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ABSTRACT

Background: To investigate the effect of Ashwagandha (ASH) Withania somnifera (WS) in preventing
the damage caused by Fluoxetine (FLX) on testis.

Methods: Adult thirty-two male Wistar rats were randomly divided into four groups (eight rats in each): a
control group, an Ashwagandha-treated group (200 mg orally) according to Bhargavan et al (2015), a FLX
-treated group (10 mg/kg orally), and a combined FLX and ASH-treated group. Hormonal profiles
(testosterone, FSH, and LH) and sperm parameters (count, motility, abnormality, and semen fructose
levels) were evaluated. Testicular tissues were analyzed for biochemical markers, including glutathione
peroxidase (GSH), superoxide dismutase (SOD), glutathione S-transferase (GST), malondialdehyde
(MDA), and nitric oxide (NO), as well as for histopathological changes.
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Science, Al-Azhar University, Assiut
Branch, Egypt. Results: Biochemical parameters revealed tissue oxidative stress, in FLX group which was evidenced as
increase in MDA, NO level and reduction in GSH, GST, SOD activities in testes which were reduced in
co-treatment group. in addition, spermatogenesis was inhibited as indicated by the decrease (testosterone,
LH and FSH), (sperm count, motility). Moreover, ASH treatment leads to an increase in testosterone (TS),
LH, FSH levels, sperm count and motility.
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Conclusion: These observations suggest that the antioxidant properties of Ashwagandha may have played
a role in ameliorating the testicular toxicity induced by Fluoxetine.

Keywords: Ashwagandha, adaptogen, infertility, selective serotonin reuptake inhibitors (SSRIs),

fluoxetine, lipid peroxidation, oxidative stress, spermatogenesis

Introduction

Natural products are the source of over half of modern
pharmaceuticals [1]. Ashwagandha (Withania somnifera),
known as Indian ginseng or winter cherry, is a widely used
adaptogenic herb found in Asia, Africa, and the Middle
East [2]. It has been traditionally used for stress reduction,
immune modulation, and enhancing male fertility [3,4].
ASH root extract has demonstrated antioxidant, anti-
inflammatory, and neuroprotective effects, as well as the
ability to improve hormonal balance and semen quality
[5]. It acts through direct antioxidant mechanisms and by
restoring reproductive hormone levels and sperm
parameters [6].

Oxidative stress, caused by excessive reactive oxygen
species (ROS), impairs sperm function and DNA integrity,
leading to infertility and pregnancy loss [7]. Hormonal
regulation of spermatogenesis involves GnRH, LH, FSH and
LH stimulates Leydig cells, while FSH supports Sertoli cell
function. Disruption in these hormones can result in poor
sperm quality and infertility [8].

Medications, especially antidepressants like SSRIs, have
been linked to male infertility through hormonal imbalance
and oxidative damage [9] SSRIs such as fluoxetine (FLX)
are widely prescribed but can cause side effects including

sexual dysfunction, reduced testosterone, and impaired
spermatogenesis [10]. Chronic FLX exposure has been
shown to decrease sperm quality, TS and FSH levels, and
increase oxidative stress in rat models [11] Herbal
remedies like ASH may offer a protective effect against
such drug-induced reproductive toxicity [12]. Therefore,
this study aims to investigate the efficacy of ASH in
ameliorating FLX-induced testicular dysfunction in rats
by assessing biochemical, hormonal, histological, and
semen-related parameters.

Materials and Methods

Materials
Fluoxetine

Fluoxetine (Philozac®) was obtained as capsules from
Amoun Pharmaceutical Company, Cairo, Egypt. Each
capsule contained 10 mg fluoxetine hydrochloride. FLX
was dissolved in distilled water and was given orally to
animals by gavage at a dose level of 10 mg/kg body
weight (equivalent to the therapeutic dose for human
according to Laurence & Bacharach [13] daily for eight
weeks.
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Plant extraction

The ethanolic extract of ASH dry powdered roots was
carried out according to the modified method of Filipiak-
Szok et al., [14]. In brief, 2 gm of powder were soaked in 20
ml 70% ethanol at room temperature for 24 hrs. under
continuous stirring; then the mixture was filtered through
sterile filter paper (Whatman number 42, England). The
solvent was evaporated using a rotary evaporator, and the
extract was stored at —20 °C until further use.

Animals

The study was performed on thirty-two male albino rats
(Sprague-dawaley) weighing 150-200 gm. The rats were
obtained from an animal house at Assiut University, Faculty
of Medicine. They were housed under controlled laboratory
conditions (12-h light/ dark cycle at 25 £1 °C), provided
with the standard diet of rodent pellets and water. All the
experimental procedures were performed by the guidelines
of the Institutional Animal Care and the norms of Ethical
Committee of the Faculty of Science Al-Azhar University,
Assiut.

Ethics approval

Experiment was approved by the Ethics Committee of
Faculty of Science Al-Azhar University, Assiut; Certificate
Reference Number: (AZHAR 2/2021). Effort was taken to
minimize the number of animals used, as well as their pain
and suffering during experiments.

Animal grouping

The animals were randomly divided into four groups
with eight animals in each. First group served as control. In
the second group rats were orally administrated with FLX
at a dose of 10 mg/kg body weight equivalent to the
therapeutic dose for human according to Laurence &
Bacharach [13]. Third group; animals were treated with
ASH at a dose of 200 mg/kg body weight, according to
Anwer et al. (2012) daily for 8 weeks. Fourth group;
animals were given FLX followed by ASH daily for 8
weeks. All rats were handled blindly, with randomization
applied during group allocation [15].

Blood and tissue sampling

At the end of the experiment, the animals were fasted
overnight, and blood samples were collected; about 3 ml
blood of each animal. Sera were separated using cooling
centrifugation and stored at - 80°C until further analysis.
After blood collection, the animals were sacrificed and the
testes were dissected out, washed in cooled 0.9 % saline
solution then dried. After that one testis stored at - 80°C for
biochemical determinations and other testis passed to 10%
neutral buffer formalin to apply histopathological
examination.

Biochemical assay

After collection of blood sample, serum used to
determination TS, FSH and LH levels using Elisa kits
according to Babu, et al. (2004) [16].

Preparation of tissue samples

Testis parts were homogenized using an electrical
homogenizer to prepare 20% tissue homogenate in
phosphate buffer saline. The homogenates were
centrifuged for 10 min. at 10000 r.p.m using a cooling
centrifuge. The supernatant was separated and kept at -
80°C till determination of oxidative stress.

Spermatozoa characteristics

At the end of the study, semen samples were collected
from the cauda epididymis carefully that separated from
the testis and placed in a Petri dish containing Ham’s F10.
Epididymal cauda was minced with scissors to release
sperm and then was placed in the incubator for 15 min
[17]. approximately, 10uL of the diluted sperm
suspension was transferred to each counting chamber of
the hemocytometer and allowed to stand for 5 min [18].
The sperms which settled during this time were counted
by a light microscope at 200X magnification [19].

Biochemical investigations for oxidative stress markers

Homogenates of testis were used for the determination
of the extent of lipid peroxidation by measuring
malondialdehyde (MDA) formation via thiobarbituric
acid reaction method [20] . MDA reacts with
thiobarbituric acid in acidic medium that gives a pink-
colored pigment at 95°C.

Superoxide dismutase (SOD) activity was measured by
using spectrophotometer with an assay kit in according to
Misra & Fridovich 1972 [21] . The hydroxylamine test,
which was developed from the xanthine oxidase assay,
was used to measure the SOD activity in the samples. A
summary of the test principle is xanthine, and the xanthine
oxidase system produce superoxide anions. By oxidizing
hydroxylamine these superoxide anions produce nitrite. A
colored substance created when nitrite reacts with
sulfanilic acid and naphthalene diamine.

Also, GSH was evaluated as described by Beutler &
Kelly 1963 [22]. and Glutathione S-Transferase (GST)
according to Habig, et al. 1974 [23], while nitric oxide
according to Montgomery & Dymock 1961 [24].

Histopathological examination

After being fixed in 10% formalin, the testicular
tissues were dehydrated using ethyl alcohol in
ascending grades (70%, 80%, 90%, 95%, and 100%),
then cleared in xylene, and embedded in paraffin wax.
Sections of 4 — 5 um (um) thickness were cut and
stained with hematoxylin and eosin according to
Cunningham 1997 [25]. Then stained slides were used
for histopathological and morphometric evaluations.
Photographs were taken using an optical microscope
(Olympus, Tokyo, Japan).

Statistical analysis

Data were prepared in excel, analyzed with analysis of
variance (ANOVA) using SPSS 16.0 for Windows (SPSS,
Inc., Chicago, IL, USA) followed by Tukey’s post-hoc
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tests and presented as mean £ S E. P < 0.05 was considered Results
to denote significant differences between groups. Means that

share the same superscript letter are not significantly Biochemical results

different from each other (non-significant difference). Serum FSH, LH and testosterone were significantly
Means with different superscript letters are significantly decreased (P < 0.05) after eight weeks of FLX treatment
different at the chosen significance level. The alphabetical when compared with control group. Administration of
order of letters reflects the ranking of the means within each ASH in for eight weeks induced a significant (P < 0.05)
parameter: “a” typically denotes the highest significant improvement of serum FSH, LH and TS (Table 1).

value. Letters (b, c, d) denote significantly lower values.

Table 1. Effect of orally ASH (200 mg/kg b.wt) for eight weeks on some hormones: TS, LH, FSH in rats administrated orally with FLX (10 mg/kg b.wt) daily
for eight weeks.

Control FLX ASH FLX+ASH
TS (ng/ml) 4.8540.13" 1.53+0.08¢ 5.28+0.14* 4.85+0.10°
LH (mIU/ml) 9.5+0.28% 4.4+0.46" 8.8+0.27¢ 8.4+0.28
FSH (mIU/ml) 7.240.30% 4.4+0.18° 7.4+0.29¢ 6.4+0.30%

Number of rats for each group: (n = 8). All data are expressed as the Mean = SE. Data were subjected to one-way analysis of variance (ANOVA) followed by
a post hoc test (Duncan’s) at p<0.05 level. Values with different superscript letters differ significantly, while those sharing the same letter are not significantly
different.

Effects of FLX on antioxidant/oxidative status of testicular levels of MDA, NO did not significantly differ from those
tissue of the control group. On the other hand, FLX-treated rats
showed significant decrease in GSH, GST, SOD levels.
Animals administered with ASH showed a significant
elevation in GSH, GST, SOD levels (Table 2).

In FLX-treated rats, MDA, NO levels were significantly
(P < 0.05) increased compared with the control group
respectively. In ASH alone and the ASH+FLX groups. The

Table 2. Effect of orally ASH (200 mg/kg b.wt) for eight weeks on some antioxidant parameters; GSH, GST and SOD Level and oxidative stress parameters
MDA and NO. in rats administrated orally with FLX (10mg/kg b.wt. daily for eight weeks.

Control FLX ASH FLX + ASH
GSH (mmol/gm protein) 77.8£1.9% 23.5+1.3¢ 81.7£1.7° 72.6+1.4%
GST (nmol /mg protein) 8.5+0.30® 3.3+0.16° 9.1£0.36* 7.2+0.36°
SO0 (e ) 9.3£0.38" 2.274033¢ 9.4+0.54° 8.0+0.48"
MDA (nmol/gm protein) 2.35+0.22°¢ 35.9+1.7* 1.7£0.20° 5.0+0.48°
NO (umol/L) 40.1+2.06° 122+5.7% 40.8+1.8¢ 55.8+4.1°

Number of rats for each group: (n = 8). All data are expressed as the Mean + SE. Data were subjected to one-way analysis of variance (ANOVA) followed by
a post hoc test (Duncan’s) at p<0.05 level. Values with different superscript letters differ significantly, while those sharing the same letter are not significantly
different.

Semen examination semen fructose while a significant increase in abnormality
when compared with control group. Administration of
ASH induced a significant improvement of sperm motility
and count, abnormality and semen fructose (Table 3).

Administration of FLX into male rats resulted in a
significant (P < 0.05) reduction in sperm motility, count and

Table 3. Effect of orally ASH (200mg/kg b.wt). for eight weeks on semen examination (count, motility, abnormality and fructose in semen) in rats
administrated with FLX (10 mg/kg b.wt for eight weeks).

Control FLX ASH FLX + ASH
Fructose (mg/dl) 162.1£5.18* 61.75+4.4¢ 169.12+3* 161.5£3.6*
Sperm count (million/ml®) 156.1£7.9° 15.1244.2¢ 147.8+8,7° 111.25+8.4°
Motility % 85.6+2.02 20.25+2.87¢ 85+1.88% 74.6+3.12¢
Abnormal forms % 16.5£1.08% 79.3+£1.47* 12.1240.95¢ 19+1.66°

Number of rats for each group: (n = 8). All data are expressed as the Mean + SE. Data were subjected to one-way analysis of variance (ANOVA) followed by
a post hoc test (Duncan’s) at p<0.05 level. Values with different superscript letters differ significantly, while those sharing the same letter are not significantly
different.

Histopathological examination giant cell formation (Figure 1 B) loss spermatogonial cell
(Figure 1 C), while ASH group showing normal
histological structure of the seminiferous tubules (ST),
normal spermatogonial cells layers with active
spermatogenesis and active sperms in the tubular lumens
(Figure 1 D).

FLX-administrated rat showing defective spermatogenesis
in most of the seminiferous tubules with degenerative and
necrotic changes of the spermatogonial cells, as well as
nuclear pyknosis of many of them and attempts for spermatid
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Figure 1. Histological changes in testicular tissue of control, fluoxetine-administered, Ashwagandha-treated, and combined treatment groups in adult
male rats

(A) Testis of control rats showing a normal histological structure of the seminiferous tubules (ST) with active spermatogenesis (arrow); note the presence
of active sperms (dotted arrow) in the tubular lumens. (B) Testis of FLX-administered rats showing defective spermatogenesis in most of the seminiferous
tubules, with degenerative and necrotic changes in the spermatogonial cells (arrow), nuclear pyknosis (dotted arrow), and attempts at spermatid giant cell
formation (short arrow). (C) Testis of FLX-administered rats showing defective spermatogenesis in most of the seminiferous tubules, with degenerative and
necrotic changes in spermatogonial cells (arrow), loss of some cells (dotted arrow), and necrotic debris in the lumens (short arrow). (D) Testis of ASH-treated
rats showing normal histological structure of the seminiferous tubules, intact layers of spermatogonial cells (dotted arrow), active spermatogenesis (arrow),
and active sperms (short arrow) in the tubular lumens. (E) Testis of FLX-administered rats treated with Ashwagandha showing well-organized spermatogonial
cell layers (arrow) and active spermatogenesis (dotted arrow). (Hematoxylin and Eosin stain, X400) (scale bar 100um).

change of LH production, as indicated by the positive
association between testosterone and LH concentrations
observed in the present study. The physiological
significance of the LH-FSH correlation stems from its

Discussion

Fluoxetine is a selective serotonin reuptake inhibitor
widely prescribed for the treatment of neurological disorders

such as depression and anxiety [26].

In the present study, rats administrated a dosage of
10 mg/kg FLX for eight weeks showed significant
reduction in serum level of FSH, LH and testosterone
hormones compared to control group (table 1). LH
stimulates the production of testosterone by Leydig cells
[27]; thus, The reduction in testosterone correlates with

distinct effects on spermatogenesis. Gonadotrophins
help spermatogenesis at two stages: spermatogonial
maturation and spermiation. Separately, FSH maintains
pachytene spermatocytes, while LH promotes
conversion to spherical spermatids [28].

Our findings were supported by Bataineh & Daradka
2007[29] and Sakr et al. 2013 [26]. who demonstrate that
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long-term oral administration of FLX resulted in a
significant decrease in testosterone, FSH and LH levels in
adult male rats. Furthermore, Tanrikut, et al. (2010) find that
the treatment with paroxetine for 5 weeks reduced level of
serum testosterone [30]. On other hand our study contradicts
Julanov's study who demonstrat that treatment with FLX
dose 150 mg kg-1 for 28 days increase FSH , LH [31]. Also
de Oliveira et al. (2013); Gouvéa, et al. (2008) and Vieira et
al. (2013) reported that their no significance difference in
testosterone level and Leydig cells [32-34]

There is increasing evidence that the functionality of
steroidogenic tissues may be affected in conditions of
prolonged oxidative stress with ROS production. A number
of experiments with rat primary testicular Leydig cells
demonstrated that levels of steroidogenic enzymes
decreased with increasing animal age along with Ts output
in parallel with diminished levels of antioxidants [35].

Omura & Morohashi (1995) reported that ROS such as
superoxide anions and H>O, could inhibit testicular
steroidogenesis [36].

Oxidative stress is known as elevated level of ROS that
damage proteins, lipids, cell membranes, and genetic
material [37]. Lipid peroxidation, a process where ROS
primarily target membrane lipids, It is also known that
spermatozoa and testicular tissues are particularly vulnerable
to lipid peroxidation and ROS assault. The high
concentration of polyunsaturated fatty acids in sperm
membranes is thought to be the cause of testicular tissues'
susceptibility to oxidation [38].

In the present study, rats administered a dosage of 10
mg/kg FLX for 8 weeks showed a significant reduction in
GSH, SOD, and GST levels, along with a significant
increase in MDA and NO levels compared to the control
group (Table 2). The elevated MDA and NO levels,
combined with the reduction in antioxidant parameters,
indicate lipid peroxidation.

Many authors explained the mechanism by which
fluoxetine induces testicular tissue toxicity. Inkielewicz-
Stepniak (2011) showed that fluoxetine induces lipid
peroxidation leading to free-radical release, which causes
membrane disorganization and subsequent decreases in
membrane fluidity, and finally extensive tissue damage [39].

Our results agree with Sakr, et al (2015) who demonstrate
that oral administration of FLX resulted in a significant
reductions in serum GSH , SOD and a significant increase in
MDA concentrations [40]. On the contrary Erdemir et al.
(2014) reported that that SSRIs have a negative effect on
testicular tissues [41].

Spermatogenesis is a complex process in testes that forms
mature male germ cells through mitosis, meiosis, and
spermiogenesis. It is vulnerable to insults from genetics,
environment, diet, and heavy metals, with oxidative stress
affecting fertility potential and sperm dysfunction [42].

Treatment with FLX related to male infertility in the form
of poor semen quality such as decreased sperms viability and
motility [43]. The obtained data showed that FLX
administrated group showed a highly significant decrease in
seminal fructose level, and count, motility and significant
increase in abnormal forms of the sperms compared to
control group.

Our results indicate defective spermatogenesis, which is
explained by decrease in testosterone level in FLX group,

and the increase in MDA, NO.

Our data supported by Chen, et al. (2025) who
demonstrated that long-term fluoxetine administration,
exhibited significantly reduced mating and fertility
indices, decreased sperm count and motility, and
increased sperm deformities compared to the control
group [44].

Studies with Alzahrani (2012); Bataineh & Daradka
(2007) and Sakr et al. (2015) reported that treatment with
FLX lead to significance decrease in sperm count and
motility and significance increase in abnormality
[29,40,45].

Regard to significance decrease in semen fructose; the
secretion of the seminal vesicles contains fructose other
simple sugars, amino acids, ascorbic acid, and
prostaglandins. Fructose is the primary nutrient source for
sperm in the semen. Seminal vesicular secretion is
important for semen coagulation, sperm motility, stability
of sperm chromatin, and suppression of the immune
activity in the female reproductive tract [46] .

Jahromy & Moghadam (2014) recorded that sertraline
administration to adult mice induced a dose-dependent
decrease in sperm motility, count, viability and serum
level of testosterone [47].

In human a study by Kumar et al. (2006) they
demonstrated that FLX, sertraline, fluvoxamine, and
citalopram negatively influence semen parameters and
showed a spermicidal effect. In addition, long-term intake
of FLX caused a decrease in spermatogenesis, weights of
reproductive organs, and FSH levels in rats [48].

Fluoxetine damages testicular tissue causing
deformation of the seminiferous tubules, degenerated
spermatogenic cells with extensive cytoplasmic vacuoles,
and sloughing of germ cells [49].

This study show that FLX administration group causes
defective spermatogenesis in most seminiferous tubules,
characterized by degenerative and necrotic changes in
spermatogonial cells. Also, loss spermatogonial cell
nuclear pyknosis, and attempts at spermatid giant cell
formation. These findings collectively suggest that FLX
can have adverse effects on male reproductive function,
affecting spermatogenesis and steroidogenesis. Our
finding agree with Bataineh & Daradka (2007) who
reported that Long-term ingestion of fluoxetine for 60
days caused a great decrease in spermatogenesis in
seminiferous tubules of the testes [29]. The previous study
show that degeneration within a cell (through cell death
or apoptosis) could be considered an indication of cell
death [50].

W. somnifera, also known as Ashwagandha, has been
used in traditional medicine for thousands of years. ASH
has a variety of activities such as anti-stress, anti-
inflammatory, antimicrobial, anti-cancer, anti-diabetic,
anti-obesity, cardioprotective, and hypolipidemic
properties. ASH exhibits a positive effect on the
functioning of the endocrine system including
improvement the secretory function of the thyroid gland,
normalizing adrenal activity, and multidirectional
improvement on functioning of the reproductive system
[51] . In the current study, the histological alterations in
the testes caused by FLX improved in rats treated with
both FLX and ASH. Furthermore, rats administrated
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with FLX + ASH and ASH group revealed a significant
increase in LH, FSH and TS. These results are in contract
with that of Jasuja, et al. (2013) who reported that oral
administration of acephate (75 mg/kg body weight/day) for
15 and 30 days caused a significant decrease in serum
testosterone, follicle stimulating hormone (FSH) and
luteinizing hormone (LH) concentration when compared
with control group [52]. Serum testosterone, LH and FSH
concentration were increased in ASH group. The
mechanism of ASH effect on the reproductive system is not
known entirely yet, but this mechanism is proposed to be
linked to the antioxidative features and ability to improve
the hormonal balance of LH, FSH, and testosterone and
improve detoxification process [5].

Our results indicated that co-administration of ASH
caused an increase in the antioxidant enzyme, GSH, GST
and SOD while a decrease in the lipid peroxidation marker,
MDA and NO. This indicates that ASH extract reacts with
peroxyl radicals including the inhibition of LPO chain
propagation [53]. Reduced level of LPO in ASH-treated
animals is indicative of the antioxidant nature of this plant
[54]. Our results agree with Jasuja ef al. (2013) who stated
that the level of LPO was reduced whereas GSH content,
SOD and catalase activity were elevated after treatment with
ASH at the dose level of 100 mg/kg body weight/day [52].
Furthermore, in several studies investigating the effects of
ASH on semen quality in infertile males, enzymatic
antioxidant activity was determined by measuring LPO and
protein carbonyl groups in seminal plasma, which indirectly
depicts the enzymatic activity of SOD and -catalase.
Compared with pretreatment, the amount of LPO was found
to decrease after administration of ASH [55-57], which is
most likely attributed to a synergistic relationship between
the increase in the enzymatic activity of SOD and catalase
and the innate antioxidant activity of ASH. Therefore,
compounds of the ASH extract are able to donate electrons
and halt the destructive chain reaction of free radicals,
thereby lowering the overall ROS burden [58]. Therefore, it
is reasonable to conclude that ASH root extract has been
found to possess potent antioxidant activity; which is
achieved by supplementing co-factors necessary for the
proper functioning of antioxidant enzymes. This ability to
decrease ROS and oxidative stress in spermatozoa can be
attributed to two mechanisms.

Regard to semen parameter ASH-administrated group
revealed significance increase sperm count and motility
and significance decrease in abnormality. Our finding
agree with Bhargavan, et al. (2015) and Kumar et al.
(2015). They described the effects of ASH root extract on
reversal of male fertility in arsenic and alcohol-induced
testicular impairments respectively in rats. They observed
significant augmentation of sperm count and motility after
oral administration of ASH at a dose of either 100 mg/kg
for 30 days or 200 mg/kg for 28 days [59,60]. Moreover,
sperm morphological abnormality was found to be reduced
in ASH-treated rats. The roots of ASH contain alkaloids,
withanolides, flavonoids, and reducing sugars [61]. Over
20 active compounds, such as withaferin A, sitoindosides,
withanosides, choline, and beta-sitosterol, have been
identified [62]. These constituents likely contribute to
ASH effects on semen, although the specific
spermatogenic or steroidogenic roles of these compounds

remain unclear [55].
Conclusions

ASH treatment significantly protected testicular tissue
from injury caused by FLX. The biochemical and
histopathological changes were markedly improved by
the herbal extract of ASH. These protective effects of
ASH therapy may be attributed to its potent antioxidant
properties. It has the potential to be used as an adjunct
therapy to mitigate the adverse effects of FLX in patients.
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