood
samples were collected from cardiac puncture with 5-mL
syringes for the hormonal assay. Immediately after blood
collection, testes and epididymis were dissected and
weighed by sensitive balance. The blood samples were trans-
ferred to gel tubes, and their serum samples were obtained
using a centrifuge unit with 3000 RPM for 5 min. The serum
samples were transferred to Eppendorf tubes and stored
at—20 °C until hormonal and biochemical measurements
were taken. At the same time, the weight of the testis and
epididymis was expressed as a percentage of body weight.
A single testis was taken for histopathologic assessment
(maintained in formalin 10%), and the other was collected
for quantitative measurement of testosterone, oxidative, and
antioxidant effects by using enzyme-linked immunosorb-
ent assay (ELISA) manufactured by (Cloud-clone crop® /
England).

Testicular homogenates

Each testis sample, weighing 100 mg, was homogenized in
900 pL of 0.1 M phosphate-buffered saline (PBS) with a pH
of 7.4. Subsequently, the sample was centrifuged at 4500
revolutions per minute for 15 min at a temperature of 4 °C.
The resulting liquid portion was then collected (Mesbahza-
deh et al. 2021). The homogenates were used to measure
the concentrations of malondialdehyde (MDA), glutathione
peroxidase (GPx), and activated oxidized protein product
(AQOPP) spectrophotometrically using the ELISA technique
(Cloud-clone crop® /England) and the ELISA Reader
(ELISA reader, Diagnostic Automation / Cortez Diagnos-
tics®, California, USA).

Serum testosterone

Serum level of testosterone was assessed using ELISA
according to the manufacturer’s instructions.

Sperm analysis

Motility The cauda epididymis of each rat was extracted
and purified from the epididymal fat pad. It was then finely
chopped in a Petri dish with 1 ml of a phosphate buffer saline
solution and left to incubate for 2 min at a temperature of
35 °C. Sperm motility was assessed by depositing a ten-
microliter sample of sperm suspension on a clean slide,
which was then covered with a 24 X 24 coverslip. The sample
was viewed under a microscope using X400 lenses. A sperm
was deemed motile when it displayed discernible flagella
movement. Sperm motility was evaluated by examining at
least five microscopic areas and calculating the mean value
(Akinwande et al. 2019).

Viability Sperm viability was evaluated under a micro-
scope by creating smears; this involved combining 10 pL
of eosin-nigrosine stain with 10 pL of epididymal suspen-
sions, incubating the mixture for 30 s, spreading the stained
suspensions on glass slides, and allowing them to dry in
the air. After 30 s, a small amount of the combination was
deposited onto a glass slide and evenly distributed to cre-
ate a thin layer, left to dry in the air. The smear was ana-
lyzed using a light microscope with X 100 oil immersion.
Unstained sperm that were alive were observed, while dead
sperm were stained with a pink or red color. A minimum
of 200 spermatozoa were assessed, and the vitality of the
sperm was measured as a ratio of dead-to-live sperm (Okolo
et al. 2017).

Sperm count The semen samples were extracted from the
posterior region of the epididymis. First, a portion of the
epididymis was coarsely chopped into small pieces and
placed in 1 mL of a saline solution. It was then kept at 37°C
for approximately 2 min to allow the sperms to escape from
the epididymis. An aqueous solution containing 25 mg of
eosin per 100 mL of distilled water, 1 mL of formalin (35%),
and 5 g of sodium bicarbonate (NaHCO3) was used to dilute
the supernatant. A 10-pL droplet of this solution was intro-
duced into the sperm-counting chamber and observed using
a light microscope at a magnification of 400 X (Ijaz et al.
2023).

DNA fragmentation using acridine orange (AO)
assay

The AO assay quantifies the capacity of sperm nuclear
DNA to undergo acid-induced denaturation, resulting in a
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Fig. 1 Flow-chart of the study
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metachromatic shift of AO fluorescence from green (indicat-
ing native DNA) to red (indicating denatured DNA). AO, a
fluorochrome, attaches to double-stranded DNA as a mono-
mer and binds to single-stranded DNA. When the AO mole-
cule is attached to intact DNA, it emits a green fluorescence.
However, when the AO molecules are clumped together on
unfolded DNA, they emit a red fluorescence (Mohammed
et al. 2015).

To conduct this fluorescence microscopy assay, dense
semen layers are treated with a fixative solution (methanol:
glacial acetic acid 3:1) for 2 h. The slides are immersed in
a staining solution for 5 min and washed with water. The
slides were rinsed with distilled water, placed beneath a
glass cover, and seen using a fluorescence microscope with
an excitation wavelength of 450-490 nm. The same exam-
iner examined an average of 200 sperm cells on each slide.
Spermatozoa exhibiting green fluorescence possessed intact
DNA, while those displaying a yellow-orange to red fluores-
cence spectrum were deemed to have DNA damage (Hoshi
et al. 1996).

Histopathology assay

The testicle tissues were fixed and dehydrated in a 10%
formalin solution and subsequently covered with paraffin.
Subsequently, the tissues were sliced into sections: 5 pm
in thickness and stained with Hematoxylin and eosin (H &
E) stain.

Johnsen’s scoring (JS) system

The Johnsen’s score (JS) method was utilized to classify the
effectiveness of spermatogenesis. The extent of testicular
injury was assessed using a scale from 1 to 10, with 1 indi-
cating the absence of seminiferous epithelium and 10 sig-
nifying full spermatogenesis and intact tubules (Tang et al.
2018). All the evaluations were done blindly.

Gonadosomatic index (GSI) evaluation

The testis and cauda that were removed after dissection were
weighted accurately using electrical balance, and then the
animal organ index was calculated according to the follow-
ing equation (Chen et al. 2021):

Gonad weight (left and right testis)

GSI =
total body weight

x 100

Statistical analysis

Due to the data’s non-normal distribution, the Kruskal-Wal-
lis and post hoc Dunn tests were employed to compare

groups. The data are displayed as the median and interquar-
tile range (IQR). The data underwent analysis using Graph-
Pad Prism 10.2, which generated graphs and figures. The
animal sample size was determined using the G.Power 3.1
software (post hoc sample size was done with an effect size
of 0.5 and an alpha level of 0.05, F-family tests with a total
sample size of 30 for each group of ten animals).

Results
Effect of azilsartan on seminal fluid analysis

The analysis results revealed a statistically significant reduc-
tion in sperm count and motility in animals that received CP
induction compared to normal control. In contrast, there was
a significant elevation in the dead sperms, abnormal cells,
and DNA fragmentation of the seminal fluid analysis in the
CP induction group compared to the normal control group,
as illustrated by Figs. 2 and 3.

In azilsartan-treated animals, the results revealed a
marked statistical improvement in all the parameters of the
seminal fluid analysis (except for dead sperm count, which
showed non-significant improvement) compared to the CP
induction group (Table S1), as illustrated by Figs. 2 and 3.

Effect of azilsartan on gonadosomatic index

Results of the study revealed that the induced CP-treated
animals expressed a marked and statistically significant
reduction (<0.0001) in the GSI (testicular and cauda) as
compared to the normal (healthy) animals. Compared to the
induced CP group, azilsartan-treated animals statistically
improved the GSI (P £0.05), as seen in Fig. 3C and D.

Effects of azilsartan on histopathological features
and score

The histopathological examination of the normal control
group revealed the presence of intact testicular structure,
characterized by well-defined seminiferous tubules at vari-
ous stages of spermatogonial cell development (including
normal spermatogonia, primary spermatocytes, spermatids,
and Sertoli cells). Furthermore, the slide displayed a normal
spermatogenesis process, with a visible lumen containing
spermatozoa and interstitial cells (Fig. 4A). Rats subjected
to CP treatment (induction group) exhibited a deficiency in
primary spermatocytes, spermatids, and Sertoli cells. Addi-
tionally, there was disorganization of spermatogenic cells
with a decreased number of spermatids and damage and dis-
ruption of the epithelial walls of the seminiferous tubules
(Fig. 4B). The azilsartan group showed well-preserved tes-
ticular tissue with a significant presence of spermatogonia,

@ Springer



Naunyn-Schmiedeberg's Archives of Pharmacology

(A)

* © .

100+

60+

e
01

N
=3
1

Dead Sperm Count x1 0% /mm®

)

20+

" ! 40 T " 1

204

Abnormal Sperms

o

T T 1 T
Normal Induced (CP) Azilsartan Normal

(E)

30+ T

1
Induced (CP)

1 1 T T
Azilsartan Normal Induced (CP) Azilsartan

&k kk *®

[>ﬂ _
0

DNA Fragmentation

N
(=3
1

Sperm Count x10° /mm?®

-

S

1

-
(=)
1

d'_g.:b

T T T T
Normal Induced (CP) Azilsartan Normal

Fig.2 Sperm analysis of the animal groups showing the percentages
of A dead sperm, B sperm motility, C abnormal cells, D DNA frag-
mentation, and E total sperm count. (n=10 for each group, a single

primary spermatocytes, spermatids, and Sertoli cells. The
epithelial walls of the seminiferous tubules were shown to
be intact in Fig. 4C.

The testicular index, Cauda index, and Johnsen’s score
were significantly lower in the induction group compared
to the normal control group; the azilsartan group showed
significantly higher testicular index, Cauda index, and
Johnsen’s score compared to the induction group, as seen
in Fig. 4D, E, and F.

Effect of azilsartan on oxidative stress markers

The results revealed that there was a statistically significant
(P <0.0001) elevation in the tissue level of the oxidative
markers (MDA and AOPP) in the induction group compared
to normal control, as seen in Fig. 5A and B. In contrast, there
was an evident and significant reduction (P <0.0001) in the
tissue level of the antioxidant marker (GPx) in the induction
group compared to the normal control, as seen in Fig. 5C.
In azilsartan-treated animals, the analysis of the results
shows a remarkable reduction in the tissue level of (MDA
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asterisk (¥) indicates p-value <0.05, quadruple asterisks (****) indi-
cate p-value <0.0001). CP, cyclophosphamide (the induction agent);
DNA, deoxyribonucleic acid

and AOPP), an elevated level of the antioxidant GPx with
very high (P <0.0001), which was statistically significant
compared to the induction group, as illustrated in Fig. 5.

Effect of azilsartan on the testosterone level

The results revealed a drastic and significant reduction in the
serum level of testosterone in the induction group compared
to the normal control group. In azilsartan-treated animals,
the analysis of the results shows a remarkable elevation in
the serum level of testosterone with statistical significance
compared to the induction group, as seen in Fig. 6.

Discussion

The advancement of therapeutic protocol to treat cancer
patients has led to improvement in the survival rates of such
patients; this increase in survival rates necessitates man-
aging adverse effects associated with using an anticancer
medication; among these adverse effects is infertility. CP
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Fig.3 A representative image ( A)
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is a common component of several anticancer medication
protocols like breast cancer (Lambertini and Partridge 2021;
Shihab et al. 2024), Hodgkin lymphoma (Nayak et al. 2021),
and acute lymphoblastic leukemia (Zhao et al. 2019); these
cancers are associated with a high rate of survival; in these
patients, CP-associated infertility is a major burden (Abu-
Risha et al. 2022). Assessments of testicle injury rely on
evaluations of sperm and hormonal levels. CP causes sig-
nificant testicular damage, especially during the first stages
of sperm production (Ghafouri-Fard et al. 2021).

This led to searching for safe options to prevent initially
on one hand while maintaining its therapeutic potential as
an anticancer agent; this concept was the major drive in this
study’s hypothesis (Moss et al. 2016; Nurgali et al. 2018).
Testicular toxicity is a significant problem in cancer treat-
ment, which has led to the development of a new field of
medicine known as oncofertility (Ntemou et al. 2019). The

~
10pm Dead 10pm

10pm

goal of oncofertility is to preserve the reproductive capac-
ity of people who have undergone chemotherapy or radio-
therapy (Ahmed et al. 2022).

The present investigation found that CP treatment resulted
in testicular toxicity, characterized by a notable decrease in
sperm motility, sperm viability, and sperm count. Addition-
ally, there was an increase in the proportion of sperm with
DNA fragmentation and various sperm abnormalities (tail
defects, neck and middle piece defects, and head defects,
along with changes in the histological structure of the testes
and a significant reduction in primary spermatocytes, sper-
matids, and Sertoli cells.

In line with our research, Kaya et al. provided evidence
that CP treatment caused DNA damage in sperm and
decreased sperm count and motility in rats following a single
dose of exposure (Kaya et al. 2019). Previous reports have
indicated that rats treated with CP showed a reduction in
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Fig.4 Changes in the testis histology and index among animal groups
that represent A histopathological features in the control group, B
histopathological features in the induction group, C histopatho-
logical features in the azilsartan group, D testicular index, E cauda
index, and F Johnsen’s score. H and E stain 10xand 40X power.

the number of normal testicular germ cells (hypo-spermat-
ocytes), increased abnormal sperms, and abnormal testicular
histology reflecting infertility (Delessard et al. 2020; Chabra
et al. 2014; Abarikwu et al. 2012; Khamis et al. 2023; Hus-
sein et al. 2024b). These findings provide more evidence
supporting the harmful impact of CP on male reproductive
function.

Oxidative stress is a well-defined factor in male infertil-
ity (Asadi et al. 2021), since testicular tissue can be dam-
aged by peroxidative stress owing to its high mitotic activity
(Alkhalaf et al. 2020; Khamees et al. 2018). Sujayraj et al.
discovered a correlation between an increase in germ cell
apoptosis and the harmful effects of CP on testicular weight
and GSI parameters (Sujayraj et al. 2016). Similarly, our
investigation found that CP treatment significantly lower
testicular and cauda weights than the control group.
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In the current study, CP treatment was associated with an
elevation in oxidative stress markers (AOPP and MDA) and
a reduction in GPx levels compared to the control group. On
the other hand, pretreatment with azilsartan showed a reduc-
tion in the negative effects induced by CP, with significant
elevation in GPx levels and reduction in MDA and AOPP
levels in the testicular tissue compared to the CP-treated
group. These findings indicate azilsartan offered partial pro-
tection against CP-treatment-associated infertility.

In addition to changes in body and sexual organ
weights, testosterone levels are also influenced by CP
treatment. Testosterone has a crucial role in controlling
the process of spermatogenesis through its effect on andro-
gen receptors (Smith and Walker 2014). The injection of
CP leads to a decrease in testosterone secretion; this has
a detrimental impact on testicular function, resulting in a
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reduction in sperm count, motility, and viability, as well
as an increase in sperm morphological abnormalities (Gaj-
jar et al. 2015). These findings were seen in the current
investigation.

Remarkably, in rats subjected to CP treatment, the
administration of azilsartan was correlated with the ability
to enhance testosterone levels, suggesting the intensity of
pituitary positive feedback was less pronounced and func-
tioning Leydig cell-associated testosterone biosynthesis
was partially preserved with azilsartan pretreatment. These
findings are in agreement with a previous study that showed

T
Induced (CP)

T T
Azilsartan Normal

T T
Induced (CP) Azilsartan

(*¥***) indicate p-value <0.0001). CP, cyclophosphamide (the induc-
tion agent); MDA, malondialdehyde; AOPP, advanced oxidation pro-
tein product; GPx, glutathione peroxidase

that treatment with CP increases the levels of HSH and LH
and reduces the levels of testosterone (Ibrahim et al. 2023).

Azilsartan is a novel angiotensin II type 1 receptor (AT1)
blocker that distinguishes itself from existing approved
ARBs by containing a 5-member oxo-oxadiazole ring
instead of a tetrazole ring. This structural feature is associ-
ated with decreased acidity and increased lipophilicity of
azilsartan, making it more capable of binding to the AT1
receptor than other members (Miura et al. 2013).

The Mitogen-activated protein kinases (MAPK) signaling
pathway is prominent in cellular signaling pathways. Vari-
ous external cues, including hormones, cytokines, and cell
stress, can trigger the activation of this pathway (Cargnello
and Roux 2011). The P38 MAPK signaling pathway is the
primary constituent of the MAPK (Li et al. 2022b). The
p38 MAPK signaling pathway is significantly involved in
the damage caused to the testes due to oxidative stress. Fur-
thermore, it is intricately linked to the control of spermato-
genesis (Luo et al. 2022). Since the primary mechanism of
CP-induced testicular toxicity is caused by ROS damage
(Alkhalaf et al. 2020). Previous studies have shown that
increased levels of ROS can trigger the activation of the
p38 MAPK signaling pathway in cases of testicular injury in
individuals with diabetes (Omolaoye and Du Plessis 2021).
The blood—testis barrier integrity is a critical physiological
mechanism that protects spermatogenesis from the immune
system and harmful chemicals in the blood; this integrity
is directly affected by increased p38 MAPK activity (Li
et al. 2022a). Concerning this issue, a previous study by
Sukumaran et al. showed that olmesartan, an AT1 recep-
tor antagonist, protects against experimental autoimmune
myocarditis by reducing the activation of p38MAPK (Suku-
maran et al. 2012). Also, Bekhit et al. showed that azilsar-
tan has a hepatoprotective effect against cisplatin-induced
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liver damage by controlling the MAPK signaling pathway
(Bekhit et al. 2023). Additionally, compared to valsartan
(another AT1 receptor antagonist), azilsartan significantly
increased adipogenesis in rats by causing overexpression of
PPAR-y (Kajiya et al. 2011). Activated PPAR-y has a crucial
role in connecting lipid metabolism and reproduction in a
broad sense. Sperm physiology and male fertility depend on
the energy derived from glucose and fat metabolism, which
the PPAR-signaling pathway regulates (Bekhit et al. 2023,
Raheem and Mohammed Ali Mahmood 2023, Hussein et al.
2024a).

Study limitation

While animal models provide valuable insights into human
disorders, they may need to depict the complex nature of
male infertility in humans fully. The study did not utilize
clinical data acquired from human volunteers. Although the
results in the rat model indicate promise, further inquiry is
necessary to determine the safety and efficacy of azilsartan
in humans.

Conclusion

Azilsartan pretreatment showed an ameliorative effect
against cyclophosphamide-induced testicular toxicity; this
effect was associated with improved testosterone levels, indi-
cating preservation of Leydig cell-associated testosterone
biosynthesis. Azilsartan showed a potent antioxidant effect,
as indicated by improved glutathione peroxidase activity and
reduced oxidative stress markers. These findings indicate
azilsartan’s potential as a protective agent in cancer patients
receiving cyclophosphamide.
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