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Introduction
GCs are extraordinary hormones that influence the activ-
ity of almost every cell in the body. They modulate the
expression of approximately 10% of our genes, and are
essential for life but are also increasingly implicated in
the pathogenesis of disease and produce many unwanted
effects when given therapeutically [1]. In therapeutic
concentrations, GCs are strongly immunosuppressive
and anti-inflammatory, which has made them one of the
most prescribed drugs worldwide [2].

Some evidences have been shown that elevation of
GC concentration precedes a decline in testosterone con-
centration in the male. Presence of testosterone is essen-
tial for normal function and survival of the germ cells in
seminiferous tubules [3-6]. It seems clear that, when the

testicular environment can not support spermatogenesis,
a specific pathway leading to germ cell apoptosis is acti-
vated [7].

Abnormally accelerated apoptosis of germ cells may
lead to an imbalance of cell proliferation and death,
resulting in spermatogenic impairment [6]. Two major
proapoptotic pathways have been defined in mammalian
cells. One initiated at the cell surface via FasL/Fas sys-
tem and the second occurring in the mitochondria includ-
ing Bax [8]. Bax translocates to the outer mitochondrial
membrane and form a channel during apoptosis. Apop-
totic signals cause to release cytochrome-c from this
channel into the cytosol. In the cytosol cytochrome-c ini-
tiates a proteolytic cascade that leads to apoptotic cell
death [9]. In present study, we have investigated the
effects of Dex on apoptosis and expression of Bax in the
mouse testicular germ cells.

Materials and methods
Animals. NMRI male mice weighing 25-30 g were kept in indi-
vidual stainless steel cages under standardized conditions (constant
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temperature and humidity, 12-hour light-dark cycle). Food and
water were freely available. The animals were randomly divided
into six groups, each of 8 animals. The experimental groups (E1-
E3) received intrapritoneal injections of 4 (E1), 7 (E2) and 10 (E3)
mg/kg Dex (Dexamethasone phosphate dissolved in 0.9% saline)
on 7 consecutive days. Control groups (C1-C3) were injected with
0.9% saline in equal volumes as for the experimental groups. Since
TUNEL and immunohistochemical analysis showed no significant
differences between three controls, all data were combined into
one control group (C). One day after the last injection animals were
sacrificed by decapitation under ether anesthesia. The testes were
excised, fixed in formalin solution for 48 h and embedded in paraf-
fin wax. Five ?m-thick sections were prepared by using Leitz
microtome for subsequent immunohistochemistry and deoxy-
UTP-digoxigenin nick end labeling (TUNEL) studies. 

Immunohistochemistry. Five-micron thick tissue sections were
deparaffinized in xylol and hydrated in decreasing series of
ethanol. Endogenous peroxidase activity was blocked by incuba-
tion in methanol containing 0.3% H2O2 for 15 min at room tem-
perature, followed by a rinse in 0.1 M phosphate buffered saline
(PBS; pH 7.4) for 5 min. The sections were then treated with cit-
rate baffer (pH 6) for 15 min at 98°C as antigen retrieval. Before
application of specific primary antibodies, nonspecific background
staining was prevented by incubation with goat serum diluted 1:10
v/v in PBS for 50 min. Then the sections incubated overnight at
4°C with primary antibodies, including the monoclonal antibody
against Bax (Mouse Monoclonal anti-Bax; sc: 7480, Santa Cruz) at
1/100 diluted in PBS containing 10% normal goat serum (NGS).
After washing twice with PBS the sections were incubated with
secondary antibody biotinylated anti-mouse IgG (Santa Cruz ABC
Peroxidase Mouse IgG Staining Kit) at 1/100 for 50 min. Then the
speciments were incubated with peroxidase- conjugated avidin-
biotin for 30 min at room temperature. After washing, the sections
were incubated with diaminobenzidine (DAB) as chromogen, and
counterstained with haematoxyline. Negative control was per-
formed by omitting anti-Bax antibody. Mouse thymus was used as
a positive control.

Three immunohistochemical slides from each animal were
blindly assessed and staining intensity was estimated using a semi-
quantitative score, H-score, as previously described [10,11]. 

The H-score was calculated for each section by application of
the following algorithm: 

HSCORE = ΣPi(i+1), 

where i is the intensity of staining (0 – no staining, 1 – weak,
2 – moderate, 3 – strong) and Pi is the percentage of stained cells
for each intensity (0 to 100%). For each mouse, at least 10 tubules/
stage were used. The stages were identified according to the crite-
ria proposed by Russell and coworkers for paraffin sections. This
method provides 12 stages of the spermatogenic cycle in mice [12].
H-score assessment was repeated at least 3 times for each section
by 3 workers.

Measurement of apoptosis. The deoxyuridine nick-end labeling
(TUNEL) assay for apoptotic cell detection was performed with
the In-Situ Cell Death Detection kit (POD kit, Roche, Germany).
Briefly, dewaxed tissue sections were predigested with 20 μg/ml
proteinase K for 20 min and incubated in phosphate buffered saline
solution (PBS) containing 3% H2O2 for 10 min to block the endo-
geous peroxidase activity. After incubating in 0.1% triton X-100 in
0.1% sodium citrate for two min on ice (4°C), the sections were
incubated with the TUNEL reaction mixture, fluorescin-dUTP for
60 min at 37°C. The slides were then rinsed three times with PBS
and incubated with secondary antifluorescine-POD-conjugate for
30 min. After washing three times in PBS, diaminobenzidine-
H2O2 (DAB, Santa Cruz, USA) chromogenic reaction was added
to the sections. As a control for method specificity, the step using

the TUNEL reaction mixture omitted in negative control section,
and nucleotide mixture in reaction buffer was used instead. A cell
was considered TUNEL-positive when the nuclear staining was
intense, dark brown and homogenous. Apoptotic index (AI) was
calculated by dividing the number of TUNEL-positive germ cells
in a randomly focused seminiferous tubule by the total number of
germ cells in that tubule and the result was multiplied by 100. The
AIs of 10 randomly selected tubules for each spermatogenic stage
were evaluated and the mean AI of each case was calculated. 

Statistical analysis. Data analysis was performed using ANOVA
followed by LSD test. P<0.05 was considered as the borderline of
statistic significance.

Results
Expression of Bax 
In C group, Bax was localized in cytoplasm and nucle-
us of spermatogonia (Fig. 1). In E1 group, the pattern
of immunoreactivity in spermatogonia was similar to
the C group. Weak immunoreactivity was observed in
cytoplasm of spermatocytes. No detectable immunos-
taining was observed in spermatids (Fig. 2). H-score
evaluation showed no significant difference in com-
parison to C group (p>0.05). In E2 group, all types of
germ cells showed positive immunostaining. The pat-
tern of immunoreactivity in spermatogonia was similar
to the C group. Bax localized in cytoplasm of some of
the primary spermatocytes and spermatids (Fig. 3). H-
score evaluation showed the significant increase of
Bax expression at stages IV-VI and VII-VIII of sper-
matogenic cycle (p<0.05).

In E3 group, all types of germ cells showed strong
immunorectivity. The pattern of Bax expression in
spermatogonia was similar to the C group. Bax was
strongly detected in the cytoplasm of the Primary sper-
matocytes. Bax expression was also observed in some
of the primary spermatocyte nuclei. Strong or moder-
ate immunoreactivity was observed in cytoplasm of
spermatids (Fig. 4). H-score assessment showed sig-
nificant difference in stages of IV-VI, VII-VIII and IX-
XII (p<0.05). No expression of Bax was observed in
Sertoli cells or Leydig cells in control and three exper-
imental groups. The results of H-score assessments are
reported in Fig. 9.

Assessment of germ cell apoptosis
In C group, spermatogonia showed a low frequancy of
apoptosis in different stages (Fig. 5). In E1 group,
TUNEL-reactivity was observed in some of the sper-
matogonia and primary spermatocytes (Fig. 6). There
was no significant change in the AI between E1 and C
group (p>0.05). 

In E2 group, all types of germ cells showed
TUNEL-positive reaction (Fig. 7). The AI of germ
cells significantly increased in all stages of spermato-
genic cycle apart from stages I-III. 
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In E3 group, all types of germ cells showed
TUNEL-positive staining (Fig. 8). The AI of germ
cells significantly increased in all stages of spermato-
genic cycle, particularly in stages of VII-VIII. The
results of the AIs of germ cells reported in Fig 10.  

Sertoli cells showed TUNEL staining in both E2
and E3 groups. AIs of Sertoli cells were significantly
increased in E2 (36.4 ± 6.5% vs. 0%; p<0.01) and E3
(44.8 ± 9.3% vs. 0%; p<0.01) 

Discussion
In this study, we have shown that Dex causes increase of
Bax expression in testicular germ cells. The expression
of Bax protein in testicular germ cells was not random
but was highly selective. Stages of VII-VIII were the
most susceptible to apoptotic effects of Dex. Previous
studies have shown that GC agents induce apoptosis in
testis by decreasing the testosterone levels [13-15].  
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Fig. 1-8. Bax-immunodetection
(Figs. 1-4) and TUNEL staining
(Figs. 5-8) in the testis of control
and experimental mice. Fig. l.
Immunolocalization of Bax in C
group;showing strong immunore-
activity only in spermatogonia
(magnification ×1000). Fig. 2.
Immunolocalization of Bax in E1
group; with strong immunoreactiv-
ity in spermatogonia and weak
immunoreactivity in a few numbers
of the primary spermatocytes (mag-
nification ×1000). Fig. 3.
Immunolocalization of Bax in E2
group;showing strong immunos-
taining in spermatogonia with weak
or moderate immunostaining in pri-
mary spermatocytes and spermatids
(magnification ×1000). Fig. 4.
Immunolocalization of Bax in E3
group; showing strong immunos-
taining in spermatogonia and pri-
mary spermatocytes with strong or
moderate immunoreactivity in
spermatids (magnification ×200).
Fig. 5. TUNEL-positive reaction in
C group;with positive staining in a
few spermatogonia (magnification
×200). Fig. 6. TUNEL-positive
reaction in E1 group; some of the
spermatogonia and spermatocytes
are stained (magnification ×200).
Fig. 7. TUNEL-positive reaction in
E2 group;showing positive reaction
in all types of germ cells and sertoli
cells (magnification ×250). Fig. 8.
TUNEL-positive reaction in E3
group; with positive staining in
majority of germ cells and Sertoli
cells (magnification ×200). SG:
spermatogonia, PS: primary sper-
matocytes, ST: spermatid, S: Ser-
toli cell.



Sinha et al. have shown that deprivation of
gonadotropins and testosterone by GnRH antagonist
treatment is followed by a stage -specific increase in
germ cell apoptosis [5]. A number of studies have
shown that stages VII-VIII of the rat spermatogenic
cycle exhibit the strongest levels of immunohisto-
chemically detectable androgen receptore expression
and are considered to be an androgen dependent [16-
18]. In this study we showed Dex can increase Bax
expression in mouse testicular germ cells mainly at
androgen dependent stages. After androgen withdraw-
al using Diethylstilbestrol, a strong estrogenic com-
pound, the expression of Bax is up-regulated [19].
Thus, the induction of Bax may play a role in germ cell
apoptosis following androgen withdrawal. 

It is possible that high susceptibility to apoptosis
evidenced by Bax expression does not necessarily
commit all Bax-immunopositive cells to the apoptotic
cell death. For this reason we applied the TUNEL
method. This method is based on the detection of
oligonucleosomal DNA fragments which are charac-
teristic of cells in the later stages of the apoptotic
process [20]. The measurement of apoptosis showed
an increase in germ cell apoptosis after Dex treatment.
The present data are consistent with the results of other
investigators who demonstrated that Dex induces tes-
ticular germ cell apoptosis in rats [21].           

The reason responsible for the increased apoptosis
induced by Dex in germ cells is not known. Although
the endocrine control in testicular function is clear, the
complexity of the intratesticular events highlights the
importance of regulatory mechanisms and interactions.
Growth factors and cytokines are also involved in con-
trol mechanisms influencing testicular apoptosis
through paracrine and autocrine mechanisms [22].
Intratesticular androgens, secreted by Leydig cells,
also play an important paracrine role in preventing
germ cell degeneration [23]. Bernier et al. showed that
Dex and other synthetic GCs exert a direct inhibitory
effect on testosterone production by Leydig cells in

vitro [15]. In addition to the inhibition of androgen
biosynthesis, excessive exposure to GC in rodents ini-
tiate apoptosis in rat Leydig cells [24].

In contrast previous studies, which showed Dex
induces apoptosis in Leydig cell [24, 25], we demon-
strated that Leydig cells were TUNEL negative in Dex
treated mice. Thus, the increase of Bax expression in
testicular germ cells is probably related to the inhibition
effect of Dex on androgen biosynthesis in Leydig cells.

In present study, androgen-independent stages of
spermatogenic cycle also showed TUNEL-reactivity
and Bax expression in both E2 and E3 groups. Thus,
we thought that the increasing of apoptosis can not be
exclusively due to hormonal influence. In this study
some of the Sertoli cells in Dex treated mice showed
TUNEL positive reaction. Presence apoptosis in Ser-
toli cells may cause these cells loss their supporting
action on germ cells, and this may stimulate different
apoptotic signaling pathways in germ cells. There was
no detectable Bax imunoreactivity in Sertoli cells,
while these cells showed TUNEL-positive staining.
This suggests that other apoptotic factors are involved
in Dex induced apoptosis in testicular tissue.  

In conclusion, our results suggest that increased
Bax expression induced by Dex is related to induction
of apoptosis in the mouse testicular germ cells. The
mechanism by which Dex induces testicular germ cell
apoptosis is not property known.  Further experiments
are needed to clarify the mechanisms of the effect of
Dex on different apoptotic signaling pathways in tes-
ticular tissue. 
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