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Abstract

Introduction: Antidepressants are commonly used in the treatment of depression and several other mental health disorders. Since antidepressants are 
known to cause a variety of side effects, their adverse effects on reproductive health are a matter of great concern because of the raising trend of infertility 
in current scenario. 

Aim: The present study has therefore been conducted to evaluate the effects of fluoxetine, an antidepressant, on the reproductive health of the normal 
and depressed mice by evaluating its adverse effects on the testis. 

Methods: Twenty-four adult male mice of Swiss strain were distributed into four groups of six each (n=6). Group I served as control while groups II, III, and 
IV received reserpine (RES: 0.75mg/kg/BW/day) for 14 days, fluoxetine (FLX: 40mg/kg/BW/day) only for 28 days, and reserpine+fluoxetine (RES treatment 
for 14 days followed by FLX treatment for 28 days), respectively. 

Results: RES as well as FLX exposure did not cause any alteration in the testicular weight, histopathology, daily sperm production, germ cells apoptosis, 
oxidative stress, activities of steroidogenic enzymes, and the levels of serum cholesterol, testosterone, estradiol, and prolactin except that of the plasma 
corticosterone which was increased significantly only in RES-exposed mice, compared with the control. By contrast, RES+FLX treatment resulted in marked 
regressive histopathological alterations in the testis indicated by thickened tunica propria, and vacuolized germ cells in the disorganized seminiferous tubules. 
Leydig cells also appeared diffused. Moreover, significant reductions were noticed in daily sperm production, the activities of steroidogenic enzymes, levels of 
serum testosterone, estradiol and plasma corticosterone while significant increase was noted in the levels of serum cholesterol and prolactin. Mice of this group 
also showed significant increase in the activity of superoxide dismutase and level of lipid peroxidation, while significant decrease in the activities of catalase, 
glutathione peroxidase, and the level of nitrate, compared with the control and RES-exposed mice. Further, the percentage of necrotic, early, and late apoptotic 
germ cells was significantly increased while that of live cells decreased significantly in the testis of such mice, compared with the control and RES-exposed mice.

Conclusion: The findings of the present study therefore, indicate the spermatogenic inhibition only in RES+FLX- treated mice by causing oxidative stress, 
as a result of an enhanced apoptotic activity, alterations in the levels of cholesterol, and the measured hormones.
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Serotonin Inhibitors; TCAs: Tricyclic Antidepressants

INTRODUCTION 

Depression is a common, worldwide mental health problem 
and recurring mood disorder that manifests as loss of interest or 
enjoyment, feelings of guilt or low self-worth, interrupted sleep or 

eating, lack of energy, and difficulty in concentrating. Depression 
results in several health issues related to gastrointestinal 
problems, cancer, diabetes, cardiovascular, and respiratory 
diseases [1,2]. Hence to overcome the effects of depression, 
various antidepressants are being prescribed by physicians. 
The major classes of antidepressants include selective serotonin 
reuptake inhibitors (SSRIs), serotonin-noradrenaline reuptake 
inhibitors (SNRIs), norepinephrine and dopamine reuptake 
inhibitors (NDRIs), monoamine oxidase inhibitors (MAOIs), 
tricyclic antidepressants (TCAs), and atypical antidepressants 
[3]. These are one of the most commonly used therapeutic drug 
classes in the world, prescribed for the treatment of mental 
health disorders like anxiety, panic, bulimia nervosa, post-
traumatic stress, and obsessive compulsion. However, such 
drugs are known to exert side effects on various physiological 
systems including the cardiovascular system [4], central nervous 
system [5], digestive system [6], and reproductive system [7]. 
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The adverse effects of antidepressants on the reproductive 
system have become a matter of great concern in current 
scenario because of the raising trend of the infertility problem. 
Antidepressants have been reported to cause several sexual 
dysfunctions through multiple mechanisms like sedation, 
hyperprolactinemia, antagonistic effects of α- adrenergic, 
dopaminergic, and several other receptors [8]. Among all the 
mechanisms, hyperprolactinemia induced by antidepressants is 
reported to be a common clinical disorder that may lead to 40% 
of sexual dysfunctions causing infertility [9].

Majority of the available studies are focused on selective 
serotonin reuptake inhibitors (SSRIs) such as citalopram, 
escitalopram, paroxetine, sertraline, and fluoxetine which have 
shown negative impacts on the reproduction [10,11]. These 
inhibitors cause reproductive toxicity by exerting oxidative 
stress and interfere in the apoptotic activity [12,13]. Among 
them, fluoxetine, a common SSRI, is considered as the first-line 
antidepressant, widely  used for the treatment of neurological 
disorders such as depression and anxiety. Chemically, fluoxetine 
is N-methyl-3-phenyl-3-[4-(trifluoromethyl) phenoxy] propan-
1-amine, and is considered to be a successful drug for the 
treatment of mental illness, based on its favourable safety and 
efficacy ratio [14]. However, this drug has been reported to 
cause several complications like bleeding [15], lung damage [16], 
hepatotoxicity [17], nephrotoxicity [18], and cardiotoxicity [19]. 

The effects of fluoxetine on the male reproduction have 
also been examined. Fluoxetine treatment in rat causes 
significant decrease in the body and testicular weight, activities 
of antioxidant enzymes, level of serum testosterone, while 
significant increase in lipid peroxidation in the organ [20,21]. 
However, other authors [22,23] have reported no alterations in 
the weight and histopathology of the testis, and in the level of 
serum testosterone.

Short and long-term treatments with fluoxetine in the chronic 
mild stress-induced depressed rat cause marked changes in the 
histopathology of the testis, oxidative stress, levels of serum 
testosterone, and corticosterone [24,25]. Further, various doses 
of fluoxetine cause significant alterations in the activities of 
antioxidant enzymes in the anxiety/depressed rat [26], and a 
dose-dependent decrease in the daily sperm production [27]. 

All the above-mentioned reports have indicated the 
contradictory findings regarding fluoxetine-induced testicular 
alterations in the normal condition while same treatment in 
depressed condition have reported adverse effects on the organ. 
The present study has therefore, been carried out to reinvestigate 
the possible repercussions of fluoxetine (FLX) on the testis of the 
normal as well as the depressed mice.

MATERIALS AND METHODS

Animals model

Adult male mice (8-10 weeks old) of Swiss strain, weighing 
22-24 gm were purchased from Central Animal House, Institute 

of Medical Science, Banaras Hindu University, Varanasi for the 
experimental studies. Mice were maintained in polypropylene 
cages, with rice husk as the bedding material under 12 h light 
and 12 h dark cycle at controlled temperature (25±2 °C), and fed 
on pelleted food and water ad libitum. The experimental protocol 
was approved by the Animal Ethical Committee, Department of 
Zoology, Institute of Science, Banaras Hindu University, Varanasi, 
India (BHU/DOZ/IAEC/2021-2022/029, February 15, 2022) for 
the use of laboratory animals.

Test compound

Reserpine (C33H40N2O9) was purchased from Otto Chemie 
Pvt. Ltd. Chemika – Biochemika - Reagent Chemical Company, 
Mumbai, India. Fluoxetine (FLX) was obtained as capsules 
from Intas Pharmaceutical Pvt. Ltd. Gujrat, India. Each capsule 
contained 40 mg of fluoxetine hydrochloride. 

Experimental design and dosage

Twenty-four adult male mice were distributed into four 
groups of six each (n=6). Group I served as control while groups 
II, III, and IV received reserpine (RES: 0.75mg/kg/BW/day for 
14 days), fluoxetine only (FLX: 40mg/kg/BW/day, for 28 days) 
and reserpine+fluoxetine (RES treatment for 14 days followed by 
FLX treatment for 28 days), respectively. All the treatments were 
given through the oral route. The control (Group I) received corn 
oil only, by the same route. 

Animal sacrifice and collection of the blood and testes 

After recording the final body weights, mice were sacrificed 
by cervical dislocation. Blood samples were collected for the 
measurement of the levels of cholesterol and hormones. The 
testes of both sides were removed for conducting the following 
studies:

Testis weight

The gonadosomatic index was calculated by measuring the 
wet weights of the testes, by using the following formula:

Gonado-somatic Index (GSI)= (Gonad weight/Final body 
weight) ×100

Histopathological studies

The testes were dehydrated in a graded series of alcohol, 
cleared in xylene, and embedded in paraffin wax. Sections of 5 μm 
thickness were obtained by using an ultramicrotome, dehydrated 
in graded series of alcohol, stained with Periodic Acid Schiff (PAS) 
reagent, and then counterstained with Ehrlich’s Haematoxylin.

Daily sperm production

To evaluate the effect of FLX treatment on daily sperm 
production in the testis, elongated spermatids (steps 14-16 
spermatids) resistant to sonication, were counted according to the 
method of Meistrich and van Beek [28]. Developing spermatids 
spend 4.84 days in steps 14-16 during spermatogenesis in the 
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mice. Therefore, the number of steps 14-16 spermatids was 
divided by 4.84 to determine the daily sperm production [29].

Steroidogenic enzymes assay

Activities of testicular 3ꞵ-hydroxysteroid dehydrogenase 
(3ꞵ-HSD) and 17ꞵ-hydroxysteroid dehydrogenase (17ꞵ-HSD) 
were assessed spectrophotometrically by using the modified 
method of Mishra and Singh [30]. 

Testicular antioxidant enzymes

10% (w/v) testis homogenate was prepared in 50.0 mM of 
phosphate buffer (pH 7.0) and centrifuged at 12000 rpm for 
15 minutes [31]. The supernatant was collected to measure the 
antioxidant enzymes after estimating the protein content by the 
method of Lowry [32] using bovine serum albumin as a standard. 
Superoxide dismutase (SOD) was measured by the method of 
[33] whereas the methods of Aebi [34] and Flohe and Gunzler 
[35] were used to determine the activities of catalase (CAT) and 
glutathione peroxidase (GPx), respectively.

Estimation of lipid peroxidation 

The level of lipid peroxidation (LPO) was measured by the 
method of Okhawa [36] via malonaldehyde (MDA) level in the 
supernatant.

Estimation of nitrate

The level of nitrate was measured in the supernatant by the 
established protocol of Miranda [37].

Flow cytometry analysis of germ cells apoptosis 

Apoptotic activity in the testicular germ cells was determined 
by flow cytometry using a highly sensitive and specific 
Annexin V-FITC/ PI apoptosis kit (Elabscience, Wuhan, China).  
Briefly, the testis was rinsed and homogenized in phosphate 
buffer saline (PBS, pH-7.4), and centrifuged at 1000 rpm for 
5 minutes. Later, 1.0 ml FACS buffer was added and again 
centrifuged at 1000 rpm for 5 minutes at 4oC thrice. The 
supernatant was discarded, and 200 μl of 1X annexin buffer was 
added to the pellet and centrifuged at 1000 rpm for 5 minutes at 
4 0C. The annexin buffer was then removed and 200 μl PBS was 
added. Further, 2.0 μl of annexin FITC reagent and 2.0 μl of PI 
(Propidium Iodide) were added to the samples, and the apoptotic 
activity was analyzed in a flow cytometer, CytoFLEX LX (Beckman 
Coulter, Brea, California). The data were analyzed by using Cyt-
expert. ink software. For each assay, 10,000 events in list mode 
data files were recorded. Hardware fluorescence compensation 
was used to obtain separate subpopulations. For each file, events 
positive for FITC were gated using cyt-expert ink software in a PC 
running Windows XP, then the percentage of events gated was 
recorded. 

Estimation of cholesterol

The level of cholesterol was estimated in the blood serum by 
using the diagnostic kit (ARKRAY Healthcare Pvt. Ltd).

Hormones estimation

Blood samples were obtained by micro-capillary glass tubes 
from the retro-orbital venous plexuses and serum was separated 
by centrifugation (2500 rpm, 20 min, 4 oC) for measuring the 
levels of the following hormones:

Testosterone: The level of testosterone in serum was 
determined by using a highly sensitive and specific commercial 
ELISA kit (DiaMetra, Segrate, Italy), as per the manufacturer’s 
instructions. The sensitivity of the assay for testosterone was 
0.10 ng/ml with intra- and inter-assay coefficients of variance 
being 7.0% and 8.3%, respectively.

Estradiol: The level of estradiol in serum was measured 
by using a highly sensitive and specific commercial ELISA kit 
(DiaMetra, Segrate, Italy), as per the manufacturer’s instructions. 
The sensitivity of the assay for estradiol was 8.68 pg/ml. All the 
samples were quantified in a single assay with intra- and inter-
assay coefficients of variance, being 9% and 10%, respectively.

Prolactin: The level of prolactin in the serum was determined 
by using a highly sensitive and specific commercial ELISA kit 
(DiaMetra, Segrate, Italy), as per the manufacturer’s instructions. 
The sensitivity of the assay for prolactin was 1.88ng/ml. All the 
samples were quantified in a single assay with intra- and inter-
assay coefficients of variance, being 4.7% and 5.13%, respectively.

Corticosterone: For estimating the level of corticosterone, 
plasma was separated using a cooling centrifuge at 2500 rpm, 
for 10 minutes at 40C. Corticosterone level was measured 
spectrophotometrically by adopting the method of Bartos and 
Pesez [38].

Statistical analyses

All the data were analyzed statistically by Student’s T-test and 
one-way ANOVA followed by Post hoc Dunnett’s test. Analyses 
were performed by SPSS software version 17 (IBM, USA). Values 
were considered significant at P<0.05.

RESULTS

Body weight

Body weights were significantly decreased in the RES-
exposed mice whereas no significant alterations were observed 
in the body weights of the FLX- and RES+FLX-treated mice, 
compared with the control (Figure 1).

Testis weight

Testis weight was not significantly altered in the mice 
administered with RES and FLX, compared with the control. 
However, in mice treated with RES+FLX, the testicular weight 
decreased significantly, compared with the control and RES-
exposed mice (Figure 2). 

Histopathology of the testis

RES and FLX treatment did not cause any alteration in the 
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histopathology of the testis (Figure 3B, 3B1), compared with the 
control (Figure 3A, 3A1). However, RES+FLX treatment resulted 
in marked histopathological alterations in the seminiferous 
tubules in the testis, indicated by disorganized and shrunken 
seminiferous tubules, thickening of the tunica propria, and 
vacuolization of germ cells (Figure 3C, 3C1). Leydig cells also 
appeared diffused in the testes of such mice.

Daily sperm production

In comparison to the control, testicular daily sperm 
production was not significantly altered in mice administered 
with RES and FLX. However, a significant decrease was noticed 
in daily sperm production of the mice treated with RES+FLX, 
compared with the control and RES-exposed mice (Figure 4). 

Steroidogenic enzymes assay

Activities of testicular 3β-HSD and 17β-HSD enzymes 
remained unaltered in mice administered with RES and FLX, 
while significantly decreased in the RES+FLX-treated mice, 
compared with the control and RES-exposed mice (Figure 5).

Estimations of cholesterol and hormones 

No significant alterations were noticed in the levels of 
serum cholesterol, testosterone, estradiol and prolactin in RES 
and FLX-treated mice, compared with the control. By contrast, 
administration of RES+FLX caused significant increase in the 
levels of cholesterol and prolactin and significant decrease in the 
levels of testosterone and estradiol, compared with the control 
and RES-exposed mice (Figure 6). A significant increase was 
noticed in the level of plasma corticosterone in RES-exposed 
mice while remained unaltered in FLX-treated mice, compared 
with the control. However, administration of RES+FLX reduced 
the level of corticosterone significantly, compared with the RES-
exposed mice (Figure 6). 

Testicular oxidative stress

Antioxidant enzymes: No significant alterations were 
noticed in the activities of SOD, CAT, and GPx, following RES 
and FLX administrations, compared with the control. However, 
significantly increased activity of SOD, and significantly decreased 
activities of CAT, and GPx were noted in the mice administered 
with RES+FLX, compared with the control and RES-exposed mice 
(Figure 7).

Levels of LPO and nitrate: The levels of LPO and nitrate 
remained unaltered following RES and FLX administrations, 
compared with the control. However, RES+FLX administration 
increased the LPO level, indicated by a significant increase in 
the level of MDA, and significant decrease in the level of nitrate, 
compared with the control and RES-exposed mice (Figure 8). 

Flow cytometry analysis of germ cells apoptosis 

The RES and FLX-treated mice did not affect the percentage 
of live, necrotic, early, and late apoptotic germ cells in the testis, 
compared with the control. However, in RES+FLX-treated 
mice, the percentage of necrotic, early, and late apoptotic cells 
was significantly increased while that of live cells decreased 
significantly, compared with the control and RES-exposed mice 
(Figure 9, Table 1).

DISCUSSION

Male patients treated with fluoxetine (FLX) have reported 
experiencing sexual dysfunction [39,40], however, the target 
of this antidepressant on the male reproductive system is 
yet unknown [10]. Therefore, the present study is focused to 
evaluate the FLX-induced alterations in the testis of the normal 
and depressed mice by assessing its weight, histopathology, daily 
sperm production, oxidative stress, activities of the steroidogenic 
enzymes, apoptosis, and the levels of serum cholesterol, steroid 
hormones, and prolactin. 

Figure 1 Effects of oral administration of RES, FLX and RES+FLX on the body weights. Values represent the mean± SEM of six animals. ** indicate 
significant difference from control group at p < 0.05. *** indicate significant difference from RES-exposed group at p < 0.05.
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Figure 2 Effects of oral administration of RES, FLX and RES+FLX on the testis weight. Values represent the mean± SEM of six animals. * indicates 
significant difference from control and RES-exposed groups at p < 0.05.

Figure 3 (A to D; 20X, A1 to D1; 40X). T.S. of the testis of control (A, A1), RES-exposed (B, B1) and FLX-treated (C, C1) mice, showing normal 
histopathology. T.S. of the testis of RES+FLX-treated (D D1) mouse, showing disorganized and shrunken seminiferous tubules, thickening of the 
tunica propria, vacuolization of the germ cells (red arrows) and diffused Leydig cells (yellow arrows).

Figure 4 Effects of oral administration of RES, FLX and RES+FLX on the daily sperm production. Values represent the mean± SEM of six animals. 
*indicates significant difference from control and RES-exposed groups at p < 0.05.
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Figure 5 Effects of oral administration of RES, FLX and RES+FLX on the activities of 3β-HSD and 17β-HSD in the testes. Values represent the 
mean± SEM of six animals. * indicates significant difference from control and RES-exposed groups at p < 0.05.

Figure 6 Effects of oral administration of RES, FLX and RES+FLX on the levels of serum cholesterol (A), testosterone (B), estradiol (C), plasma 
corticosterone (D), and prolactin (E). Values represent the mean± SEM of six animals. * indicates significant difference from control and RES-
exposed groups at p < 0.05. ** indicate significant difference from control group at p < 0.05. *** indicate significant difference from RES-exposed 
group at p < 0.05.
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Figure 7 Effects of oral administration of RES, FLX and RES+FLX on the activities of SOD (A), CAT (B), and GPx (C) in the testes. Values represent 
the mean± SEM of six animals. * indicates significant difference from control and RES-exposed groups at p < 0.05.

Figure 8 Effects of oral administration of RES, FLX and RES+FLX on the levels of LPO (A) and nitrate (B) in the testes. Values represent the mean± 
SEM of six animals. * indicates significant difference from control and RES-exposed groups at p < 0.05.

Table 1: Percentage of live, apoptotic and necrotic cells

Quadrant Stages Control RES FLX RES+FLX

Q1 ( UL ) Necrotic 
( An- / PI + ) 7.91% 9.60% 5.53% 11.49%

Q2 ( UR ) Late apoptotic 
( An + / PI + ) 1.10% 1.16% 1.69% 40.62%

Q3 ( LL ) Live cells 
( An- / PI- ) 86.65% 88.76% 86.05% 26.78%

Q4 ( LR ) Early apoptotic 
( An + / PI- ) 4.33% 0.49% 6.74% 21.11%
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In the present study, significantly unaltered measured 
parameters indicate that FLX treatment in the normal mice does 
not cause adverse effects on the testis. Previous findings have 
also reported same results in the rat [22,23].

Significantly reduced body weights of the RES-exposed 
mice whereas no significant alterations in the body weights 
of the RES+FLX-treated mice, is consistent with the findings 
of previous authors reported in mice [41]. Reduction in food 
intake during depression is a contributing factor in decreased 
body weight [42]. According to Garattini et al. [43], there are 
several pharmacological agents which antagonize the action 
of 5HT at post-synaptic receptors resulting in increased food 
intake and thus the body weight. FLX is one of the drugs which 
acts as an antagonist at the post-synaptic 5HT receptor resulting 
in increased appetite and body weight. Since, food intake in 
RES+FLX treated mice has been found to be increased in one 
of our unpublished data, therefore, gain in the body weight 
in such mice appears to be due to increased consumption of 
food. Significantly reduced weight of the testis in the RES+FLX-
treated mice is consistent with the findings of previous authors 
reported in rats [25]. Further, RES+FLX-induced regressive 
histopathological changes indicated by loss of germ cells in the 
shrunken and disorganized seminiferous tubules have also been 
reported in the testis of the rats exposed to FLX and other SSRIs 
such as sertraline, paroxetine, and escitalopram [10,12]. Reduced 
weight of the testis in RES+FLX-treated mice may be attributed to 
the depletion in the germ cell population [27,44]. 

Testicular daily sperm production is a quantitative index 
of spermatogenesis [45]. FLX has been reported to decrease 
the rate of spermatogenesis [46]. In our study, FLX treatment 
in depressed mice induced a significant decrease in daily 
sperm production per testis, thus indicating reduction in 
spermatogenesis, quantitatively. Consistent findings have been 
reported after treatment with several other SSRIs in mice [47] 
and rats [10,48], leading to impaired fertility [12].

For protection against the potentially harmful effects 
of reactive oxygen species (ROS), cells contain antioxidant 
enzymes such as superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPx), and glutathione reductase (GR), 
which inactivate ROS and neutralize their destructive effects. 
The synergistic effects of antioxidant enzymes play an essential 
role in protection against oxidative damage as a result, these 
antioxidant enzymes act as the cell’s defense system. However, 
the antioxidant defense mechanism may be altered by numerous 
pathological or environmental conditions, allowing a fraction 
of ROS to escape destruction and form  more reactive  hydroxyl 
radicals [49].

The results of the present study showed significant 
alterations in the activities of testicular antioxidant enzymes 
indicating the FLX-induced stress in the organ of the depressed 
mice. The lipid peroxidation (LPO) destroys the structure of the 
lipid matrix in the membranes of germ cells and spermatozoa 
resulting in impaired spermatogenesis. Increased MDA activity 

Figure 9 Effects of oral administration of RES, FLX and RES+FLX on the activity of germ cells apoptosis in the testis (A). Graphical representations 
(B) of six animals. Values represent the mean± SEM of six animals. * indicates significant difference from control and RES-exposed groups at  
p < 0.05.
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in the testis of the mice treated with RES+FLX indicates the 
damaged membranes of these cells by an elevated level of LPO. 
The antioxidant enzyme activity in the RES+FLX-treated mice 
indicated increased activity of SOD and decreased activities of 
CAT, GPx, and nitrate. According to Sakr et al. [24], FLX treatment 
at a dose of 10mg/kg/BW, for 28 days causes oxidative stress 
in the rat against chronic mild depression. Marked alterations 
noticed in the activities of SOD, CAT, nitrate, and GPx in the 
testis of RES+FLX-treated mice might have been initiating and 
propagating the oxidative damage. Further, this oxidative damage 
might have destroyed most of the testicular germ cells either to 
membrane damage or macromolecular degradation. 

Many authors have explained the mechanism by which 
FLX induces testicular tissue toxicity during depression. 
Inkielewicz‑Stępniak [50], showed that FLX induces significant 
increase in the level of LPO to release free‑radical, which 
causes membrane disorganization and subsequent decrease 
in membrane fluidity, and finally extensive tissue damage in 
the depressed rat. According to Atli et al. [51], SSRIs-induced 
overproduction of reactive oxygen species causes oxidative 
stress leading to testicular apoptosis in the depressed mice. 
Soliman et al. [52] have also reported that FLX treatment at the 
dose of 10mg/kg/BW, for 28 days causes germ cell apoptosis 
in the depressed rat, which probably affects the reproductive 
functions. Breast cancer cell line stained with Annexin-V-FITC/
PI is used to measure the apoptotic rate by flow cytometry in 
order to determine whether the decrease in live cells is related 
to the apoptosis, caused by antidepressants [53,64]. Annexin-V 
has a high affinity with phosphatidylserine in the cell membrane, 
which can be used as an indicator of early apoptotic cells, and 
PI can stain late apoptotic and necrotic cells only because it 
does not penetrate the live or dead cells [54]. In the present 
study, flow cytometry analysis of testicular germ cells by using 
Annexin V-FITC/PI dual stain showed a significantly decreased 
percentage of live cells while significantly increased percentage 
of early, and late apoptotic cells in the testis of the RES+FLX-
treated mice. Necrotic cell death i.e., cells stained with PI only, 
showed a marked increase in the testis of such mice. Sertraline, 
another antidepressant, is also reported to cause cell death by 
using the same stain [55]. 

Two major steroidogenic enzymes like 3β-HSD and 17β-HSD 
play an important role in testicular steroidogenesis [30,56] 
Significant reductions in the levels of serum testosterone 
and estradiol noticed in RES+FLX-treated mice are thus 
attributed to significant reductions in the activities of these 
two enzymes. Previous studies have also reported disrupted 
steroidogenic enzyme activity resulting in altered testosterone 
biosynthesis in FLX-treated depressed rats [48]. Increased 
level of serum cholesterol, found in our study further indicates 
the possibility of interrupted testicular steroidogenesis. Since 
the role of testosterone is well-known in the maintenance of 
spermatogenesis [57], hence the suppressed spermatogenic 
activity due to reduced level of serum testosterone in the 
RES+FLX-treated mice cannot be ruled out.

Estradiol, the predominant form of estrogen, plays a direct 
role in modulating spermatogenesis [58]. Significantly reduced 
level of serum estradiol found in RES+FLX-treated mice may be the 
contributing factor in causing suppression of spermatogenesis. 
Paroxetine, another SSRI, also causes spermatogenic suppression 
by inducing significant reduction in the level of estradiol in the 
depressed rat [59]. 

Prolactin (PRL) is involved in control of male reproduction 
as its receptors are present on the testis and accessory sex 
organs [60]. PRL indirectly influences the male reproduction by 
regulating the gonadotropin release and directly increases the 
concentration of LH receptors on the Leydig cell membranes 
[61]. Significantly increased level of PRL (hyperprolactinemia) in 
RES+FLX- treated mice is consistent with the finding reported in 
the rat [62]. Paroxetine and other SSRIs have also been reported to 
cause hyperprolactinemia in the rat [17,59]. Hyperprolactinemia 
inhibits the pulsatile release of LH, FSH, and testosterone [61] 
resulting in marked effects on spermatogenesis ranging from 
alteration in sperm quality to complete spermatogenic arrest 
[62,63]. Thus, the spermatogenic arrest noticed in our study 
appears to be due to hyperprolactinemia also. 

CONCLUSION

The findings of the present study thus indicate that the 
antidepressant, fluoxetine, caused adverse effects only in 
the testis of the depressed mice by altering all the measured 
parameters in comparison to the fluoxetine treatment in the 
normal mice.
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