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Abstract

Background: Cisplatin is a widely used antineoplastic drug in different types of cancers (ovarian, testicular, and hematological) with
several types of adverse effects, including testicular toxicity. Fimasartan is a newer angiotensin-receptor blocker (ARB) that has
antioxidant and anti-inflammatory properties. Omega-3 is an unsaturated fatty acid that has antioxidant and anti-inflammatory effects.
Objective: to evaluate the protective effects of fimasartan alone or in combination with omega-3 against cisplatin testicular toxicity.
Methods: Thirty Wistar rats were divided into five groups: control group, cisplatin-treated group, fimasartantcisplatin group,
fimasartan+omega-3-+cisplatin group, and omega-3+cisplatin group. Treatments were administered for 10 consecutive days. On day 10,
a single intraperitoneal dose of cisplatin (7mg/kg) was given to induce testicular toxicity. On day 11, animals were sacrificed. Testicular
tissue homogenates were used to measure malondialdehyde (MDA), reduced glutathione (GSH), and superoxide dismutase (SOD). Serum
levels of testosterone and inhibin-B were measured using ELISA. Histopathological examination of the testes was also performed.
Results: Cisplatin administration significantly increased MDA levels and significantly decreased GSH, SOD, testosterone, and inhibin-
B levels compared with the control group. Treatment with fimasartan alone or in combination with omega-3 significantly attenuated these
alterations and improved histopathological changes in testicular tissue. Conclusions: Fimasartan exerts protective effects against
cisplatin-induced testicular toxicity through its antioxidant and reducing oxidative stress effects, and its combination with omega-3
enhances these protective effects.
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INTRODUCTION anterior pituitary gland hormones follicle-stimulating

hormone (FSH) and luteinizing hormone (LH). FSH is
The testes are one of the main structures of the male the hormone that is responsible for spermatogenesis in
reproductive system. Testes are responsible for many the testis. Exposure to certain chemicals, heavy metals
physiological functions in males. These functions include like lead, drugs like cyclophosphamide, and
production and maturation of sperm in a process called environmental factors like heat had a deleterious
spermatogenesis, beside steroidogenesis, which includes influence on testicular physiological functions [2]. These
production of diverse male sex hormones like factors increase oxidative stress inside the testes, damage
testosterone (which is the main androgenic hormone) that or disrupt the blood-testis barrier, directly damage germ
is responsible for the development of males, bone cells, and/or interfere with hormonal regulation. All these
synthesis, and mood [1]. Synthesis and release of male effects refer to testicular toxicity. Testicular toxicity is a
sex hormones (mainly testosterone) are controlled by crucial and critical pathological condition because it
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leads to infertility, hormonal imbalance, and/or testicular
atrophy [3]. Chemotherapy is a type of antibiotic used for
its cytotoxicity against cancer cells; it is used to cure the
patients from cancer, prevent cancer cell division, or for
palliative care. The most major problem with
chemotherapeutic drugs is their selectivity, in which
some healthy cells (not cancerous cells) are affected by
their action in different organs, raising many adverse
effects for cancer [4]. The testis is highly vulnerable to
toxic insults of chemotherapy due to its high metabolic
rate and richness in blood vessels, besides the presence
of rapidly dividing germ cells that increase susceptibility
to DNA damage [5,6]. Cisplatin is widely used and
considered the gold standard in many types of solid
tumors, including lung, breast, testicular, ovarian, and
bladder cancers [7]. Cisplatin is a prodrug molecule after
entry to cancer cells. It forms reactive platinum
complexes, which create intra-strand and inter-strand
cross-links by binding covalently to guanine bases in
DNA. This in turn distorts the DNA helix, inhibiting
replication and transcription, triggering DNA damage
response, cell cycle arrest (G2/M), and ultimately
apoptosis (programmed cell death) [8]. The cure rates of
use of cisplatin (Cis)-based chemotherapy are higher, up
to 90%, in most frequent malignant cancers. Testicular
dysfunction and infertility associated with Cis therapy
are of particular concern, especially for young men of
reproductive age [9]. Cisplatin has a direct effect on
mitochondrial DNA (mtDNA); induced ROS generation
occurs as a consequence of its mitochondrial effects [10].
Mitochondria are considered one of the most important
endogenous sources of reactive oxygen species (ROS).
As its main role is to produce cell energy by oxidative
phosphorylation. Cisplatin has a direct effect on mtDNA;
induced ROS generation occurs as a consequence of its
mitochondrial effects [11]. Fimasartan, the ninth and
most recent angiotensin II receptor blocker (ARB), was
approved in 2010 for the treatment of hypertension [12,
13]. Fimasartan is a pyrimidin-4(3H)-one derivative of
losartan in which the imidazole ring has been replaced
with a change that provides higher potency and longer
duration than losartan. Fimasartan exhibits slow
dissociation and irreversible binding at the angiotensin II
type 1 receptor, while losartan competes with angiotensin
I, fimasartan acts more like a non-competitive,
insurmountable antagonist. [14]. Renin-angiotensin
system blockade has antihypertensive, antifibrotic, anti-
inflammatory, and antioxidant effects [15]. The renin-
angiotensin system (RAS) blockage with ARBs is highly
effective in slowing the progression of kidney disease in
humans and experimental animals [15]. Omega-3 fatty
acids are long-chain polyunsaturated fatty acids. It's
considered an essential fatty acid because of the inability
of the human body to produce this fatty acid directly.
Omega-3 has different bioactive families, which are
necessary for the growth of the body; these fatty acids
include eicosapentaenoic acid (EPA), docosahexaenoic
acid (DHA), and the less prevalent docosapentaenoic
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acid (DPA) [16]. EPA and DHA exhibited positive effects
on multiple metabolic pathways, such as those involved
in reducing serum triglycerides and glucose response,
vascular endothelial function, platelet aggregation,
regulation of the inflammatory response, and
improvement of the myocardial, brain, and immune
functions [17-19]. This study aims to evaluate the
protective effects of fimasartan alone or in combination
with omega-3 against cisplatin testicular toxicity.

METHODS
Materials and chemical reagents

Fimasartan was purchased from MedChemExpress,
USA. Cisplatin was obtained from Accord Healthcare,
UK. Omega-3 was purchased from Nutrient Life, USA.
Commercial ELISA kits for the determination of reduced
glutathione  (GSH), malondialdehyde  (MDA),
superoxide dismutase (SOD), testosterone, and inhibin-B
were obtained from Elabscience, USA.

Study design and setting

In the present study, 30 Wistar albino rats were obtained
from the animal house at the College of
Pharmacy/University of Baghdad. The rats were between
8 and 10 weeks old and weighed between 100 and 125
grams. Prior to treatment, the animals were subjected to
a two-week acclimatization period in the laboratory.
Complimentary water and a regular food plan were
given. The temperature was meticulously regulated at 25
+ 5°C, while the environment was upheld with 12-
hour alternating periods of light and darkness and
suitable levels of humidity. The study methods and ethics
were granted approval by the Research Ethics Committee
of the College of Pharmacy at the University of Baghdad
(REC02205111A on 3/4/2025).

Experimental procedures

The rats are randomly allocated into 5 groups of 6
animals as follows: Group I: Animals were orally
administered a suspension of carboxymethylcellulose
(CMC) (0.4 ml/day) by rats’ oral gavage for 10
successive days. Group II: Animals were orally
administered a suspension of 0.4 ml/day CMC by rats’
oral gavage for 10 successive days; then on day 10, the
animals were injected intraperitoneally (I.P.) with a
single dose of 7 mg/kg cisplatin [20]. Group III: Animals
were orally-received fimasartan at a dose of 10
mg/kg/day for 10 successive days; and, on day 10, the
animals were I.P. injected with a single dose of 7 mg/kg
cisplatin [21]. Group IV: Animals were orally receiving
fimasartan at a dose of 10 mg/kg/day. + omega-3 at a dose
of 400 mg/kg/day for 10 successive days, and on day 10,
the animals were I.P. injected with a single dose of 7
mg/kg cisplatin. Group V: Animals received omega-3
orally at a dose of 400 mg/kg B.W. [22] for 10 successive



Kareem & Hassan

days; and on day 10, the animals were injected (I.P.) with
a single dose of 7 mg/kg cisplatin. On day 11, animals
were anesthetized using diethyl ether and then killed by
cervical dislocation to ensure death before tissue
collection. Blood samples were collected, and the
right testis was removed for histopathological analysis,
while the left was for tissue homogenization. Enzyme-
Linked Immunosorbent Assay (ELISA) tests were used
to measure testosterone and inhibin-B hormone levels in
serum, while MDA, GSH, and SOD were measured in
testicular tissue homogenate, and a histopathology study
was done.

Fimasartan and omega-3 in testicular toxicity

Statistical analysis

Data were expressed as mean + standard deviation (SD).
Statistical analysis was performed using one-way
analysis of variance (ANOVA), followed by Tukey’s post
hoc test for multiple comparisons. p-values < 0.05 were
considered statistically significant.

RESULTS

As shown in Table 1, the cisplatin-treated group (group
II) exhibited a significant decrease in antioxidant
biomarkers, including reduced glutathione (GSH) and
superoxide dismutase (SOD) (p< 0.05), compared to the
control group (group I).

Table 1: Effects of Fimasartan and/or Omega 3 on different antioxidant parameters in cisplatin induce testicular toxicity

Animal group GSH SOD MDA
(mg/L) (ng/ml) (ng/ml)
Group I(control) 27.40+£2.66* 1.99+0.63* 213.5£2.49*
Group II (cisplatin) 6.39+1.33° 0.360.08° 714.6+212.7°
Group III (fimasartan) 15.12+£3.37¢ 1.23+0.12¢ 248.5£18.57%
Group IV(fimasartan+omega-3) 21.07+3.44% 1.46+0.25% 265.3+41.20%
Group V(omega-3) 20.2642.72% 1.50+0.55%* 200.8+4.03¢

Data is express as mean+SD, number of animals in each group=6. GSH: reduced glutathione, SOD: superoxide dismutase, MDA: malondialdehyde.

Different superscripts (a,b,c,d) represent significant differences.

In contrast, a significant increase in malondialdehyde
(MDA) levels was observed in the cisplatin group (p<
0.05). Treatment with fimasartan (group III) resulted in a
significant elevation of GSH and SOD levels (p< 0.05),
along with a significant reduction in MDA levels
compared to the cisplatin group. Moreover, the combined
treatment with fimasartan and omega-3 (group IV)
demonstrated a more pronounced effect, with a highly
significant increase in GSH and SOD levels (p<0.01) and
a significant decrease in MDA levels compared to the
cisplatin group. As presented in Table 2, the cisplatin
group (group II) showed a significant reduction (p< 0.05)
in serum testosterone and inhibin-B levels compared to
the control group.

Table 2: Effects of Fimasartan and/or Omega-3 on different male
hormones in cisplatin induce testicular toxicity

Animal group Testosterone Inhibin-b
(pg/ml) (pg/ml)
Group I(control) 3.43+0.88° 300.8+58.42*
Group II (cisplatin) 0.43+0.05° 138.2+28.20°
Group III (fimasartan) 1.47+0.14¢ 286.7+49.50*
Group IV(fimasartan+omega-3) 2.68+0.44¢ 288.5+41.85*
Group V(omega-3) 2.29+0.79¢ 332.24£21.93°

Data is express as mean+SD, number of animals in each group=6
Different superscripts (a,b,c,d) represent significant differences.

Treatment with fimasartan (group III) significantly
increased both testosterone and inhibin-B levels (p<
0.05) relative to the cisplatin group. Notably, the
combination therapy (group IV) produced a highly
significant improvement (p< 0.01) in both parameters
compared to the cisplatin group. In Figure 1a, the control
group section of the testis (control group) shows a normal
appearance with the shape and size of seminiferous
tubules that are comprised of well-differentiated
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germinal cells (g), lumina (L), and interstitium (arrows).
In Figure 1b, a section of testis (cisplatin) shows severe
deterioration of seminiferous tubules that showed severe
oligospermia (arrows) and apoptosis at the magnification
metric (H&E stain, 100x). Figure 1¢ shows normal-sized
seminiferous tubules with regular shape, normal
spermatogenesis, and little oligospermia with necrosis of
spermatocyte cells (black arrows) and normal
interstitium (red arrow) (H&E stain, 100x). Figure 1d
shows normal-sized seminiferous tubules with regular
shapes, normal spermatogenesis, and few macrovacuoles
within spermatocyte cells (arrows). Meanwhile, Figure
le shows normal-sized seminiferous tubules with regular
shapes, normal spermatogenesis, normal interstitium (red
arrows), and few macrovacuoles within spermatocyte
cells (m) (H&E stain, 100x).

DISCUSSION

The present findings are consistent with previous studies
demonstrating the deleterious effects of cisplatin on
testicular function. Cisplatin has been shown to induce
DNA-adducts formation and excessive generation of
reactive oxygen species (ROS), leading to mitochondrial
oxidative stress and subsequent cellular damage [23].
This oxidative insult contributes to the destruction of
both Leydig and Sertoli cells through activation of
apoptotic pathways, particularly via caspase-dependent
mechanisms [24,25], ultimately resulting in decreased
levels of testosterone and inhibin-B [26]. Moreover,
cisplatin has been reported to activate multiple signaling
pathways, including mitogen-activated protein kinases
(MAPK), nuclear factor kappa B (NF-kB), and inducible
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nitric oxide synthase (iNOS), all of which play critical
roles in the pathogenesis of testicular injury.

Figure 1: Histopathological image of rat testis, group I normal group (a), group II
cisplatin group (b), group III fimasartan group+cisplatin (c), group IV,
fimasartan+omega+cisplatin (d), group V omega group+cisplatin (e). Red arrow
refers to interstitium, back arrow refers to spermatogenesis, except in group (b)
indicated apoptosis.( Magnification 100X: H&E). Histopathological examination of
testicular tissue (Figure 1) revealed normal architecture in the control group (Group
I), characterized by well-organized seminiferous tubules containing differentiated
germ cells, normal lumina, and intact interstitium. In contrast, the cisplatin group
(Group II) showed marked degeneration of seminiferous tubules, severe
oligospermia, and evident apoptotic changes (H&E stain, 100X). Treatment with
fimasartan (Group III) showed partial restoration of testicular structure, with nearly
normal seminiferous tubules, mild oligospermia, and some necrotic spermatocytes.
The combined treatment group (Group IV) demonstrated substantial improvement,
with preserved seminiferous tubule architecture and nearly normal spermatogenesis,
although few cytoplasmic vacuoles were observed. Similarly, the omega-3-treated
group (Group V) exhibited largely normal histological features with intact
seminiferous tubules, normal spermatogenesis, and minimal vacuolization (H&E
stain, 100X).

The activation of these pathways enhances inflammatory
responses, characterized by elevated levels of pro-
inflammatory cytokines such as IL-6, which further
amplify oxidative stress and promote cell cycle arrest,
thereby impairing spermatogenesis [27,28]. Under
oxidative stress conditions, excessive ROS production
leads to lipid peroxidation and protein damage, as
evidenced by increased levels of malondialdehyde
(MDA), a key marker of lipid peroxidation.
Concurrently, antioxidant defense systems, including
reduced glutathione (GSH) and superoxide dismutase
(SOD), become depleted, exacerbating cellular injury
[29]. Fimasartan, a blocker of angiotensin II receptors,
has demonstrated potent antioxidants and anti-
inflammatory properties in previous studies. It has been
shown to attenuate oxidative stress and inflammation
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through upregulation of the Nrf2 signaling pathway,
thereby enhancing endogenous antioxidant defenses
[30]. Additionally, fimasartan reduces the expression of
pro-inflammatory cytokines such as TNF-a and IL-6,
while modulating apoptotic pathways by increasing anti-
apoptotic Bcl-2 expression and decreasing pro-apoptotic
markers including Bax and caspase-3 [31,32]. Given that
cisplatin-induced toxicity is associated with elevated IL-
6 levels and activation of downstream inflammatory
cascades involving TNF-a and IL-1B [33-35], the
inhibitory effects of fimasartan on these mediators
contribute  significantly to its protective role.
Furthermore, fimasartan suppresses NF-kB activation, a
key regulator of inflammatory responses and iNOS
expression, thereby reducing inflammation and
preventing apoptosis or necrosis in testicular tissue.
These mechanisms collectively enhance cell viability and
support testicular function. The activation of Nrf2
signaling is particularly important in preserving sperm
quality and hormonal production, including testosterone
and inhibin-B, while reducing oxidative stress by
decreasing MDA levels and restoring antioxidant
markers such as GSH and SOD [36]. Conversely, omega-
3 fatty acids confer protective effects via various
mechanisms. They are incorporated into cell membranes,
improving membrane stability and maintaining tissue
integrity while reducing lipid peroxidation and ROS
generation [37]. Omega-3 also has anti-apoptotic effects
by blocking NADPH oxidase (NOX), which helps cells
stay alive and makes hormones like testosterone and
inhibin-B [38]. In addition, omega-3 fatty acids enhance
antioxidant defense systems by activating Nrf2 and
upregulating downstream antioxidant enzymes such as
superoxide dismutase (SOD), catalase, and glutathione
peroxidase (GPx). They also exert anti-inflammatory
effects by increasing anti-inflammatory cytokines such as
IL-10 and inhibiting NF-«kB signaling and its downstream
mediators, including IL-1p and TNF-a [39,40]. We used
serum for hormone measurement because endocrine
organs secrete into blood; it also gives us a clear picture
of overall testicular function, spermatogenic activity,
validated assay, and non-invasive method [41, 42], while
tissue homogenate was used for GSH, MDA, and SOD
for local tissue assessment. It provides an accurate view
for oxidative damage, disease diagnosis (diabetic
complication, mechanism of toxic agent, and assessment
of reproductive toxicity), and therapeutic evaluation
[43,44].

Study limitations

This study has some limitations. Sperm count and
spermatogenesis parameters were not evaluated, as they
are important indicators of reproductive function. In
addition, only a single dose of fimasartan was tested, and
future studies are recommended to include different
doses and additional reproductive parameters.
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Conclusion
Fimasartan provides significant protection against
cisplatin-induced testicular  toxicity through its

antioxidant, reducing oxidative stress effects, and anti-
apoptotic properties. The combination with omega-3
enhances these protective effects, suggesting a potential
therapeutic strategy for reducing chemotherapy-induced
reproductive toxicity.
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