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Objective. The aim of this study was to investigate protective effects of resveratrol, a strong antioxidant, against possible negative
effects of chronic immobilization stress on testes of male rats histochemically, immunohistochemically, ultrastructurally, and
biochemically. Material and Methods. Male Wistar rats were divided into 4 groups (𝑛 = 7). Group I, control group (C), was not
exposed to stress. Group II, stress group (S), was exposed to chronic immobilization stress. In Group III, low dose resveratrol +
stress group (LRS), rats were given 10mg/kg/day resveratrol just before the stress application. In Group IV, high dose resveratrol +
stress group (HRS), rats were given 20mg/kg/day resveratrol just before the stress application. For chronic immobilization stress
application animals were put in the plastic tubes (6 cm in diameter, 15 cm in length) during 32 days for 6 hours. All animals were
sacrificed 18 hours after the last stress application. Results. Histochemical and ultrastructural investigations showed that in stress
group there was germ cell deprivation in seminiferous tubules and increase of connective tissue on interstitial area. No significant
changes were seen in low and high dose resveratrol groups. After immunohistochemical investigations, TUNEL (+) and Active
Caspase-3 (+) cells were increased in seminiferous tubules of stress group compared with those control group, but they were
decreased in low and high dose resveratrol groups. According to biochemically results, MDA, GSH, and testosterone levels in stress
group showed no significant difference when compared with those of the other groups. Conclusion. The chronic immobilization
stress increases oxidative stress and apoptosis and causes histological tissue damages; resveratrol can minimize the histological
damage in testes significantly.

1. Introduction

In this modern world, stress is an unavoidable phenomenon.
Stressful situations can lead to many physiological and psy-
chological alterations [1]. Adverse effects of stress on male
reproductive system have already been described. Stauber
showed how occupational stress in man could affect sperm
concentration, motility, and morphology, with these effects
being reverted after removal of the stress factor [2]. Apoptotic
germ cell death is an important mechanism in testicular
development [3] and elimination of germ cells under normal
physiological and pathological conditions [4, 5].

It has been show that testicular germ cell apoptosis
increases in experimental cryptorchidism [6], local heat
stress [7], immobilisation stress [8–13], vasectomy [14], ische-
mia/reperfusion [15], chronic cigarette smoking [16] and cis-
platin, and chronic alcohol [17] treatment.

Immobilisation stress decreases the activities of catalase,
glutathione peroxidase, glutathione transferase, and glutathi-
one reductase in the interstitium of testes. Stress-induced
stimulation of the testicular Nitric Oxide (NO) signaling a
pathway that leads to the inhibition of both steroidogenic and
antioxidant enzymes [18].

It is well known that resveratrol had antioxidant activity
in the different stress conditions. However, to our the knowl-
edge, there is no study dealing with the relationship between
chronic immobilisation stress-induced apoptosis and resver-
atrol.

In this study we aimed to investigate protective effects
of resveratrol, a strong antioxidant, against possible negative
effects of chronic immobilisation stress on testes of male rats
histochemically, immunohistochemically, ultrastructurally,
and biochemically.
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2. Materials and Methods

Male Wistar rats, weighing about 200–220 g each, were used
in this study.We protected the rights of the animals according
to Guide For the Care and Use of Laboratory Animals and
received approval from Dokuz Eylul University Local Ethics
Committee for Animal Experiments for our experiment. All
animals were subjected to the same conditions; they were
maintained at constant temperature (21 ± 2∘C) and humidity
(50± 5%) on a 12-hour light/12-hour dark cycle (light on from
07:00–19:00 h). They were housed in plastic cages (seven rats
per cage) and fed on standard pellet food and tap water ad-
libitum. The animals were divided into four groups (𝑛 = 7).
Group I, control group, was not exposed to stress and allowed
tomove freely. Group II, stress group, was exposed to chronic
immobilization stress. In Group III, low dose resveratrol +
stress group, rats were given 10mg/kg/day resveratrol by
intragastric route just before the chronic immobilization
stress application. In Group IV, high dose resveratrol + Stress
group, rats were given 20mg/kg/day resveratrol by intra-
gastric route just before the chronic immobilization stress
application.

The animals were immobilized inside plastic tubes
dimensioned to produce stress without promoting pain (6 cm
in diameter × 15 cm long) for 6 h a day over a period of 32
days. Undesirable stress was avoided as much as possible by
gentle handling. The rats in groups III and IV were given
resveratrol (Cayman Chemicals, USA) 10mg/kg/day and
20mg/kg/day, respectively. For group III 100mg/kg resvera-
trol and for group IV 200mg/kg, resveratrol was dissolved
in 100% pure ethanol. All experimental animals were sac-
rificed 18 hours after the last chronic immobilization stress
application by giving ether. The testes were removed and
dissected free from adjacent connective tissue. Left testis was
put in 10% formaldehyde for three days to be fixed, dehy-
drated in alcohol, and embedded in paraffin. The 5 𝜇m thick
sections were cut onto slides. The slides were stained with
hematoxylin-eosin, Masson’s trichrome, periodic acid schiff
(PAS) for histochemical and histometric analysis. The John-
son’s testicular biopsy score, basement membrane thickness,
and diameter of seminiferous tubule measurements were
done for morphometric analysis. For immunohistochemical
staining TUNEL and Active Caspase 3 methods were used. A
little piece of right testis was fixedwithKarnofsky solution for
an ultrastructural analysis. The other piece of right testis was
used for biochemical tests. Testis was washed with cold nor-
mal saline and stored at −80∘C.The level of malondialdehyde
(MDA) and glutathione (GSH)wasmeasured by using proper
kits. The thoracic cavity was opened and blood sample was
taken directly from the heart.The sample was taken in a plain
vial. Serum was separated by centrifugation and stored at
−20∘C for testosterone hormone determinations. All the sam-
ples were collected in the morning in order to minimize the
diurnal variation of testosterone hormone levels. Testoster-
one estimation was done by ELISA method [19].

The body weights were expressed as the median ±
standard deviation (SD). All data were analysed by the
nonparametric Kruskal-Wallis test and subsequent individual

comparisons by the Mann-Whitney 𝑈-test. A 𝑃 < 0.05 was
considered to be statistically significance.

3. Results

In the present study, we observed that body weights of rats in
stress group were decreased significantly compared with the
control, resveratrol low, and high dose groups (𝑃 = 0.02). In
resveratrol low and high dose groups body weights of rats
were increased significantly compared with stress group (𝑃 =
0.02) (Figure 7(a)).

In control group, the seminiferous tubules were bounded
together by loose intertubular connective tissue, which con-
tained fibroblasts, collagen fibers, blood vessels, and groups of
interstitial cells or leydig cells.These cells were large and poly-
hedral with euchromatic nucleus, containing nucleoli. The
cytoplasmwas scanty and poorly stained.The capillaries were
infiltrated among the clumps of leydig cells (Figures 1(a), 2(a),
3(a), and 6(a)).

In stress group, there was a marked reduction in sper-
matogenesis. The architecture of the testis was maintained,
but the germinal epithelium showed disorganization as well
as marked degenerative changes. There was cell debris in the
lumen of tubules as a result of infusion of degenerated germ
cells.The basementmembrane of the tubules was thicker than
the control group. As the seminiferous tubules were reduced
in diameter, the interstitial spaces were increased. The num-
bers of fibroblasts as well as of collagen fibers were also
increased. The cell membrane of leydig cells was poorly
defined, with cytoplasmic vacuolations in many cells. The
nuclei were circular to oval in shape and were smaller as
compared to control groups. The capillary network was well
defined. Fairly a good number of fat cells with large clear
spaces and small eccentric nucleus were observed among the
clumps of leydig cells. Ultrastructural observations showed
that in stress group there was a distinct degeneration in sem-
iniferous epithelium. Basement membrane was thicker than
the control group. Also between Sertoli and germ cells there
was a distinct separation (Figures 1(b), 2(b), 3(b), 6(b), 7(c),
and 7(d)).

In resveratrol low and high dose groups, we observed that
the shape and diameter of seminiferous tubuleswere the same
as those of control group. The thickness of basement mem-
brane was reduced compared with that of stress group. The
germ cells in the tubules were arranged in an order like con-
trol group.The degenerations seen in stress groupwere disap-
peared (Figures 1(c), 3(c), 6(c), 1(d), 3(d), and 6(d)).

As a result of the Johnson’s testicular biopsy score, there
was a significant decrease in stress group compared with the
control group (𝑃 = 0.002). In resveratrol low and high dose
groups, testicular biopsy score means were increased signif-
icantly compared with those of the stress group (𝑃 = 0.002)
(Figure 7(b)).

After immunohistochemical investigations, we observed
that apoptotic cell death was increased significantly in stress
group compared with control group (𝑃 = 0.001) (Figures
4(a)–4(d) and 5(a)–5(d)). In low and high dose resveratrol
groups, TUNEL (+) cells and Active Caspase 3 (+) cells were
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(a) (b)

(c) (d)

Figure 1: (a) C group. Normalmorphology of seminiferous tubules (right red arrow) and inside lining smooth seminiferous epithelium (right
green arrow) (hematoxylin-eosin ×20). (b) S group. In the seminiferous tubules there are separations between germ cells and the basement
membrane (right green arrow) and gaps (right red arrow), and because of pouring degenerated germ cells debris is observed in the lumen
of tubules (right black arrow) (hematoxylin-eosin ×20). (c) LRS group. Damages seen in stress group are greatly reduced (right red arrow)
and in the lumen of seminiferous tubules mature spermiums are observed. (Hematoxylin-eosin ×20). (d) HRS group. Morphology of the
seminiferous tubules is similar to the control group (right red arrow). (Hematoxylin-Eosin ×20).

(a) (b)

(c) (d)

Figure 2: (a) C group. The basal membrane of the seminiferous tubule (right red arrow) has normal thickness (PAS ×100). (b) S group. In
interstitial area connective tissue is increased (red bordeed star); diameter of the seminiferous tubule is reduced and basement membrane of
seminiferous tubule (right red arrow) has become thicker than that of S group (PAS×100). (c) LRS group. Basementmembrane thickness (right
green arrow) and diameter of seminiferous tubules are similar in the C group (PAS ×100). (d) HRS group. Basement membrane thickness
(right green arrow) and diameter of seminiferous tubules are similar in the C group (PAS ×100).
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(a) (b)

(c) (d)

Figure 3: (a) C group. The normal structure of the tunica albuginea (right green arrow) is observed (Masson’s Trichrome ×20). (b) S group.
The increase in connective tissue of the tunica albuginea (right green arrow) is observed (Masson’s Trichrome ×20). (c) LRS group. The
normal structure of connective tissue is observed in interstitial area (right yellow arrow) and tunica albuginea (right green arrow) (Masson’s
Trichrome ×20). (d) HRS group. The normal structure of connective tissue is observed in interstitial area (right yellow arrow) and tunica
albuginea (right green arrow) (Masson’s Trichrome ×20).

(a) (b)

(c) (d)

Figure 4: (a) C group. TUNEL (+) cells (right yellow arrow) are observed (TUNEL ×20). (b) S group TUNEL (+) cells (right yellow arrow)
are observed. (TUNEL ×20). (c) LRS group. TUNEL (+) cells (right yellow arrow) are observed (TUNEL ×20). (d) HRS group. TUNEL (+)
cells (right yellow arrow) are observed (TUNEL ×20).

decreased significantly compared with stress group, (𝑃 =
0.001). However, there was no significant difference between
low and high dose resveratrol groups (𝑃 = 0.3) (Figures 7(e)
and 7(f)).

There was no a significant difference between the four
groups when compared in the way of MDA and GSH levels
in testicular tissue (𝑃 = 0.89). Besides, serum testosterone
levels showed no significant difference in stress group when
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(a) (b)

(c) (d)

Figure 5: (a) C group. Active caspase-3 (+) cells are (right pink arrow) observed (Active Caspase-3 ×40). (b) S group. Active caspase-3 (+)
cells are (right pink arrow) observed (Active Caspase-3 ×40). (c) LRS group. Active caspase-3 (+) cells are (right pink arrow) observed (Active
Caspase-3 ×40). (d) HRS group. Active caspase-3 (+) cells are (right pink arrow) observed (Active Caspase-3 ×40).

(a) (b)

(c) (d)

Figure 6: (a) C group. Spermatogonium (stg) and sertoli cells (se) sitting on properly structured basementmembrane (BM) and above primer
spermatoyte (st1) are observed (Uranyl acetate-lead citrate ×1250). (b) S group. The basement membrane (BM) is thicker and the gaps (red
bordeed star) between germ cells are observed (Uranyl acetate-lead citrate×1250) (c) LRS group.The seminiferous tubule epithelium is similar
to the control group (Uranyl acetate-lead citrate ×1250). (d) HRS group. The seminiferous tubule epithelium is similar to the control group
and cell-cell connection (right red borded arrow) is observed. (Uranyl acetate-lead citrate ×1250).
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Figure 7: (a) Changes in rat weights. #: significant differences versus control. ∗, ∗∗, ∗ ∗ ∗: significant differences versus first weights.
(b) Johnson’s testicular biopsy score. ∗: significant decrease versus control. ∗∗: significant increase versus stress. (c) Changes in diameter
of seminiferous tubules. ∗: significant decrease versus control. ∗∗: significant increase versus stress. (d) Changes in thickness of basement
membrane. ∗: significant increase versus control. (e) Number of TUNEL (+) cells. ∗: significant increase versus control. ∗∗: significant
decrease versus stress. (f) Number of Active Caspase-3 (+) cells. ∗: significant increase versus control. ∗∗: significant decrease versus stress.

compared with that of control and resveratrol low dose
groups (𝑃 = 0.48). In resveratrol high dose group, serum tes-
tosterone level showed a significant increase when compared
with that of stress group (𝑃 = 0.02).

4. Discussion

Stress can be described as the sum total of all the reac-
tions of the body, which disturb the normal physiological

equilibrium and result in a state of threatened homeostasis.
Stress is an internationally recognized phenomenon fortified
by advancement of industrialization and a demanding civi-
lization.Thus, every person today faces stressful situations in
day-to-day life [20].

Stress represents reaction of body to stimuli that tend to
disturb its normal physiological equilibrium or homeostasis
and has been defined as nonspecific response of the body to
any demand imposed on it. Stress, depression, and associated
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mental health problems have increased tremendously in
modern times. Several studies have suggested that stress may
cause infertility by affecting the gonads [21].

The effects of stress that have formed on people are exam-
ined on animals by applying a variety of methods. Immobi-
lization stress method causes both psychological and phys-
iological stress by the restriction of movement, aggression,
feeling of distress, and burnout. Consequently, the immobi-
lization stress model is considered as an easy and convenient
method [13].

As a result of a variety of studies, it has been indicated
that stress induces free radical formation and oxidative tissue
damages [22]. To reduce the effects of stress, which cause
many diseases, substances showing antioxidant properties
were carried out on [21].

In this study, we aimed to investigate protective effects
of resveratrol, a strong antioxidant, against possible negative
effects of chronic immobilization stress on testes of male rats
histochemically, immunohistochemically, ultrastructurally,
and biochemically.

Herman et al. have found that weight loss has occurred as
a result of stress. The reason of weight loss is explained as a
result of reduced feed and water consumption or exhaustion
of body reserves as a result of increased metabolic activity
[23]. In our study, we observed weight loss in stress group in
line with the literature. While there was a statistically signifi-
cant increase between initial and final weights of the subjects
in the C, LRS, andHRS groups, there was a statistically signif-
icant decrease between initial and final weights in the S group.
We believe that the reason of weight loss is reduced feed and
water consumption or exhaustion of body reserves as a result
of increased metabolic activity. We think that resveratrol,
used as an antioxidant, reduced the excessivemetabolic activ-
ity caused by stress or increased water and feed consumption
in LRS and HRS groups compared to S group.

In recent years, the effects of the psychological and phys-
iological stress on male infertility have been researched. As
a result it is reported that, stress causes endocrine disorders
in testes and damages in testicular morphology. Pook et al.
showed in their study that psychological stress in humans
reduces the movement of the sperm and sperm quality which
leads to infertility [24]. Rai et al. clearly demonstrated that
immobilization stress disturbs spermatogenic and endocrine
function of testes [19]. Yazawa et al. reported that stress influ-
ences male reproductive activity and increases the apoptotic
index in the seminiferous tubules of the rat testes. Apoptotic
germ cells, most frequently spermatogonia and primary sper-
matocytes, were detected in the testes of immobilised rats for
2 h daily on 7 consecutive days [13]. In parallel with these
studies, we observed widely tubule damages histochemically
and developed apoptosis immunohistochemically in testes of
rats exposed to chronic immobilization stress.

It is considered that the increase in the level of blood
serum cortisol is an indicator of organism’s response to stress
[13, 25]. Andersen et al. have used many different animal
models of stress (physical inactivity, buoyancy, insomnia, and
cold application), and they have reported that immobilization
stress model increases cortisol levels and decreases testos-
terone levels as the other models. They have showed that

this hormonal profile disrupts testicular function [26]. Palma
et al. applied 1-hour acute immobilization stress in their study.
They have reported a significant increase in blood cortisol
levels which is an indicator of stress [27]. In stress situations,
secretion of glucocorticoids increases and inhibits the repro-
duction.Thus it is thought that stress inhibits reproduction by
way of the glucocorticoids. Tilbrook et al. have showed that in
prolonged stress gonadotropin secretion is suppressed; there-
fore reproduction is inhibited [28].

There are some other studies that show increased glu-
cocorticoid levels in the bloodstream during stress [13, 25].
Yazawa et al. applied immobilization stress for 2 h daily on 7
consecutive days to rats. They have observed that there was
an increase in serum cortisol levels and a decrease in testos-
terone levels of stress group [13]. Demura et al. studied the
endocrinological response of acute immobilization stress and
reported a decrease in plasma testosterone level [10]. Akin-
bami et al. also reported a decrease in plasma testosterone
level after acute immobilization stress [29]. Kostić et al.
reported that acute immobilization stress causes significant
decrease in serum testosterone level [30]. As a result of the lit-
erature research, we found that acute stress causes a decrease
in testosterone levels. Pollard et al. reported significant eleva-
tion in serum testosterone level following a prolonged expo-
sure to psychological stress. He believed that the decreased
hepatic clearance of testosterone could be responsible for
it [31]. In our study, we observed no significant difference
between C and S groups. Low testosterone levels, observed in
acute stress, could not be observed after chronic stress. In this
casewe suggest that the subjects showed a physiological adap-
tation to chronic stress. In LRS group, there was a statistically
significant decrease in serum testosterone levels compared
with those of the S group. However in HRS group there was a
statistically significant increase in serum testosterone levels
compared with those of the S group. As a result; we are of the
opinion that high dose resveratrol is more defensive than low
dose resveratrol against the chronic stress.

Gao et al. showed glucocorticoids control mitosis and
apoptosis induction in testicular cells [25]. Yazawa et al. used
TUNEL method to show advanced apoptosis in series of
spermatogenic cells after chronic stress [13]. In other study,
Yazawa et al. gave glucocorticoids from the outside to rats and
showed the increase in the level of the cortisol in blood. As a
result of this, they showed germ cell apoptosis using TUNEL
method again [32]. In our study, in order to show apoptosis
in testis immunohistochemically we used TUNEL and Active
Caspase-3 staining methods. As a result of exposure to
chronic stress, apoptosis was significantly higher in stress
group than in control group. In stress group, the number of
TUNEL (+) and Caspase 3 (+) cells was increased signifi-
cantly than the cells in control group.The results of our study
support the literature.

In the literature, it has been shown that there is a relation-
ship between immobilization stress, lipid peroxidation, and
protein oxidation. Baraboı̌ reported in his study that immo-
bilization stress increases the synthesis of corticosterone,
serotonin, and catecholamine hormones which play a role in
stress, and these hormones make tissue injury by inducing
lipid peroxidation in various organs [22]. Liu et al. examined
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the effect of immobilized stress-induced oxidative stress in
lipid, protein, andDNAdamage of the rat brain [33].Davydov
and Shvets examined the activity of lipid peroxidation in the
hearts of adult and old rats during immobilization stress [34].
Sosnovskĭı et al. studied the effects of stress on the brain, liver,
stomach, and red blood cells using a variety of stress models,
and the mechanisms of tissue damage [35]. Şahin and
Gümüşlü examined the effects of immobilization stress on
antioxidants, protein, and lipid peroxidation of various tis-
sues [36]. In our study, we showed the testicular damage,
caused by chronic immobilization stress, by measuring the
levels of MDA (Malondialdehyde) as a marker of oxidative
stress. Our findings are not statistically significant. In the
literature, there is not any data evaluating the level of MDA
after testicular damage caused by chronic immobilization
stress.

GSH (Glutathione) is a main product that occurs after
oxidative cell injury. The decrease in GSH levels in tissues is
an important factor that shows the tissue damage and lipid
peroxidation [37]. Musch et al. stated that the agents affect
the lifestyle adversely and that oxidants under the influence
of stress reduces the level of cellular GSH [38]. Seçkin et al.
showed the decrease in the activity of antioxidant enzymes
during stress period in their study [39]. Şahin and Gümüşlü
reported the increasedMDA levels and decreased GSH levels
in brain and stomach of rats in stress group [36]. In our study,
we measured the levels of GSH produced in the testis against
the damage of chronic immobilization stress. Our findings
are not statistically significant. In the literature, there is not
any data evaluating the level of GSH after testicular damage
caused by chronic immobilization stress.

Resveratrol has strong effects as an antioxidant and is
commonly used in recent studies. Juan et al. showed that
transresveratrol has a therapeutic effect on spermatogenesis
and testis of the adult rats. They also reported that there is an
increase in the production of spermatozoa in rats with oral
resveratrol treatment [40]. In parallel with the literature, we
observed an increase in the production of spermatozoa in
resveratrol groups compared to that of the stress group. In
various experimental models, antiapoptotic effect of resvera-
trol is shown [41, 42]. In our study, we observed that in resver-
atrol groups the number of TUNEL (+) and Active Caspase-3
(+) cells was decreased significantly compared to that of the
stress group.

Wang et al. showed in their study that resveratrol
increases levels of GSH in tissues [43]. In testicular ischemia
model Uguralp et al. indicated that resveratrol increases GSH
levels [44]. Sener et al. reported that resveratrol increases
tissue GSH levels after ischemia [45]. Botelho et al. observed
that resveratrol had no effect on markers of oxidative stress
[46]. In parallel with the literature, as a result of our study, we
did not observe any positive effect of resveratrol onMDA and
GSH levels in testis.

Ultrastructurally, we showed that resveratrol prevented
the testicular damage caused by stress. Testicularmorphology
observed in resveratrol groups is similar to that observed in
the control group.

5. Conclusion

This study has demonstrated that resveratrol prevented the
negative effects of chronic immobilization stress on testes of
male rats.
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