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ABSTRACT
Article info: Background: Sertraline is prescribed mainly for the treatment of patients with depression.
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was designed to examine the ameliorative effects of curcumin on the sertraline-induced male
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reproductive toxicity.
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e Fublishe a Methods: Thirty-two male Wistar rats were randomly divided into four groups of eight each.

The first group served as the control and received only tap water orally. The second group was
given sertraline orally at 20 mg/kg. The third group received sertraline at the same dose plus an
oral dose of curcumin at 100 mg/kg. The fourth group served as a positive control, which was
given curcumin at 100 mg/kg. All treatments were given once daily over 42 consecutive days.

Results: Sertraline exerted testicular toxicity mainly by triggering oxidative stress, resulting
in adverse degenerative and atrophic alterations in the seminiferous tubules. Further, the rats’
testosterone and luteinizing hormone levels in the serum declined significantly in the sertraline
group compared to those of the controls. Curcumin combined with sertraline, mitigated
almost all of the histological abnormalities and significantly inhibited the oxidative stress by
restoring the antioxidant levels in the testicular tissue. Also, in the combined group, the serum
i testosterone level significantly increased compared to that of the controls. Lastly, curcumin
Ali Louei Monfared, PhD. ©  alone had no adverse effect on any of the examined parameters, similarly to the controls.
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Conclusion: We found that curcumin played an ameliorative role in the sertraline-mediated
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Introduction leading to improvement in the depressive symptoms [3].
Sertraline (SRT) is one of the SSRI drugs prescribed

ntidepressant medications are frequently mainly for the treatment of neurological deficits, such

prescribed in the management of patients as psychotic depression, obsessive-compulsive disorder

with depression and anxiety, both in the and anxiety [4]. Moreover, recent investigations support

short- and long-term. Currently, the most- the notion that SRT controls neoplastic conditions be-

ly prescribed drugs for depressive disor- cause of its chemotherapeutic property [5].

ders are selective serotonin reuptake inhibitors (SSRI),
as the first-line of treatment [1, 2]. Using SSRI, the con-
centration of serotonin in the synaptic cleft is increased,
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Despite its remarkable efficacy, a recent study has
shown that exposure to SRT has toxic effects on the
male germ cells, inducing a state of compensatory hy-
pogonadism [6]. Also, another study has suggested that
treatment with antidepressant drugs induces oxidative
stress. Thus, the resultant oxidative stress may alter the
antioxidant enzyme activities, causing testicular toxicity.
This can include DNA damage, abnormal sperm mor-
phology, and histopathological outcomes [7]. Further, it
is now known that many SSRI drugs, such as SRT, might
cause deficits in the testicular tissue structure and func-
tion. The structural alterations along with dysfunction
in the hypothalamic-pituitary-gonadal axis, as the endo-
crine controllers of male reproductive system, result in
the sperm loss and male infertility during juvenile and
puberty periods [8]. In addition, the male infertility has
been associated with the oxidative stress with detrimen-
tal impacts on the sperm profile and fertility rate [9].

Since male reproductive function is likely to be affect-
ed by exposure to SRT, it is crucial to investigate ap-
propriate agents that reduce its side effects. Also, since it
has been shown that SRT exerts its deleterious effects in
the testis by triggering oxidative stress [2, 7, 10], admin-
istration of antioxidant agents could potentially protect
the testicular cells against the side effects of this drug.
Curcumin (CUR), as a bioactive phytochemical in the
rhizome of turmeric plant, is used mainly as a spice for
its flavor and to add yellowish color to popular foods in
many countries. Also, CUR is considered a free-radical
scavenger and a powerful antioxidant. In recent years,
there have been numerous investigations on its poten-
tial therapeutic and prophylactic effects against various
toxicants [11, 12]. Further, CUR has been proposed to
have tissue protective effects, which alleviate the oxida-
tive stress caused by the toxicity from many compounds
in experimental animals [13, 14]. Testicular cells are the
most susceptible to oxidative damage [15], due to their
high cell division rate, mitochondrial oxygen consump-
tion, and containing a high level of polyunsaturated
fatty acids in their cell membranes. In addition, oxida-
tive stress has been linked to the pathophysiology of im-
paired spermatogenesis and increased sperm cell apopto-
sis, secondary to disruption in the cell cycle [16].

Aim of the study: Given the above facts, the aim of
the present study was to assess the impacts of rat’s ex-
posure to SRT on the testicular structure and function of
the putative oxidative stress induction, and to investigate
whether these effects may be ameliorated by treatment
with curcumin.
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Materials and Methods

Study approval & materials: This study was carried out
based on the University’s guidelines on the care and use of
laboratory animals. Also, the study protocol was reviewed
and approved by the institutional Ethics Committee at [lam
University of Medical Sciences (ID Number: IR.ILAM.
REC.1400.012). In this study, Sertraline hydrochloride
with a chemical formula of C,_H,,C,N, was obtained from
Sigma-Aldrich Company (USA). Also, curcumin at 99%
purity was purchased from the same supplier. Sertraline and
curcumin were dissolved in distilled water and olive oil, re-

spectively, prior to the intended application.

Animals and treatments: Thirty-two male Wistar rats,
approximately 7-8 weeks old and weighing 200-215g each,
were purchased from the laboratory animal center of the
Para-veterinary Medicine College of Ilam University. The
animals were maintained under a 12 hours of light-dark
cycle at 21+4°C temperature and humidity of 48%+7%.
They had free access to tap water and food ad libitum. After
14 days of acclimatization, the rats were randomly divided
into four groups of eight animals each described as follows:
a) Control, b) Sertraline (SRT), c) Sertraline plus curcum-
in (SRT+CUR), and d) curcumin (CUR). The first group
served as the control and received tap water orally. The sec-
ond group was given SRT at 20 mg/kg. The third group was
concurrently given SRT (20 mg/kg) and CUR (100 mg/kg)
orally. The fourth group served as a positive control and
administrated only CUR (100 mg/kg). All treatments were
once given daily over a period of 42 consecutive days. The
doses of SRT and CUR were selected based on the available
references for laboratory animals [7, 17, 18].

Tissue preparation & histological examinations:
Twenty-four hours after the last treatment in each group,
the rats were euthanized under anesthesia, using 50 mg/
kg Ketamine and 5 mg/kg Xylazine. Next, the testicles
from each animal were dissected, weighed and main-
tained in Bouin’s fixative solution for 48 hours. The tis-
sue specimens were then dehydrated in ethanol, cleared
in Xylene, and embedded in paraffin wax, and then five
micron sections were made on a microtome. The samples
were stained by hematoxylin and eosin (H&E) method
and examined under a light microscope (Olympus, Ja-
pan) for signs of histological alterations. For the quantifi-
cation of the structural changes, the epithelial height and
diameter of the seminiferous tubules were measured, us-
ing a True Chrom Metrics software (China). For each
rat, 100 seminiferous tubules were analyzed [19, 20]. In
addition, the numbers of Leydig and Sertoli cells were
counted based on the method proposed by two earlier
studies [21, 22].
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Assessment of antioxidant enzymes activity: To
evaluate the oxidative stress, first, a homogenate of the
testicular tissue sample was prepared in 50 mmol/L
phosphate buffer. Then, it was centrifuged at 3000xg
at 4°C for 15 min. Subsequently, the levels of catalase
(CAT), glutathione peroxidase (GPx), malondialde-
hyde (MDA) and superoxide dismutase (SOD) were
determined in the supernatant by an established method
[23], using appropriate kits purchased from Nanjing Ji-
ancheng Bioengineering Institute (China).

Assessment of reproductive hormones: For sex hor-
mones analysis, the blood specimens were collected
from the right ventricle of the rats” heart. Next, the blood
samples were centrifuged at 1000xg and 4°C for 15 min,
and the sera were separated. The levels of serum lutein-
izing hormone (LH) and testosterone were determined
using ELISA commercially available kits, based on the
supplier’s instructions (Monobind, USA).

Statistical analyses: The resultant data from this study
were analyzed for the statistical significances, using SPSS
software, version 22, and one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test to compare
the means among the experimental groups. The mean dif-
ferences were considered significant at a P<0.05.

January 2023, Volume 17, Number 1

Results

Histological & histo-morphometrical evaluations:
Histological sections from the testes of all groups are
shown in Figures 1 and 2. The examination of semi-
niferous tubules and spermatid cells from the control
group showed uniform and normal tissue architecture.
The testicular tissue from the SRT group showed abnor-
mal changes, including tubular degeneration and atro-
phy, exfoliation of the germ cells, and interstitial edema
(Figures 1 & 2). Also, there were wide gaps among the
neighboring spermatogenic cells. Interstitial conges-
tions were also observed in the testicular tissue samples
from the SRT group.

The histological abnormalities were reversed in the
SRT+CUR group, compared to those observed in the
SRT alone group, although there were slight dilations
in the interstitial spaces of the testes in this group. Also,
the SRT group showed a statistically significant reduc-
tion in the epithelial cells” height and tubular diameter,
compared to those of the control group (P<0.05, Figures
3A & 3B). Otherwise, the treatment with CUR alone in-
creased the epithelial cell height and tubular diameter
of testes insignificantly, compared to those observed in
the SRT group. Moreover, the SRT treatment signifi-

Figure 1. Photomicrographs of sections from seminiferous tubules

A) Control; B) Sertraline treated animals; showingmarked tubular degeneration and atrophy, decreased of the both epithelial
height and tubular diameter. Also, wide gaps between neighboring spermatogenic cells (thin arrow), exfoliated germ cells
(thick arrow) and interstitial edema (asterisk) are clear; C) Sertraline+curcumin rats: Exhibiting normal epithelial height and
tubular diameter, there are yet slight dilation (thin arrow) of interstitial space; D) Curcumin-treated group: Exhibiting typical

features of epithelial height and tubular diameter.
Magnification x100; H&E staining.
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Figure 2. Photomicrograph of sections from seminiferous tubules
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A) Control; B) Sertraline-treated rats: Showing testicular tubules contain exfoliated germ cells (thin arrow) with wide gaps (¥)
among spermatogenic cells as well as congestion of capillaries of interstitial space (thick arrow); C) Sertraline+curcumin group:
Showing filled lumen contain compact seminiferous tubules with normal interstitial space; D) Curcumin-treated group: Show-
ing tubules with filled lumen and normal leydig cells apperance in the interstitial space.

Magnification x400; H&E staining.

cantly decreased the number of Leydig and Sertoli cells,
compared to both the controls and SRT+CUR groups
(P<0.05; Figures 1-3).

Also, the rats treated with CUR alone showed normal
histology of the germinal cells in the testes (Figures 1-3).
In the SRT+CUR group, the curcumin treatment remark-
ably reversed the reduction in the number of Leydig and
Sertoli cells compared to those observed in the SRT
group (P<0.05). The SRT exposure yielded a significant
reduction in the testicular weight, compared to those
of the controls (P<0.05; Figure 3A). In the SRT+CUR
group, curcumin significantly prevented the decline in
the testicular weights compared to those in the SRT
group. The animals treated with CUR alone exhibited
no significant differences in the testicular weights com-
pared to those of the control group (P<0.05; Figure 3A).

Determination of testicular oxidative stress: The
rats treated with SRT showed significant alterations in
the antioxidant defense parameters compared to those of
the control group. The testicular levels of MDA in the
SRT-treated rats were significantly higher than those in
the control group (P<0.05). However, in the SRT+CUR
group, the CUR presence significantly decreased the
testicular MDA levels (P<0.05; Figure 4). However,

CUR alone had no statistically significant effect on the
testicular MDA level, compared to those of the control
group (P<0.05; Figure 4). Compared to rats in the con-
trol group, the activities of CAT, GPx and SOD signifi-
cantly decreased due to exposure to SRT (P<0.05; Figure
4). However, in the SRT+CUR group, the CUR presence
significantly increased the testicular levels of CAT and
GPx, compared to those treated with SRT alone (P<0.05;
Figure 4). Although the SOD levels increased in the
SRT+CUR group, it was not significant compared to
that observed in the rats treated with SRT alone. The rats
treated with CUR alone showed a significant rise in the
CAT, GPx and SOD activities compared to those found
for the SRT group (P<0.05; Figure 4).

Evaluation of serum reproductive hormones: The
hormonal analysis illustrated significant reductions in
the serum level of LH in the rats exposed to SRT com-
pared to those of the control group (Figure 5). Although
the LH level increased in the SRT+CUR group, it was
not significant compared to that in the rats in SRT, con-
trol and CUR groups. Also, the level of LH in the rats
treated with CUR only was not significantly different
from those of the control group (Figure 5). The mean
serum level of testosterone was significantly lower in
the SRT group than that of the control group. Also, the
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Figure 3. Levels of testicular weight (A) and histomorphometric indices (B-E) in rats exposed to sertralineand curcumin. Data

are presented as MeansSD.

*Significant change compared to the control rats; *Significant change compared to the sertraline-treated rats. Means without
symbles do not differ significantly. *3RF: Three randomly selected choicesof microscopic fields, “5RF: Five randomly selected

choicesof microscopic fields.

CURHSRT treatment resulted in a significant increase
in the testosterone level compared to the rats treated
with SRT alone (P<0.05; Figure 5). The rats treated
with CUR alone showed a significant rise in the serum
testosterone level compared to that of the SRT group
(P<0.05; Figure 5).

Discussion

Sertraline, one of the SSRIs, is prescribed mainly for
the treatment of depression in humans. However in re-
cent years, several studies have shown that SSRI drugs
lead to testicular impairment and sexual dysfunction, al-
though the precise underlying mechanisms are not fully
understood [2, 7]. Therefore, we planned the present
study to investigate the potential mechanism involved
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Abbreviations: CAT: Catalase; GPx: Glutathione peroxidase; MDA: Malondialdehyde; SOD: Superoxide dismutase.

*Significant changescompared to the control rats; *Significant change compared to the sertraline administrated rats. Means
without symbles do not differ significantly.

in the SRT toxicity and the ameliorative role of CUR ous study [2]. Based on the majority of the effects found,

against the testicular toxicity. the lowest observed adverse effect level (LOAEL) for

SRT was 20 mg/kg/day over 42 consecutive days. Fur-

Histological findings: Based on our microscopic re-  ther, CUR was shown to have ameliorative effect against
sults, the SRT treatment in the rats caused structural dam- the SRT-mediated testicular toxicity.

ages to the testes, consistent with the results of a previ-
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Figure 5. Serum levels of luteinizing hormone (A), and testosterone (B) in the rats exposed to sertraline and curcumin. Data
are presented as MeantSD.

*Significant changescompared to the control rats. *Significant changescompared to the sertraline-administrated rats. Means
without symbles do not differ significantly.

LH: Luteinizing hormone.
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Organ weight loss: In the current study, the testicular
toxicity of SRT was characterized by a significant de-
cline in the weight of testes, compared to those found for
the control rats. Consistent with our results, it has been
shown earlier that treating male rats with antidepressant
drugs, such as Fluoxetine significantly reduces testicu-
lar tissue weight in experimental animals [24]. Since the
testes weight is mainly related to changes in the number
of germinal cells in the tissue, therefore, the significant
weight loss after SRT treatment may be attributed to the
resultant testicular hypocellularity and a decline in sper-
matogenesis [24]. In addition, the significant testicular
weight loss is consistent with the degenerative histologi-
cal observations made in our current study. Conversely,
the presence of curcumin considerably reduced the tes-
ticular tissue weight loss in the SRT+CUR group com-
pared to those found in the SRT group. Interestingly, a
similar observation has been made by an earlier research,
using Fluoxetine in rats [21].

Changes in antioxidant enzymes: In this study, it was
found that SRT treatment caused a significant increase
in the MDA levels despite the reduction in the levels of
CAT, GPx and SOD enzymes. These findings indicate
that oxidative stress phenomenon may be involved in
SRT-mediated testicular toxicity, which is consistent
with those reported by a former study [7]. That study
found that the SRT-induced testicular toxicity is medi-
ated by a rise in the generation of reactive oxygen spe-
cies (ROS) with a decline in the glutathione levels [7].
However, another earlier study has reported that SSRI
treatment does not lead to a significant alteration in the
MDA level [2].

It has been speculated that the reduced levels of an-
tioxidant enzymes in the testicular tissue might lead to
a rise in the ROS, which is characterized by a signifi-
cant increase in the biomarkers of lipids peroxidation.
Therefore, as shown in the present study, the remarkable
testicular damages found in the SRT group might be as-
sociated with the ROS attack against the plasma mem-
branes of spermatid cells, thus leading to disruptions in
the testosterone synthesis [2, 7]. Oxidative stress gen-
erally occurs due to an imbalance between ROS level
and antioxidant contents of the involved cells, running
in favor of ROS generation. Therefore, ROS may exert
deteriorative effects in the testicular tissue and promote
inflammatory processes [25]. Our results clearly demon-
strate a significant decline in the MDA levels with a rise
in the testicular levels of CAT and GPx enzymes. Thus,
the protective effect of CUR against the SRT toxicity in
the testes was confirmed by our findings from the oxida-
tive stress assays. In this context, CUR has been sug-
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gested as an effective additive in foods to protect against
the detrimental effects of such toxins as aflatoxin B,
[17]. Also, CUR has been known to protect cells against
the adverse effects of cadmium on the lipid and protein
peroxidation [14].

Effects on sex hormones: In the present study, the
protective effects of CUR against SRT toxicity on the
testicular tissue were mainly due to its antioxidant fea-
tures. For instance, the significant reductions in the lev-
els of LH and testosterone in the SRT treated rats were
consistent with the observed histological impairments,
characterized by a significant decline in the number of
germ cells. These results support a previous study on
SRT-induced testicular toxicity, in which human subjects
were examined at varying ages, from juvenile to puberty
[8]. Also, an earlier study has suggested that SRT sup-
presses the synthesis of LH [26]. Since LH influences
the testosterone synthesis in the Leydig cells, it is reason-
able to assume that the significant decline in the serum
testosterone level is likely due to exposure to SRT.

Putative mechanism of action of curcumin: It has
been demonstrated that SRT elevates the serotonin lev-
els in the central nervous system (CNS) [26]. Therefore,
the elevation of extracellular serotonin can suppress the
biosynthesis of GnRH, and subsequently reduce the go-
nadotropins biosynthesis [8]. In addition to promoting
oxidative stress, another mechanism involved in SRT-
induced testicular toxicity might be associated with the
disruption of serotonin-mediated hypothalamic-pituitary
axis (HPA). In contrast to our findings, a rise in the se-
rum LH level has been reported likely due to the nega-
tive feedback from the decreased sex steroids synthesis
in the SRT-treated rats [6].

Another mechanism of action for the SSRI-induced tes-
ticular toxicity [2] is elevated serotonin level in the syn-
aptic clefts by inhibiting the serotonin reuptake pumps.
Excess serotonin can lead to sperm dysfunction, worsen
semen parameters and affect the fertility in animals and
humans [2]. A former study has reported another putative
mechanism, by which SRT inhibits the transcription of
special genes that regulate and metabolize steroids, lead-
ing to hypogonadism [6]. Conversely, in the rats treated
with CUR alone or combined with SRT, the mean serum
testosterone and LH levels were higher than those in the
SRT group. These results indicate that CUR may have
a stimulatory role in activating androgenic enzymes,
which promote testosterone biosynthesis. In addition,
the compensatory effect of CUR on the morphology and
the number of various testicular cells may be due to its
proliferative potential as suggested previously [27].
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In support of the current study, the protective effect of
CUR against testicular toxicity by Fluoxetine has been
reported by a former study [27]. The authors of that
study proposed that CUR had anti-apoptotic and anti-
fibrotic effects [27]. Similarly, supplementation with
natural antioxidants, such as wheat germ oil has been
shown to prevent the testicular tissue damages caused by
Sertraline in rats, likely via inhibiting ROS generation
[10]. Considering our experimental results and the facts
learned from our literature review, CUR is likely to offer
an ameliorative role against SRT-mediated testicular tox-
icity in rats via its well-known anti-oxidative properties.

Conclusion

Based on our findings, SRT treatment caused signifi-
cant impairments in both the structural and functional in-
tegrities of the rats’ testes, which might have affected the
reproductive functions. However, these adverse effects
could be attenuated by CUR treatment since it boosts
the activities of antioxidant defense system. Therefore,
natural dietary antioxidants, such as CUR, may protect
testicular cells against oxidative stress induced by SRT.

Limitation of the study: The major limitation of this
study was the lack of access to an electron microscope
and the laboratory to evaluate the fine ultrastructural al-
terations in the rats’ testicular tissue samples.

Recommendation for future studies: Further studies,
such as electron microscopic examinations of testicular
tissue and identifying potential genes involved in the
ameliorative effect of CUR against SRT toxicity, are
highly recommended.

Ethical Considerations

This study was carried out in accordance with the Uni-
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REC.1400.012).
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