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Our objective was to investigate thdeets of chronic unpredictable mild stress (CUMS) with or without selective
serotonin reuptake inhibitor (fluoxetine) and anti-oxidant (resveratrol) on testicular functions and oxidative stress in rats.
Fifty male rats were divided into 2 groups; control and CUMS. CUMS group was further subdivided into 4 subgroups
administered watefluoxetine, resveratrol and both. Sucrose intake, body weight gain, serum corticosterone, serotonin
and testosterone levels, sperm count and motibticular malondialdehyde, superoxide dismutase (SOD), catalase,
glutathione (GSH), and gene expression of steroidogenic acute-regula®R) (Botein and cytochrome P450 side

chain cleavage (P450scc) enzyme were evaluated. CUMS decreased sucrose intake, weight gain, anti-oxidants (SOD,

catalase, GSH), testosterone, serotoriARSand cytochrome P450scc gene expression, sperm count and motility and

increased malondialdehyde and corticosterone. Fluoxetine increased malondialdehyde, sucrose intake, weight gain,

serotonin and decreased anti-oxidant®\RSand cytochrome P450scc gene expression, sperm count and motility
testosterone, corticosterone in stressedAalsinistration of resveratrol increased anti-oxidants, sucrose intake, weight
gain, serotonin, 3R and cytochrome P450scc gene expression, testosterone, sperm count angdandtitigcreased
malondialdehyde and corticosterone in stressed rats with or without fluoxetine. In conclusion, CUMS induces testicular
dysfunctions and oxidative stre¥®hile treatment of CUMS rats with fluoxetine decreases the depressive behavior
causes further worsening of testicular dysfunctions and oxidative sfdssnistration of resveratrol improves
testicular dysfunctions and oxidative stress that are caused by CUMS and further worsened by fluoxetine treatment.

Key words:depression, chronic mild stress, sucrose intake, testicular functions, oxidative stress, fluoxetine, resveratrol,
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INTRODUCTION regulatory ($AR) protein and cytochrome P450 side chain
cleavage (P450 scc) enzyme (B)e adverse &cts of stress on

In this modern world, stress is an unavoidable phenomenomale reproductive system have been descriBesariety of
Involvement of stress has been suggested in the developmentstfessors such as hyperthermia and migamisms inhibit male
human depression (1). In animals, unpredictable stressors hawveproductive functions and spermatogenesis (4). Similactsf
been shown to induce changes in behavioral parametersiere observed after application of stressful stimuli such as
including changes in locomotor and explorative behavior prolonged immobilization (6). On the other hand, there have
impairment of feeding, drinking and sexual behavior (2). Suctbeen relatively few studies on thefesfts of reactive oxygen
behavioral changes are often seen in human psychiatrispecies (ROS) on steroidogenesis. Dienatr al. (7)
disorders.A regime of uncontrollable stress has been usedlemonstrated that the in vitro exposure of MA-10 tumor Leydig
extensively to model the deficits in motivation and reward. Incells to ROS decreasetAR protein expression levels.

DSM-IV (American Psychiatridssociation 1994), anhedonia Fluoxetine (FLX) is a selective serotonin reuptake inhibitor
(loss of interest or pleasure in events that usually would bevidely prescribed for treatment of neurological disorders such as
enjoyed) is defined as a core symptom of depression (3). depression and anxiety (8he efect of FLX on male fertility and

The testes carry out spermatogenesis and steroidogenesieproduction was studied. Long-term ingestion of FLX caused a
Leydig cells, under the stimulus of luteinizing hormone (LH), decrease in spermatogene$sand follicle stimulating hormone
secrete testosterones{Tthat is required by Sertoli cells to (FSH) levels and weights of reproductivganms in rats (9 hese
support spermatogenesis (4). Moregven Leydig cell  sexual side écts can considerablyfa€t a person's lifestyle, and
steroidogenesis, the cholesterol is converted Tstashrough a  where this results in reduced compliance with medication, lead to
series of steroidogenic steps catalyzed by steroidogenic acutkess efective treatment of the primary psychiatric disorder (10).
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Resveratrol (RES) is a phytoalexin with antioxidant Sress procedure
properties and is found in a wide range of foods especially grapes
and red wine. During the last decade,resveratrol has been shown A rat model of CUMS-induced depression was established
to possess wide spectrum of pharmacologic properties such &®»m the procedure described by (3, 16, Affer the seven days
anti-inflammatory antioxidant, anticarcinogenic, antiageing, habituation period, all rats (except the normal) were subjected to
neuroprotective and cardioprotectivdeef (11). In vivo andin a series of chronic unpredictable stimuli for four weeks. Each
vitro studies have shown that RES protects spermatocytes againgeek consisted of tail clamping for 1 min, cold water swimming
lipid peroxidation and increases testicular sperm numbers anat 4°C for 5 min, heat stress at 45°C for 5 min, paired caging for
sperm motility (12)Also, it increases sperm production, reduce 2 hours, tilted cage (45°) for 3 hours, food deprivation (18 h)
apoptosis in germinal cells, and protect against environmentainmediately followed by 1 hour of restricted access to food (five
toxins (12). Howeverfew studies deal with the relationship micropellets), water deprivation (18 h) immediately followed by
between RES and the possible decrease in testicular functiodshour exposure to an empty bottle, wet cage (200 ml water in
provoked by chronic unpredictable mild stress (CUMS)-inducedlO0 g sawdust bedding) for 21 hours, and 24 hours of reversed
depression, with or without FLX treatment. light/dark cycle (7:00 a.m. lights f7:00 p.m. lights on)All

Therefore, the aim of the current work was to determine thenimals received the same pattern of stresAdrstressors were
effects of CUMS-induced depression with or without FLX on applied individually and continuously day and nigfiteir
testicular functions and oxidative stress in adult male rats as wedlequence was at random in order to be completely unpredictable
as the gene expression of testicular steroidogenic enzjees. to the animal. Immediately following each stress session the
we investigated whether RES could protect the testes against t@imals were returned to their home cages and maintained under
possible negative fefcts of CUMS or FLX. standard conditions until the next stress session. Control animals

were left undisturbed in their room and home caghsy were
deprived of food and water for 4 hours preceding each sucrose
MATERIALS AND METHODS test, but otherwise food and water were freely available in the
Chemicals home cage.
Sucrose intake and body weight

FLX (Philozac®) was obtained as capsules frAmoun
Pharmaceutical Compan@airo, Egypt. Each capsule contained In the present studywe used a sucrose test to assess
10 mg FLX hydrochloride. FLX was dissolved in distilled water anhedonia. Sucrose intake (1% sucrose solution) was measured
and was given orally to animals by gavage at a dose level of 16nce a week, on separate days (on days 0, 7, 14, 21, and 28),
mg/kg body weight, (equivalent to the therapeutic dose foduring a 1-h window after 4 h of food and water deprivation.
human according to Paget and Barnes (13)), daily for fouConsumption was measured by comparing bottle weight before
weeks. RES was purchased from Sigmia I(8uis, Mo., USA)  and after the 1-h windavBaseline was measured 1 week before
and given by gavage in a dose of 20 mg/kg body weight daily fothe start of chronic stresbhe food and water deprivation period

four weeks. preceding sucrose intake measurement may be considered as a
further stress applied on top of the chronic stress protocol.
Animals However control rats were also exposed to the food and water

deprivation, as a part of the test (3he body weights were
Fifty male Sprague Dawley rats, 7 weeks of age, weighingecorded regularly throughout the experiments.
180 — 220 g were purchased from Yaecine and Immunization
Authority (Helwan, Cairo, Egypt) and housed (Animal House, Forced swimming test (FST)
Medical Physiology Department, Faculty of Medicine,
Mansoura University Egypt) under controlled conditions At the end of the experiment, the depressive behavior
(temperature of 23 + 1°C, and a 12 h light: 12 h dark cy€hkg. induced by forced swimming test was evaluated in all animals
animals were allowed free access to food and tap Vidteffirst using the modified method of Porseltal. (18). This procedure
experimental phase ("habituation") lasted for 7 days duringconsists of exposing an animal to a situation of inescapable stress,
which body weight was recorded daily in which the rat is forced to swimifter an initial period of
Experiments were performed according to the Guide for thevigorous swimming activity in the direction to the tank border
Care and Use of Laboratonimals published by the US (Latency of theAttempt of Escape), the animal reduces the
National Institutes of Health (NIH publication No. 85-23, intensity of the movements, just producing the necessary
revised 1996)All experimental procedures in this study were movements to maintain its head out of the wateis answer was
approved by the Medical Research Ethics Committee otlassified as behavioral immobilitindicating a possible state of

Mansoura UniversityEgypt. despair of the animal when it realizes that there is no escape.
The rats were placed individually in a cylindrical tank (100
Experimental design cm diameter x 60 cm height) whose level of water do not allow

the animal to lean on the flgonor arise by the bordefhe

Animals were randomly divided into the control (n = 10) andtemperature of the water was maintained in 257 animals
stress (n = 40) groups. Control rats received distilled water orallyere submitted to the forced swimming during 15 min (pre-test).
for 28 days.The stress group, subjected to CUMS procedureAfter the 15 min of forced swimming, each animal was gently
was further subdivided into 4 subgroups, ten animals ddeh. dried and then returned to their cagBsenty four hours after
first subgroup received distilled water orally for 28 dakise the pre-test, all the animals were put back inside of the Tédrek.
other subgroups were treated with anti-depressant FLX (1@hdividual behavioral evaluation was accomplished and
mg/kg/day for 28 days, through gavage) (14), RES (20 mg/kgjuantified during 5 min of forced swimminghe behavioral
through gavage) (15) or both FLX (10 mg/kg/ddgrough  parameters as latency of the attempt of escape (LAE) and
gavage) + RES (20 mg/kg through gavage) for 28 dage.  behavioral immobility (BI) were quantified in seconds T8)en
administration of drugs was initiated concurrently with CUMS the animals were remove from the water and gently dried and
procedure. placed back into their cages.
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Sampling Protocol (MDA), catalase, superoxide dismutase (SOD) and glutathione

(GSH), which were measured by using colorimetric kits (Bio-

Diagnostics, Dokki, Giza, Egypt) according to the
At the end of the experiment, all animals were sacrificed bymanufacturer's instructions.

decapitation under ether anesthesia and blood samples were

collected without anticoagulant, left for 10 min and then Semiquantitative reverse transcriptase-PCR of steroidogenie

centrifuged for 10 min at 4000 r/min to obtain serum, which wasenzymes

used for determination d% and corticosterone concentrations.

1. Blood samples

Total RNA extraction was carried out from rat testis, after
2. Tissue samples homogenization, usingTriFast TM reagent (PeqLab.
Biotechnologie GmbH, Carl-Thierscht. 2B 91052 Erlongen,
Testicular tissue preparationfesticular tissues were Germany Cat. No. 30-2010) according to the manufacturer's
removed, rinsed with cold normal saline, divided into parts andnstructions.The remaining DNAwas removed by digestion
dried with filter paperFirst part was quickly frozen in liquid with DNase | (Sigma)The RNApurity and concentration were
nitrogen then stored at —80°C for determination of oxidativedetermined spectrophotometrically A260/A280 nm. The
stress parameters and semiquantitative reverse transciptagerity of RNAwe obtained was 1.8 — 1.9.
(RT)-PCR of steroidogenic enzymd#e other part was used for Semiquantitative reverse transcription polymerase chain
histopathological evaluation. In addition, the epididymis wasreaction (R-PCR) was performed using ready-to-g@-RRCR
processed for assessment of the sperm parameters. beads for first cDNAsynthesis and PCR reaction provided by
Amersham Biosciences, England. Cat. No. 27-9266-01,
3. Brain tissue preparation according to the method of Berchtold (19).
Gene specific primers were purchased from Biolegiq.FRY
The whole brain was quickly removed and washed in 0.9%Box 91, 5600AB Nijmegen, Netherlands.he primers used for
cold saline.The cortex and hippocampus were carefully RT-PCR for $AR protein and cytochrome P450scc were gene-
dissected and homogenizethe homogenates were stored at specific primers selected accordingdkingbemiet al. (20).

—80°C until used for determination of serotonin level. StAR protein: forward primer; 5-TTG GG@&TA CTC
AAC AAC CA-3'; reverse primer; 5“"PGACA CCG CTTTGC
4. Sperm count and motility TCAG-3'.

Cytochrome P450scc: forward primer; 5-A@&T AGC

To determine these parameters, cauda epididymis wasCA GGA CTT-3'; reverse primer; 5-AGAGG CTA TAA
minced with a scalpel blade in a Petri dish into 5 ml of 0.9%AGG ACA CC-3..
NaCl pre-warmed to 37°C. One drop of evenly mixed sample RPS 16 (internal control, house keeping gene): forward
was applied to a specific slide, and the motility/concentratiorprimer; 5-AAG TCT TCG GAC GCAAGA AA-3'; reverse
module of the computer assisted semen analysis GAS#m  primer ; 5-TTG CCQAAGA AGC AGA ACA G-3'.
using MiraLab - Egypt (Mira 9000 spersnalyzer CASA Thermal cycling reaction was performed using thermal cycler
software). For analysis, trinoculer microscope with plan(TECHEN TC-312, Model FTC3102D, Barloworld Scientific
objective lens (olympus) equipped with phase contrast opticktd. Sone, $afford Shire, st 150 SA, UK) with the following
and a heated stage (37°C) was used. Sperm count was exprespeagram: initial denaturation: 94°C for 5 min, 35 cycles of 94°C
as million per ml.The number of motile spermatozoa was for 0.5 min denaturation, 60°C for 1 mintAR protein ), 58°C
expressed as percentage of sperm matility addition, for 30 s (cytochrome P450scc), and 60°C for 1 min (RPS 16) as
morphology was assessed by the preparation of a smear and g@mer annealing, 72°C for 1 min extension and final extension at
application of the sperm Mac stain staining method (Fertipro72°C for 7 min.The products was subjected to agarose gel
Bilguim) as outlined byWHO (2010). The sperms were electrophoresis using 2% agarose stained with ethidium bromide
classified into normal and abnormal and the total spermand visualizedvia light UV transilluminator (ModelTUV-20,

abnormality was expressed as percentage incidence. OWI Scientific, Inc. 800 242-5560, France) and photographed
under fixed conditions (the distance, the light and the zcobine).
Biochemical investigations RT-PCR products size were as follow: 389, 399 and 148 bp for

SIAR protein, cytochrome P450scc and RPS 16 (internal control-
ELISA assay kits were used for determination of sefism house keeping gene) respectivelhe results photos were

(Cat. No: 55-TESMS-EO01ALPCO Diagnostics, USA) and analyzed with Scion Image® releasipha 4.0.3.2. Software for
corticosterone (Cat No: 55-CORMS-E@4,PCO Diagnostics, Windows® which performs bands detection and conversion to
USA) levels according to the manufacturer's instructions. InpeaksArea under each peak were calculated in square pixels and
addition, the serotonin level in the brain tissue (cerebral cortexised for quantification. Gene expression levels were determined
and hippocampus) homogenate was assayed using BitSA by calculating the ratio between the square pixel value of the
(Catalog No: MBS725497, MyBioSource, USA) according to target gene in relation to the control gene (house keeping gene).
the manufacturer's instructions.

Histopathological examination of the testes
Estimation of testicular oxidative and anti-oxidative
parameters Specimens from testes were fixed in 10% v/v neutrdeted

formalin, dehydrated through ascending grades of ethanol (70, 90

Parts of the frozen testicular samples from all groups werand 95% v/v), cleaned in xylene and embedded in firaraéx

washed with phosphate Hefed saline (PBS), pH 7.4, (melting point 56°C). Five um sections were stained with
containing 0.16 mg/ml heparin to remove any red blood cellhematoxylin and eosin (H-E) before investigation under light
and clots.Then, they were homogenized in cold phosphatemicroscopy Histological findings in seminiferous tubules were
buffer, pH 7.0, containing EDA Homogenates were centrifuged evaluated according to Johnsen's scoring systemTi@dyli in 10
at 10,000 g for 15 min at 4°C, and the supernatant was kept abnsecutive 400 x field areas were scored and mean values were
—80°C until used for analysis of lipid peroxidation product determinedThe Johnsen score is based on the premise that with
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testicular damage there is successive disappearance of the mdgference in sucrose intake among thé&dint groups (B 0.05).
mature cell type, with progressive degeneration of germinaCUMS induced a significant decrease in sucrose intake in the stress
epithelium, with the disappearance of spermatozoa and spermatidgpup as compared with the normal control group QF05) While
then spermatocytes and finally Sertoli cells, in that order RES had no significant fett on sucrose consumption in CUMS
A score of 1 to 10 was given to each tubule according to theats, administration of FLX to CUMS or CUMS +RES groups
maturity of the germ cells: a score of 1 indicated no seminiferousignificantly increased sucrose consumption <{P0.05) in
epithelial cells and tubular sclerosfs score of 2 indicated no comparison with untreated or RES treated CUMS Iiig. ().
germ cells, only Sertoli cellsA score of 3 indicated Tests of main éécts for the period of CUMS procedure (day — 7
spermatogonia onhA score of 4 indicated no spermatids, few to day 28) showed statistically significantfeiences among the
spermatocytes, and arrest of spermatogenesis at the primdiiye groups of animals (control, CUMS, and CUMS with FLX,
spermatocyte stagé score of 5 indicated no spermatids and RES and both) (f.73= 376.3, K 0.0001)There was a significant
many spermatocytef. score of 6 indicated no late spermatids, interaction between group and daydks= 25.02, ’< 0.0001).
few early spermatids, arrest of spermatogenesis at the spermatid Body weight gain in control, CUMS rats and CUMS rats
stage, and disturbance of spermatidedéntiation A score of 7 administered FLX, RES and combination of both are shown in
indicated no late spermatids and many early spermatisisore  Fig. 2. While the body weight gain, at second, third and forth
of 8 indicated few late spermatidsscore of 9 indicated many weeks, was significantly (R0.05) decreased in rats subjected to
late spermatids and digfamnized tubular epitheliumd score of ~ CUMS with or without RES when compared with control group,

10 indicated full spermatogenesis. FLX administration either alone or with RES significantly<{P
0.05) increased weight gain in CUMS exposed rats as compared
Satigtical analysis with untreated or RES treated stressed f#ts. weight gain in

FLX treated stressed rats showed normal values similar to those

The data were expressed as mean + standard deviation (S.Dof.the control normal group (®0.05).
Data were processed and analyzed using the SPSS version 10.0 The behavioral parameters during the RSTLAE and BI
(SPSS, Inc., Chicago, lll., USA). For analysis of sucrose intakeywere appraised F{g. 3). LAE of the stress group was
two-way ANOVA was done followed by th&ukey's multiple  significantly smaller (< 0.05) while Bl was layer (P< 0.05)
comparison test. For analysis of weight gain, corticostef®e, when compared with the control grouglhile RES had no
and serotonin levels as well as oxidative and anti-oxidativesignificant efect on LAE and Bl in CUMS rats, administration
parameters, gene expression and Johnsen's score in rat testis, mfeLX to CUMS or CUMS + RES groups significantly
way ANOVA was done followed byTukey's post hoc test. increased LAE and decreased BI{®.05) in comparison with
Pearson correlation statistical analysis was done for detection aintreated or RES treated CUMS animalig( 3).

a probable significance between two feiiént parameters. Table 1 show the levels of corticosterone afsl in serum,
Results were considered significant €B.05. serotonin in cerebral cortex and hippocampus as well as sperm

count, motility and abnormality in control, CUMS and CUMS
with FLX, RES and combined FLX and RES groupsignificant
RESULTS decrease in the serufs level was observed in CUMS group as
compared with the control group €20.05). FLX administration
Sucrose intake in control, CUMS rats and CUMS ratsto CUMS rats caused a further decreasésitevel as compared
administered FLX, RES and combination of both FLX and RESwith untreated CUMS group €0.05). MoreoverRES treatment
are shown inFig. 1. Before CUMS, there was no significant either alone or with FLX significantly increased serisrievel (P

20+
= stress+FLX+ RES
e
B + Stress+ RES
~ 154
2 -+ Stress+ FLX
3 ¥ Stress
c
"o T -+ Control
wn Fig. 1. Sucrose intake (ml)
e during the period of chronic
g 5. stress in rats.
0 Data are expressed as mean *
S.D. 2 significant (P< 0.05)
0 versus control? significant
(P < 0.05) versus stress
_f" _a:b ,s::l" N N a° group;e significant (P< 0.05)
Q’# Qo Q 045’5 O'S‘f 0-5,5 versus stress + FLX group;
significant (P< 0.05) versus
. ’ stress + RES group;’
1 S
ANOVA lable 55 OF WS | F (DFn, DFa) | P value sngr_uﬁcant (P.< 0.05) versus.
intaraction 1502 70 7766 F (20, 2737 = 2507 | P < 0.0001 their baseline (day 7);
Row Faclor 2806 5 5611 F (5 273)=61.16 | P <0.0001 * significant (P< 0.05) versus
Column Factor _| 1381 q 345.3 | F(4,273)=3783 | P <0.0001 day O;* significant (P< 0.05)
versus day 7.
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< 0.05) in CUMS rats as compared with untreated or FLX treated The changes in MDAnd GSH levels and catalase and SOD
stressed ratsl@ble 1). Also, in response to repeated stress, serunactivities are presented ifable 2. While antioxidant enzyme
corticosterone increased while serotonin level in cortex andctivity (SOD and CA) and GSH were significantly decreased in
hippocampus decreased significantly<(B.05) as compared with CUMS group as compared with control group, MEignificantly
the control group. On the other hand, in FLX or combined FLX +increased (R 0.05). Administration of FLX to CUMS rats caused
RES treated CUMS rats, the corticosterone decreased whike further increase in MDANd decrease in antioxidant enzyme
serotonin increased @0.05) significantly when compared with activity (SOD and CA) and GSH as compared to the untreated
the untreated stress groualfle 1). stressed animals (R 0.05). Moreover RES significantly
While both sperm concentration (million/ml) and increased antioxidant enzyme activity (SOD and Cénd GSH
progressive sperm motility (%) showed significant decrease (P level and decreased MDA CUMS and CUMS + FLX groups (P
0.05) in CUMS group when compared to the control group,<0.05) when compared with the untreated or FLX treated stressed
sperm abnormality was significantly €20.05) increased. FLX rats {Table 2). In addition, serunTs level showed statistically
caused a further decrease in sperm concentration and progresssignificant negative correlation with testicular MDévels (r =
sperm motility and increase in abnormal sperms in CUMS rats0.8757; < 0.001) (n = 50)Kig. 4).
when compared with untreated stress group<(P.05). In Fig. 5 showed that testicular gene expression téfRSand
addition, treatment with RES significantly increased spermcytochrome P450scc was significantly decreased (FO5) in
concentration and motility and decreased abnormality in CUMSCUMS group when compared to the control group. FLX
and CUMS + FLX groups when compared with untreated oradministration caused a further decrease in testicular gene
FLX treated stressed raf&able 1). expression of &R and cytochrome P450scc in CUMS rats as

150,
B first week

second week
o B third week
forth week
2 e B Total BW gain

1001

501

Body weight gain (g)

Fig. 2. Body weight gain (g) of
control, stress, and stress with
FLX, RES or combined FLX and
RES groups.

Data are expressed as mean +
S.D. FLX, fluoxetine; RES,
& resveratrol2significant (P< 0.05)

4 versus control? significant (P<
\00 0.05) versus stress group;
< ¢ significant (P< 0.05) versus
& stress + FLX group! significant
:::,‘é (P < 0.05) versus stress + RES

group.

250 a ac
b bd T B Control Fig. 3. Latency of the attempt of
T Stress escape (LAE) and behavioral
200 Bl Stress + FLX immobility (BI) in rats of the
Stress + RES control, stress, and stress with
Bl Stress + FLX +REs | FLX, RES or combined FLX and
RES groups.
ac bd Data are expressed as mean
100 T S.D. FLX, fluoxetine; RES,
resveratrol2 significant (R< 0.05)
versus control? significant (P<
501 0.05) versus stress group;
¢ significant (P< 0.05) versus
o0l stress + FLX group! significant
Latency of the attempt of escape Behavioral inmobility (P < 0.05) versus stress + RES
group.

150

Seconds
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compared with untreated stress group<(@.05). In addition, a
significant increase in the testicular gene expressiobA® and
cytochrome P450scc was detected in RES treated groups
(CUMS + RES and CUMS + FLX + RES) when compared with
stress groups untreated or treated with FEX).(5).

r -0.8750
95% corfidence interval -0.932410-0.7746
R sguare 0.7657

P value
P (two-tailed)

Histopathological findings
<0.0001 P 9 ¢

The seminiferous tubules of the control group were
completely diferentiated. Sections of testis from the control group
revealed that seminiferous tubule had each a definite membrane
and a small lumen densely filled with sperm tails. Spermatogenic
B cells including spermatogonia, primary spermatocytes, early
. spermatids, late spermatids and Sertoli cells were seen to be
abundant and healthlzig. 6A). On the other hand, examination of
the testes of CUMS rats, revealed degeneration of spermatogonial
cells lining the seminiferous tubules and that the lumens of tubules
were filled with degenerated germ cefso, vacuolization of the
seminiferous epithelium and partial to complete absence of germ
cells associated with interstitial edema, damaged Sertoli cells and
necrosis of Leydig cells were also noticEi( 6B). The testes of
CUMS rats treated with FLXHg. 6C) revealed histopathological
changes similar to those observed in untreated CUMS group.
However morphological examination of the testes in RES treated
CUMS groups, either with or without FLXFig. 6D and 6E),
revealed similar morphology to that of the control grotipe

1.5+

1.0

MDA

0.54 L]

00 T
0.0 02

04 086 0.8 10

Testosterone

Fig. 4. Pearson correlation cdiefent between serum testosterone
level and testicular MDAr = —0.8750) (K 0.001) (n = 50).

Table 1. Serum corticosterone and testosterone, serotonin level in cerebral cortex and hippocampus and sperm parameters in control,
stress and stress with FLX, RES or combined FLX and RES groups.

Control Stress Stress + FLX Stress + RES Stress + FLX + RES
(n=10) (n = 10) (n = 10) (n=10) (n = 10)
(S;;n“]’l)commswrone 1657+ 13.4 | 348.6+204° | 2457+18.8% | 338.6+21.5% 237.7 + 18.8°
Cerebral cortex 0.089+0.007 | 0.041 £0.006° | 0.067 =0.008 | 0.045+0.009° | 0.071 % 0.006"
serotonin (ng/ml)
aglxgampus Serotonin | 4 198+ 0.008 | 0.085=0.007" | 0.138 +0.009° | 0.089+0.006° | 0.145 = 0.008™
Serum festosterone 1.9+0.1 0.6+0.1° 03+0.1% 140,17 12+0.1%¢
(ng/ml)
Sperm count
(million/ml) 208+1.5 8.1+£0.9° 4.8+0.7% 12.7+£1.2%° 143 +1.3%
(So/p‘;rm motility 75.6+3.1 34.5+2.5° 22.1+1.8% 49.5+2.7% 52,6 + 2.6™
(1]
(Sofirm abnormality 2314005 | 15.64+051° | 1953063 | 9.43+047" 8.6+ 0.42%
(1]

Data are expressed as mean + S.D. FLX, fluoxetine; RES, resverBtxo0.05 versus contro?P < 0.05 versus stress groul <
0.05 versus stress + FLX grod < 0.05 versus stress + RES group.

Table 2. Testicular SOD and CRactivities, GSH and MDAevels in control, stress and stress with FLX, RES or combined FLX and
RES groups.

Control Stress Stress + FLX Stress + RES Stress + FLX + RES
(n=10) (n=10) (n=10) (n=10) (n=10)
MDA a ab be be
) 42403 95+0.5 13.7 0. 49+0.6 52+09
(nmol/g tissue)
SOD 5514032 | 342£027° | 2.88+0.15° | 4.89+0.35™ 479 037"
(U/g tissue)
CAT 5914031 3724028 | 291031 | 5324025 5.2140.19%
(U/g tissue)
GSH 48.28 +£5.74 26.82+241% | 18.14+2.11° | 44.16+3.15™ 4135+3.01™
(mmol/L)

Data are expressed as mean + S.D. MDA, malondialdehyde; SOD, superoxide dismutasstaldse; GSH, glutathione; FLX,
fluoxetine; RES, resveratrglP < 0.05 versus controtP < 0.05 versus stress grouy, < 0.05 versus stress + FLX groyf < 0.05
versus stress + RES group.
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Fig. 5. (A) RT-PCR product of testiculatAR, cytochrome P450scc and RPS16 expression in rats of all groups. Lane M: timesZkéA
Lane 1: R-PCR products in control group (l); Lane ZE-RCR products in stress group; Lane B:ATR product in stress + fluoxetine
group; Lane 4: RPCR product in stress + resveratrol group and Land-BGR product in stress + fluoxetine + resveratrol group.
SAR: steroidogenic acute-regulatory protein; cytochrome P450scc: cytochrome P450 side chain cleavage enzyme.

(B): Testicular expression ot AR/RPS16 mRNAN control, stress and stress with FLX, RES or combined FLX and RES groups.

Data are expressed as mean * S.D. FLX, fluoxetine; RES, resversitgnificant (P< 0.05) versus contrdi;significant (P< 0.05) versus
stress grou; significant (P< 0.05) versus stress + FLX grodgignificant (P< 0.05) versus stress + RES group.

(C) Testicular expression of cytochrome P450scc/RPS16 mRN#ntrol, stress and stress with FLX, RES or combined FLX and RES
groups. Data are expressed as mean * S.D. FLX, fluoxetine; RES, resvasindicant (P< 0.05) versus contrdisignificant (P< 0.05)
versus stress groupsignificant (P< 0.05) versus stress + FLX grodsignificant (P< 0.05) versus stress + RES group.

testes in RES administered groups showed nearly normaltress groupTreatment with RES significantly increased the

testicular morphology and spermatogenesis with almost normalcore in CUMS and CUMS + FLX groups when compared to the

seminiferous tubule architectures, disappearance of vacuolation imtreated or FLX treated CUMS groups<{P.05).

all stages of spermatogenesis and well-preserved Sertoli cells. In

addition, spermatogonia, primary spermatocytes, spermatids, and

mature sperm were clearly seen in the seminiferous tubules of DISCUSSION

RES treated rats, with increased dense packing of mature sperm in

the lumen and a decreased number of sperm hddsis, Increasing evidence suggests that stress plays an important

decreased interstitial edema was observed in these RE®Ile in the development of depressiohhe cellular and

administered group$ig. 6D and6E). molecular mechanisms of stress-induced depression are not
On the other hand, Johnsen's scofable 3) showed a completely understood (22). tr8ss induced adrenal

significant decrease in CUMS groups in comparison with controtorticosteroid release, which, in turn, impaired the cortical

rats (P< 0.05). FLX administration to CUMS rats caused afunction (e.g., hippocampus), leading to depression £28), a

further decrease in the scoreqP.05) as compared to untreated decrease in the synaptic levels of serotonin (5-hydroxy
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Fig. 6. Histological appearance of
testis sections obtained from all
groups A): control rat, B): stress

rats, C): stress with fluoxetine,

(D): stress with resveratrol and
(E): stress with fluoxetine and
resveratrol; x 200.

Table 3. Johnsen's score in control, stress and stress with FLX, RES or combined FLX and RES groups.

Control Stress Stress + FLX | Stress + ES | Stress + FLX + RES
(n=10) (n=10) (n=10) (n=10) (n=10)
Johnsen’s score | 9.7+0.2 6.8+0.1° 6.1+0.1° | 88+0.1" 8.5+0.1%

Data are expressed as mean + S.D. FLX, fluoxetine; RES, resverBtxo0.05 versus controb;P < 0.05 versus stress gro® <
0.05 versus stress + FLX grou < 0.05 versus stress + RES group.

tryptamine, 5 HT) and/or norepinephrine in various braindepressed patients is hyperactivity and dysregulation of the HP
regions, e.g. frontal cortex, as well as a reduced production aixis, demonstrated by increased cortisol levels, getaent of the
brain-derived neurotrophic factor in the hippocampus may alsgituitary and adrenal glands and decreased glucocorticoid receptor
contribute to the stress-induced depression (24). In additiorsensitivity (26). Previous studies have shown that the inhibition of
stress can activate an inflammatory response in the brain whiddPA axis by circulating glucocorticoids is impaired both in CMS
could induce neurochemical changes and behavioratats (27) and in depressed patients (28). Morecwesidering the
disturbances causing a diagnosis of depression (25). inhibitory role of the hippocampus in glucocorticoid synthesis,
Depression is often associated with physiological changestress-induced hippocampal atrophy may have contributed to high
characteristic of a normal stress respombere has been a major corticosterone levels following prolonged immobilization stress
focus on the role of the hypothalamo-pituitary-adrenalrHis (6). In agreement with these studies, the results of the current work
as a marker of the stress respons$eesS response activates the showed a significant increase in plasma corticosterone level in
HPA axis and the release of glucocorticoids, which increases thEUMS-exposed ratsTéble 1) which confirm the state of stress.
heart rate, blood pressure, and metabolsounsistent finding in ~ Antidepressants reverse a number of th&4dids abnormalities.
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The chronic FLX treatment normalizes the corticosteroneanimals, either alone or with RES, caused a significant increase
secretion in depressed patients or experimental models. In accoid LAE and decrease in BF{g. 3) indicating the reduction of
with these data, our results demonstrated a significant decreasethre depression-like behavior in FSilith FLX treatment.The
plasma corticosterone level in CUMS-exposed rats with FLXreduction of depressive behavior in CUMS-exposed rats with
administration either alone or with RE®fle 1). FLX, as indicated by increased sucrose int#kg. (1), as well as

In our research, we used CUMS induced depression in ratdecreased Bl and increased LAE in F&ilg. 3) may be related
as a realistic analogue of the strains of everydayAlfier 28 to the enhanced 5-Haction.
days of CUMS, the rats showed behavioral deficits including Stress is considered a major factor contributing to male
reduced sucrose consumption and decreased weightFdgsm (  infertility. Several workers noted that stress significantly
1 and 2, respectively), all of which mimic the symptoms of reduced sperm count and motility (37). Moreg\savere stress
depression in human and indicated success in depressing tb&a chronic or intermittent duration can have detrimenfattf
rats. These findings support CUMS as an animal model ofon reproductive processes in animals. In a studilimeida et
depression. During the same period, the FLX rats showed tha. (6), chronic immobilization stress of male rats from
reverse of almost all the behavior alterations observed in streggepuberty to sexual maturity caused a significant decredse in
group Figs. 1 and2 respectively). secretion.The inhibitory efect of chronic immobilization on

Our protocol for the consumption of sweet solutions includedplasmaTs has been a common finding in adult rats attributed to
4 hours of water deprivatioihe choice of a 4 h limit for the reduced LH concentration (38Jhe precise mechanism of the
water deprivation period was motivated by the fact thatinhibitory effect of prolonged stress on plasif® howeveris
dehydration produces metabolidesfts unrelated to the CMS not fully understood since the changes in androgenic response
protocol (3). In the CUMS-exposed rats we observed a significardre not always associated with altered LH levels (39). It was
decrease in the level of sucrose intake as compared with contreliggested that restraint stress may induce Leydig cell
group with maximum reduction seen after 2 weeks and lastetyposensitivity to gonadotropin (Gn) leading to a blockadesof
throughout the 4 weeks of CUMS protockid. 1). On the other  biosynthesis at normal LH levels (40). Immobilization stress
hand, sucrose intake in the control group did not chafige. also provokes an elevation of serum corticosterone
current results are consistent with previous studies (3,TA®). concentrations which causes the declineTsnconcentrations
sucrose intake loweringfett of CUMS in rats was reversed by (41). In the present studysimilar hormonal changes were
the administration of FLX either alone or with RES g 1). observed during CUMS as indicated by decreased pldsma
However RES alone had nofett on sucrose intake in stressed level in CUMS-exposed ratsTgble 1). It is postulated that
rats Fig. 1). The results of this study confirm earlier reports (3, during stress, increased corticosteroids suppress Gn and directly
30). Moreover CUMS significantly decreased the body weight suppress testicular function (42). In addition, stress-mediated
gain of rats as compared with control group. FLX treatment eitheincreases in corticotrophin-releasing factor (CRF) result in a
alone or with RES significantly increased the body weight gain ofeduced secretion of the Gn-releasing hormone (GnRH). It has
CUMS-exposed ratd={g. 2). These results were in accord with been suggested that CRF acts directly by suppressing GnRH or
those of previous studies (12, 31). It has been suggested by somnélirectly by increasing opioid release (43). Other data have
investigators that reduction of body weight following CMS shown that increased glucocorticoids mayvéeglucocorticoid
contributes to a decrease in sucrose intake (32). Howiaveur receptors on Leydig cells, thus suppressing the testicular
study we did not find any correlation between body weight andresponse to gonadotropins (37Jhe proopiomelanocortin
sucrose intake. (POMC)-derived peptides may also play an autocrine/paracrine

The 5-HTis involved in the neurobiology of depression, asrole in mediating the stress-induced decline in testicular
well as in the action mechanisms of antidepressant agdmds. steroidogenesis (44). Furthermore, increased serum
decrease in the concentrations of brain serotonin can precipitat®rticosterone have been reported to induce Leydig cell
the recurrence of the depression in depressed patients (33poptosis and impair Leydig cell steroidogenesis (Ao,
Consistent with these findings, our results showed a significanphysiological levels of leptin stimulate steroidogenesis and
decrease in brain serotonin level in CUMS-exposed rats whefollicle maturation, whereas supraphysiological concentrations
compared with control groupTgble 1) which confirm the  of leptin may produce the oppositdesf (46).
depression in those rafBhe antidepressant actions of FLX are A significant decrease in both the production of maturing
thought to be mediated by the inhibition of serotonin reuptakespermatids and concentration of spermatozoa in the cauda
resulting in enhanced serotogier signaling and up-regulation epididymidis was observed in stressed rats TBg decreased
of brain-derived neurotrophic factor gene expression (34). Irandrogenic status of stressed rats may be responsible, at least in
agreement with these data, the results of the current studyart, for depressing spermatogenegitso, local regulatory
showed a significant increase in brain serotonin in CUMSinteractions occur between all testicular cell types (interstitial,
exposed rats after FLX administration either alone or with RESeritubular myoid, germ and Sertoli cells) and these cell-cell
(Table 1). However RES alone caused no change in braircommunications, involving growth factors and POMC peptides,
serotonin in stressed raffable 1). The FSThas been used to mediate the cell growth and fdifentiation required for the
evaluate the édctiveness of several antidepressant treatmentitiation and maintenance of spermatogeneS$ise stressful
(35). In a study by Paget al. (35), they reported that the stimulus may have interfered with elements of this elaborate
reduction of depressant behavior in the forced swimming test iparacrine control, impairing the spermatogenic process (6).
the FLX treated rats seems to be related to the function of thiloreover Kim et al. (47) demonstrated thafs withdrawal
serotonegic system. Moreoverin another studyMendes-da- induces spermatocyte apoptosi® caspase-3 activation and
Silva et al. (36) demonstrated that the decrease in depressamfspase-activated deoxyribonuclease expression. In addition, a
behavior in FSTevaluated in adult life after neonatal treatment transient reduction of seruifts caused by immobilization stress
with FLX may be due to neuroadaptive mechanisms developedan enhance testicular germ cell apoptosis in rats (48). In the
at the time of treatment, that persist until adult life. In accordpresent studysimilar changes in the sperms were observed during
with these data, the results of the current work showed &€UMS. Plasmds and sperm count and motility decreased while
significant decrease in LAE and increase in Bl in CUMS ratsabnormal sperms increased in CUMS exposed Taitde(1). FLX
(Fig. 3) suggesting the development of a depression-liketreatment of CUMS rats caused a further decrease in plesma
behavior In addition, FLX administration to the stressed sperm count and motility and increase in abnormal spéfabke(
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1). These results suggest impairment of spermatogenesis whigienomic DNAor up-regulate apoptotic proteins, leads to germ cell
may be explained by decreasksllevel observed in CUMS and death and impaired spermatogenesis (63). In consistent with these
CUMS + FLX rats Table 1). RES administration to stressed rats, findings, the results of the current work showed a significant
both alone or with FLX, increased the plasfaasperm count and decrease in sperm count and motility and increase in the abnormal
motility and decreased the abnormal formable 1). Therefore, forms in CUMS-exposed group with a further deterioration by
while FLX improved the depressive-like behaviors in CUMS rats,FLX treatment Table 1). RES administration to those CUMS-
it worsens the testicular dysfunctiofifiese deteriorating fetcts exposed rats, both alone or with FLX, increased the sperm count
of FLX are ameliorated by co-administration of RES. and motility and decreased the abnormal forriablé 1).
Sexual dysfunction as loss of libido, impairedgyasm, Therefore, the decreased sperms count and motility and increased
delayed or absent ejaculation, decreased testicular developmeatinormal sperms in CUMS-exposed rats may be related to the
and decreased Sertoli cell population are possible sieet ef adverse éécts of testicular oxidative stress on spermatogenesis. In
antidepressant therapy as FLX which may lead to infertility inaddition, the worseningfefct of FLX on testicular oxidative stress
adults (49, 50). In a study by Kumat al. (51), they in CUMS rats may lead to a further decrease in sperms count and
demonstrated that FLX, sertraline, fluvoxamine, and citalopranmotility and increased abnormal sperms.
negatively influence semen parameters and showed a There is increasing evidence that functionality of
spermicidal dkct. In addition, long-term intake of FLX caused steroidogenic tissues might be compromised in states of persistent
a decrease in spermatogenesis, weights of reproductiamr oxidative stress with generation of R@Swumber of studies with
andTs and FSH levels in rats (Yesticular damage, caused by rat primary testicular Leydig cells showed that levels of
FLX, was associated with increased MBAd reduced GSH (9). steroidogenic enzymes declined with advancing animal age along
The decrease ifils may result from action of FLX on Leydig with Ts output in parallel with diminished levels of antioxidants
cells or efect of ROS on testicular steroidogenesis 4o, (64). Leydig cells are reported to be particularly susceptible to
chronic FLX administration caused liver injury through inducing oxidative damagéen vivo due to their close proximity to ROS-
oxidative stress (52). Moreoveits use was accompanied by producing testicular interstitial macrophages (65). Omura and
other side décts as lung damage (53), hepatotoxicity (54) andMorohashi (66) reported that ROS such as superoxide anions and
cardiotoxicity (55). In accord with these observations, theH,O, could inhibit testicular steroidogenesis. In accord with these
present study demonstrated that FLX treatment of CUMS ratstudies, the results of the current work demonstrated a significant
caused a decrease in plasihisa sperm count and motilitand  decrease in plasnigs level in CUMS-exposed rats with further
increase in abnormal sperniglfle 1). deterioration by FLX treatmentTgble 1). Moreover RES
Oxidative stress develops in association with an imbalancsignificantly increased plasnia level in CUMS animals with or
between ROS and the antioxidant reserve system. ROS are thdthout FLX administration Table 1). In addition, a negative
product of normal cellular metabolisMntioxidant defense correlation between MDANdTSs level (r = —0.8750; R 0.001; n
mechanisms in the testis such as various antioxidants, vitamins,50) was reported~{g. 4). Therefore, these results denote that the
and glutathione are important in the protection of sperm againstecrease ifs in CUMS exposed rats with further reduction by
ROS (56). In the present stydye evaluated the level of lipid FLX treatment may be related to the state of oxidative stress
peroxidation product (MDA) and anti-oxidants (GSH, SOD anddeveloped in those rat§his decrease s level may be
catalase) in the testicular tissue of rats exposed to CUMSresponsible for decreased sperm count and motility and increased
induced depression with or without FLX and RES abnormal formsTable1).
administration. Our results showed a significant increase in In order to determine the likely mechanism of action of stress-
MDA and decrease in anti-oxidants (GSH, SOD and catalase) imduced depression, FLX and RESTmlevels, we analyzed the
the testis of rats exposed to CUM%alfle 2) which clearly = mRNAexpression level of two key steroidogenic proteins, namely
confirms the presence of testicular oxidative stress in théAR and P450scc.t8R is a protein that mediates the rate-
depressed rats. FLX administration to CUMS rats furtherimiting step of steroidogenesisAR participates in the transport
worsens the testicular oxidative stress as indicated by thef substrate cholesterol from outer to inner mitochondrial
significant increase in MDANd decrease in anti-oxidants (GSH, membrane in Leydig cells, where cytochrome P450scc is located.
SOD and catalase) as compared with untreated CUMS animalhe first enzymatic step in steroidogenesis is the conversion of
RES either alone or with FLX significantly decrease Max#d cholesterol to pregnenolone, catalyzed by cytochrome P450scc
increased anti-oxidants (GSH, SOD and catalase) in thenzyme (5)The results of the present study showed a significant
testicular tissue of rats exposed to CUMBaDb(e 4). The results  decrease in thet8R and P450scc gene expression in rats
of the current work were in accord with those of previous studiesubjected to CUMS-induced depression with more lowering by
(57).Additionally, one study showed that RES can serve like theFLX administration Fig. 5), therefore explaining the decrea3sd
antioxidant enzymes SOD and glutathione peroxidase Tb®). level in CUMS-exposed rats with further reduction by FLX
protective eflect of RES treatment may be due to its protectiontreatment. Previous studies demonstrated that the inhibition of
of cellular membranes against oxidative damage (59). SAR protein by ROS is a major tgat of ROS attack in rat Leydig
The role of oxidative stress in the development of testiculacell culture, thus reducing steroidogenic potency of these cells (7).
dysfunction under stress induced depression is not well understoot@ihe results of the current work support these studies as shown by
The sperm cell is distinct from other germinal or somatic cells irthe significant increase intAR and P450scc gene expression in
its ability to generate ROS as well as its great vulnerability to suciCUMS-exposed rats administered RES either alone or with FLX
molecules (60)With ROS production at low levels, sperm cell (Fig. 5) which suggest the involvement of oxidative stress in the
capacitation, acrosome reaction, and sperm binding to the zonahibition of SAR and P450scc gene expression in those rats.
pellucida take place whereas uncontrolled ROS production leads fthus, we could explain the increasesdlevel in CUMS-exposed
sperm abnormalities and infertility (61). In previous related humarrats administered RES with or without FLX by the increas&&S
studies it has been shown that oxidative stress is associated wittaad P450scc gene expression in those rats as a result of the anti-
reduction in sperm motilityviability and defects in sperm-oocyte oxidant action of RES that attenuates the state of oxidative stress
fusion (62). Moreoverunder an elevated oxidative stress statusdeveloped in those rats.
ROS cause cellular injunyjia several mechanisms including lipid Our histopathological findings support the biochemical
peroxidation and oxidative damage of proteins and OBZ. results. The CUMS-exposed group had a lower testicular
Either pathways of oxidative stress, direct oxidative damage tdohnson's score than the control group with a further decrease by



FLX treatment Table 3). Widespread immature degenerated
germ cells with vacuolization of epithelium, damaged Sertoli

7.

cells and necrotic Leydig cells were present in the seminiferous

tubules of the CUMS-exposed rats with or without FIEXg( 6B

and6C). This shows that spermatogenesis was not completed arfl
was impairedThese alterations may be due to oxidative stress
that developed in CUMS-exposed rats with or without FLX. In9.
addition, histological examination of testicular tissue in stressed

rats administered RES with or without FLX showed marked
improvement in the histopathological changes induced by CUMS.0.

(Fig. 6D and6E). In addition, Johnsen's score was significantly
increased in RES treated groupkese results therefore indicate

that the oxidative stress, provoked by CUMS-induced depression

or FLX, has a key role in initiating tubular damage in the testis11.

Also these results confirm the protectivéeef of RES.
In summary RES treatment has no significanfeefs on

behavior deficits, neurotransmitters and corticosterone induced by

CUMS, while it protects testicular functions. Fluoxetine improves12.

depression-related behaviors, but it damages sperm activities.

Moreover resveratrol protects rats from CUMS-induced oxidative

stress, while fluoxetine further worsens it, as indicted by the

measurement of SOD, MDA, QAGSH. So, this article shows 13.

the diferent efects of RES and FLX on depression, testicular
functions, and oxidative streSshe combination of RES and FLX

was more déctive compared with stress group, but no significant14.

improvement was obtained when compared with the better one

used separatel\50 the value here is the alleviation of the side
effects caused by antidepressant treatment of FLX.

In summary the CUMS-induced depression decreaseslb.

sucrose intake (anhydonic behavior) and weight gain, induced
testicular oxidative stress and caused testicular dysfunctions in

rats. While treatment of depressed rats with FLX increasesl6.

sucrose intake and weight gain, it worsens the testicular oxidative

stress and testicular dysfunctions. Finaligministration RES
improves the testicular

by FLX administrationTherefore, RES could be given with FLX

oxidative stress and testicular
dysfunctions caused by CUMS-induced depression and worsendd .

for treatment of depression as it improves the testicular oxidative

stress and testicular dysfunctions caused by FLX treatment.

Conflict of interests: None declared.

REFERENCES

Koolhaas JM, Meerlo,MDe Boer SFSrubbe JH, Bohus B.
The temporal dynamics of the stress respoiNgserosci
Biobehav Rev 1997; 21: 775-782.

Willner P, Muscat R, Papp M. Chronic mild stress-induced
anhedonia: a realistic animal model of depresdimrosci
Biobehav Rev 1992; 16: 525-534.

Gronli J, Murison R, Fiske Eet al. Effects of chronic mild
stress on sexual behaviodlocomotor activity and
consumption of sucrose and saccharine solutiBhgsiol
Behav 2005; 84: 571-577.

Ozawa N, Goda N, Makino NyamaguchiT, Yoshimura,

18.

19.

20.

21.

Suematsu M. Leydig cell-derived heme oxygenase-1

regulates apoptosis of premeiotic germ cells in response t@2.

stressJ Clin Invest 2002; 109: 457-467.

Lavoie HA, King SR. Transcriptional regulation of
steroidogenic genes: S8RD1, CYP1LA1 and HSD3BExp
Biol Med (Maywood) 2009; 234: 880-907.

Almeida SA, Petenusci SG3nselmo-Franci JA, Rosa-e-

Silva AA, Lamano-CarvalhoTL. Decreased spermatogenic
and androgenic testicular functions in adult rats submitted t@4.

immobilization-induced stress from prepubeByaz J Med
Biol Res 1998; 31: 443-1448.

23.

525

DiemerT, Allen JA, Hales KH, Hales DB. Reactive oxygen
disrupts mitochondria in MA-10 tumor Leydig cells and
inhibits steroidogenic acute regulatorytAR) protein and
steroidogenesig€ndocrinology 2013; 144: 2882-2891.

Guze BH, Gitlin M. New antidepressants and the treatment
of depression] Fam Pract 1994; 38: 49-57.

Bataineh HN, Daradkdl. Effects of long-term use of
fluoxetine on fertility parameters in adult male ratsuro
Endocrinol Lett 2007; 28: 321-327.

Gocmez SS, Utkai, Ulak G Gacar N, Erden.Feffects of
long-term treatment with fluoxetine and venlafaxine on rat
isolated vas deferenéuton Autacoid Pharmacol 2010; 30:
197-202.

Novakovic R1, llic B, Beleslin-Cokic Bt al. The efect of
resveratrol on contractility of non-pregnant rat uterus: the
contribution of K(+) channels] Physiol Pharmacol 2013;

64: 795-805.

Jiang YG, PengT, Luo Y, Li MC, Lin YH. Resveratrol
reestablishes spermatogenesis after testicular injury in rats
caused by 2,5-hexanediorghin Med J 2008; 121: 1204-
12009.

Paget GE, Barnes JMoxicity tests. In: Evaluation of Drug
Activities. Laurence DR, BacharaohL (eds.). London,
New York, Academic Press, 1946, pp. 135.

Sakr SA, Mahran HA, El-Deeb MMA\meliorative efect of
curcumin on fluoxetine-induced reproductive toxicity and
oxidative stress in male albino ra@xid Antioxid Med Sci
2013; 2: 29-35.

Bitgul G Tekmen |, Keles D, Oktay.®rotective décts of
resveratrol against chronic immobilization stress on testis.
ISRN Urol 2013; 2013: 278720.

Wang XQ,Wang YZ, He CH, Lu CL. Efects of ciliary
neurotrophic factor on the depressive behavior and
hippocampal neurons in depressive ra&honghua
Jingshenke Zazhi 2003; 36: 42-44.

HuangYL, Yu JR Wang GH, Chen ZHWang Q, Xiao L.
Effect of fluoxetine on depression-induced changes in the
expression of vasoactive intestinal polypeptide and
corticotrophin releasing factor in rat duodenuvibrid J
Gastroenterol 2007; 13: 6060-6065.

Porsolt RD, Le Pichon M, Jalfre M. Depression: a new
animal model sensitive to antidepressant treatmbiatsire
1977; 266: 730-732.

Berchtold MW A simple method for direct cloning and
sequencing cDNAby the use of a sinle specific
oligonucleotide and oligo (dT) in a polymerase chain
reaction (PCR)Nucleic Acids Res 1989; 17: 453-453.
Akingebemi BT Sottas CM, Kouloval, Klinefelter GR,
Hardy MP Inhibition of testicular steroidogenesis by the
xenoestrogen bisphemdiis associated with reduced pituitary
luteinizing hormone secretion and decreased steroidogenic
enzyme gene expression in rat Leydig cdfizdocrinology
2004; 145: 592-603.

Johnsen SGTesticular biopsy score count-a method for
registration of spermatogenesis in human testes: normal
values and results of 335 hypogonadal maléwmones
1970; 1: 2-25.

Qiu J, Hu SY Zhang CH, Shi GQWang S, Xiangdl. The
effect of Chaihu-Shugan-San and its components on the
expression of ERKS5 in the hippocampus of depressed rats.
J Ethnopharmacol 2014; 152: 320-326.

McEwen BS. Physiology and neurobiology of stress and
adaptation: central role of the brafhysiol Rev 2007; 87:
873-904.

Duman RS, Monteggia LMA neurotrophic model for
stress-related mood disordeiol Psychiatry 2006; 59:
1116-1127.



526

25. Miller AH, Maletic V, Raison CL. Inflammation and its 44.Mann DR, OrrTE. Effect of restraint stress on gonadal
discontents: the role of cytokines in the pathophysiology of  proopiomelanocortin peptides and the pituitary-testicular
major depressiorBiol Psychiatry 2009; 65: 732-741. axis in ratsLife Sci 1990; 46: 1602-1609.

26.0'Toole SM, Chiappelli FRubin R. Plasma neopterin in 45.Gao HB, Tong MH, Hu YQ, et al. Mechanisms of
major depression: relationship to basal and stimulated glucocorticoid-induced Leydig cell apoptosisiol Cell

pituitary-adrenal cortical axis functioRsychiatry Res 1998; Endocrinol 2003; 199: 153-163.
79: 21-29. 46. Gregoraszczuk EL, RalA. Superactive human leptin
27. Ayensu WK, Pucilowski O, Mason GA, Overstreet DH, antagonist reverses leptin-induced excessive progesterone and
RezvaniAH, Janowsky DS. Eécts of chronic mild stress on testosterone secretion in porcine ovarian follicles by blocking
serum complement activitysaccharin preference, and leptin receptors] Physiol Pharmacol 2015; 66: 39-46.
corticosterone levels in Flinders lines of réBysiol Behav 47.Kim JM, Ghosh SRWeil AC, Zirkin BR. Caspase-3 and
1995; 57: 165-159. caspase activated deoxyribonuclease are associated with
28. Plotsky PM, Owens MJ, Nemefof CB. testicular germ cell apoptosis resulting from reduced
Psychoneuroendocrinology of depression. Hypothalamic- intratesticular testosteroneEndocrinology 2001; 142:
pituitary-adrenal axisPsychiatr Clin North Am 1998; 21: 3809-3816.
293-307. 48. Yazawa H, Sasagawa I, Ishigooka M, Nakad&ffect of
29.Liu XJ, ZhouYZ, Li ZF, et al. Anti-depressant é&fcts of immobilization stress on testicular germ cell apoptosis in

Xiaoyaosan on rat model of chronic unpredictable mild  rats.Hum Reprod 1999; 14: 1806-1810.
stress: a plasma metabonomics study based on NMR9. Ross JB. Drugs and the treatment of psychiatric disorders in

spectroscopyd Pharm Pharmacol 2012; 64: 578-588. depression and anxiety disorders. In: Goodman and
30. Muscat R, Papp MWillner P Reversal of stress-induced Gillman's the Pharmacological Basisdierapeutics. New

anhedonia by the atypical antidepressants, fluoxetine and York, Mc Graw-Hill Co., 2001: pp. 447-483.

maprotiline.Psychopharmacology 1992; 109: 433-438. 50. Taylor MJ, Rudkin L, Hawton K. t&ategies for managing
31. Willner P, Moreau JL, Nielsen CK, Pappe M, Sluzewsgka antidepressant-induced sexual dysfunction: systematic

Decreased hedonic responsiveness following chronic mild review of randomised controlled trialkAffect Disord 2005;

stress is not secondary to loss of body weighysiol Behav 88: 241-254.

1996; 60: 129-134. 51. KumarVs, Sharma/L, Tiwari P, et al. The spermicidal and

32. Matthews K, Forbes N, Reid IC. Sucrose consumption as antitrichomonas activities of SSRI antidepressalisorg
anhedonic measure following chronic unpredictable mild  Med Chem Lett 2006; 16: 2509-2512.

stressPhysiol Behav 1995; 57: 241-248. 52. Inkielewicz-Sepniak I. Impact of fluoxetine on liver damage
33.Robinson DS,Alms DR, Shrotriya RC, Messina ME, in rats.Pharmacol Rep 2011; 63: 441-447.

Wickramaratra PSerotoninggic anxiolytics and treatment 53.De Kerviler J, Tredaniel G Revlon O, et al. Fluoxetin-

of depressionPsychopathology 1989; 22 (Suppl. 1): 27-36. induced pulmonary granulomatodisir Respir J 1996; 9:
34. Mattson MP Maudsley S, Martin B. BDNF and 5-H® 615-617.

dynamic duo in age-related neuronal plasticity and neuro54. Friedenbeg FK, Rothstein KD. Hepatitis secondary to

degenerative disorderfends Neurosci 2004; 27: 589-594. fluoxetine treatmentAm J Psychiatry 1996; 153: 580.
35.Page ME, Detke MJ, DalvA, Kirby LG, Lucki I. 55. Graudins A, Vossler C,Wang R. Fluoxetine-induced

Serotoninggic mediation of the &cts of fluoxetine, but not cardiotoxicity with response to bicarbonate therafy J

desipramine, in the rat forced swimming test. Emerg Med 1997; 15: 501-503.

Psychopharmacology (Berl) 1999; 142: 162-167. 56. Prahalathan C, Selvakumar\B&ralakshmi PRemedial déct
36. Mendes-da-Silva C, de Souza SL, Barreto-Medeiros&lM, of DL-a-lipoic acid against adriamycin induced testicular

al. Neonatal treatment with fluoxetine reduces depressive lipid peroxidationMol Cell Biochem 2004; 267: 209-214.
behavior induced by forced swim in adult rarq 57. Yulug E,Turedi SAlver A, Turedi S, Kahraman C. fetts of

Neuropsiquiatr 2002; 60: 928-993. resveratrol on methotrexate-induced testicular damage in rats.
37.Bents H. Psychology of male infertility - a literature survey ScientificWorldJournal 2013; 2013: 489659.

Int J Androl 1985; 8: 325-336. 58.Spanier G Xu H, Xia N, et al. Resveratrol reduces
38.Demura R, SuzuKT, Nakamura S, Komatsu H, Odagiri E, endothelial oxidative stress by modulating the gene

Demura H. Hect of immobilisation stress on testosterone expression of superoxide dismutase 1 (SOD1), glutathione

and inhibin in male ratsl Androl 1989; 10: 210-213. peroxidase 1 (GPx1) and NADPH oxidase subunit (Nox4).

39.0rr TE, Mann DR. Role of glucocorticoids in the stress- J Physiol Pharmacol 2009; 60 (Suppl. 4):11-116.
induced suppression of testicular steroidogenesis in aduB9. Vardi N, Parlakpinar HAtes B, CetinA, Otlu A. Anti-
male ratsHorm Behav 1992; 26: 350-363. apoptotic and antioxidant fetts of 3-carotene against
40. Charpenet GTacheY, Bernier M, Ducharme JR, Collu R. methotrexate-induced testicular injurfyertil Seril 2009;
Stress-induced testicular hyposensitivity to gonadotropins  92: 2028-2033.
in rats. Role of the pituitary glan@iol Reprod 1982; 27:  60.Hsu PC, Pan MH, Li LA, Chen CJsai SS, GuoYL.

616-623. Exposure in utero to 2,2',3,3',4,6'-hexachlorobiphenyl (PCB
41. Srivastava RKTaylor MF Mann DR. Efect of immobilization 132) impairs sperm function and alters testicular apoptosis-
stress on plasma luteinizing hormone, testosterone, and related gene expression in ratfspiing. Toxicol Appl
corticosterone concentrations and ofi-f®droxysteroid Pharmacol 2007; 221: 68-75.
dehydrogenese activity in the testes of adult Rats: Soc Exp 61.Sikka SC. Relative impact of oxidative stress on male
Biol Med 1993; 204: 231-235. reproductive functionCurr Med Chem 2001; 8: 851-862.
42. Sapolsky RM. 8ess-induced suppression of testicular 62. Sheweita SATilmisany AM, Al-Sawaf H. Mechanisms of
function in the wild baboon. Role of glucocorticoids. male infertility: role of antioxidantCurr Drug Metab 2005;
Endocrinology 1985; 116: 2273-2278. 6: 495-501.

43. Kostic T, Andric S, Kovacevic R, Maric DThe efect of 63.Saradha B, Mathur PP Effect of environmental
opioid antagonists in local regulation of testicular response contaminants on male reproductio&Environ Toxicol
to acute stress in adult raferoids 1997; 62: 703-708. Pharmacol 2006; 21: 34-41.



64. Midzak AS, Chen H, Papadopoulds Zirkin BR. Leydig
cell aging and the mechanisms of reduced testosterone
synthesisMol Cell Endocrinol 2009; 299: 23-31.

65.Hales DB, DiemerT, Hales KH. Role of cytokines in
testicular functionEndocrine 1999; 10: 201-217.

66. OmuraT, Morohashi K. Gene regulation of steroidogenesis.
J Seroid Biochem Mol Biol 1995; 53: 19-25.

Received:January 27, 2015
Accepted:July 1, 2015

Author's address: DHussein FSakr Medical Physiology
Department, Faculty of Medicine, Mansoura UniverspO
Box: 35516, Mansoura, Egypt.

E-mail: sakr_doctor@yahoo.com

527



