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This work aimed to investigate the role of diabetes on cell proliferation, and apoptosis in
testis. The rats were randomly allotted into one of two experimental groups: control and
diabetic group; each group contain 10 animals. Diabetes was induced by a single intra-
peritoneal injection of STZ (50 mg/kg). Testicular damage was examined by using he-
matoxylin and eosin, immunohistochemical staining of proliferating cell nuclear antigen
(PCNA), and apoptosis was determined by terminal-deoxynucleotidyl-transferase medi-
ated dUTP nick end labeling (TUNEL). Potential disorders associated with seminiferous
tubular sperm formation were evaluated using the Johnsen score. The mean seminiferous
tubule diameter (MSTD) and mean testicular biopsy score (MTBS) values were signifi-
cantly decreased in diabetic group was compared to the control group. Our data indicate
a significant reduction in the expression of PCNA and an enhancement in the activity of
TUNEL in testis tissues of the diabetic group. The effects of diabetes on spermatogenesis
can be clearly detected as a testicular cell death and decrease in MTBS, MSTD, and

PCNA expression.
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1. Introduction

Diabetes mellitus is a common health problem and a seri-
ous metabolic disorder associated with many functional and
structural complications. Diabetes mellitus has adverse ef-
fects on male sexual and reproductive functions in diabetic
patients and animals (Sainio-Pollanen et al., 1997; Sexton et
al., 1997; Baker et al., 1998; Meyer et al., 2000).

Male reproductive alterations have been widely reported
in model animals and human with diabetes (Ballester et al.,
2004). Streptozotocin induced diabetes in male rats resulted
atrophy of sex organ, changes in histoarchitecture of ventral
prostate, diminution in sperm count (Sing et al., 2005), along
with low levels in plasma gonadotrophins (Seethalakshmi
et al., 1987) and testosterone (Sanguinetti et al., 1985). The
copulatory behavior of diabetic rat has been collapsed along
with low fertility in induced normal mating (Scarano et al.,
2006). In human, diabetes is associated with erectile dysfunc-
tion (Takahashi et al., 1997) along with loss of libido (Kim et
al., 2006) and abnormal morphology of sperm, low plasma
levels of gonadotrophins and testosterone (Dinulvic et al.,

1990).

Apoptosis, known as programmed cell death, is a form of
cell death that serves to eliminate dying cells in proliferating
or differentiating cell populations. Apoptosis control is criti-
cal for normal spermatogenesis in the adult testis (Oksanen,
1975; Sinha Hikim and Swerdloff 1999). The testis is sen-
sitive to environmental exposure-induced cellular damage.
Apoptosis of germ cells may occur during nonphysiological
stresses such as diabetes, ischemia, hyperthermia and radi-
ation (Collin et al., 1996; Cai et al., 1997). Recent studies
have shown increased apoptosis in the seminiferous tubule of
streptozotocin (STZ)-induced diabetic mice and rats (Cai et
al., 1997; Sainio-Pollanen et al., 1997; Cai et al., 2000). The
mechanisms of diabetes-related apoptosis are unclear. How-
ever, current studies have indicated that diabetes-mediated
oxidative stres can induce apoptosis (Allan et al., 1992; Re-
iter et al., 2000).

Proliferative cell nuclear antigen (PCNA) is a well-known
36-kD nuclear matrix protein. It has been used as a marker for
the DNA synthesis because of its maximal expression during
the S and G2 phases of the cell cycle. It is only absent during
the GO phase. PCNA has a biological half-life of 20 hours.
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It is an auxillary protein of DNA polmerase and is involved
in the repair of DNA. The efficiency of spermatogenesis de-
pends on the proliferative activity of spermatogonia and the
loss of germ cells during meiosis and spermiogenesis (Steger
et al., 1998). PCNA is useful for the diagnosis of germinal
arrest because there are significantly reduced PCNA levels
in germinal arrest, which is an indication of DNA synthesis
deterioration (Zeng et al., 2001).

The aim of the present study, a detailed histopathological
examination was performed, the role of diabetes on cell pro-
liferation, and apoptosis in rat testis.

2. Material and methods

Animals

Twenty healthy male Wistar albino rats, weighing 200-250 g
and averaging 16 weeks old were utilized in this study. Rats
were fed a standard rat chow and tap water ad libitum. In the
windowless animal quarter automatic temperature (22+2°C)
and lighting controls (light on at 07 AM and off at 09 PM:
14 h light/10 h dark cycle) was performed. Humidity ranged
from 50% to 55%. All animals received human care accord-
ing to the criteria outlined in the “Guide for the Care and
Use of Laboratory Animals” prepared by the National Acad-
emy of Sciences and published by the National Institutes of
Health. The study was approved by the Institutional Animal
Ethical Committee of the Namik Kemal University, Tekirdag,
Turkey.

Experimental design
The rats were randomly allotted into one of two experimental
groups: control, and diabetic group; each group contain 10
animals.

Experimental procedures
Diabetes was induced by a single intraperitoneal (i.p.) injec-
tion of STZ (50 mg/kg, freshly dissolved in 5 mmol/L citrate
buffer, pH 4.5). Two days after STZ treatment, development
of diabetes was confirmed by measuring blood glucose levels
in tail vein blood samples. Rats with blood glucose levels of
250 mg/dL or higher were considered to be diabetic. Diabetes
was confirmed by Ames One Touch Glucometer (LifeScan,
Johnson and Johnson, New Brunswick, NJ, USA). Control
rats were injected with the same volume of isotonic NaCl as
the diabetic animals that received STZ.

At the end of the experiment, all animals were anesthe-
tized by intraperitoneally administration of 90 mg/kg ket-
amine and 10 mg/kg xylazine. The anesthetized rats were
sacrificed after 8 weeks and testis tissues were removed for
histopathological investigation.

Histopathologic evaluation
The testis specimens were embedded in the paraffin blocks
after they had been fixed in Bouin’s solution. Sections of 5
um were obtained, deparaffinized and stained with hematox-
ylin and eosin (H&E). The testis tissue was examined and
evaluated in random order under blindfold conditions with
standard light microscopy. Three slides prepared from the
upper, lower, and midportions of the testis were evaluated
completely for each testis. Mean seminiferous tubule diam-
eter (MSTD) was measured in micrometers. Spermatogen-
esis was assessed histopathologically using Johnsen’s mean
testicular biopsy score (MTBS) criteria (Johnsen, 1970). A
score of 0—10 was given to each tubule according to epithe-
lial maturation. Testicular injury and spermatogenesis were

graded as described by Johnsen (1970). A score of 1 indi-
cated no seminiferous epithelial cells and tubular sclerosis. A
score of 2 indicated no germ cells, only Sertoli cells. A score
of 3 indicated spermatogonia only. A score of 4 indicated no
spermatids, few spermatocytes, and an arrest of spermato-
genesis at the primary spermatocyte stage. A score of 5 in-
dicated no spermatids and many spermatocytes. A score of 6
indicated no late spermatids, few early spermatids, an arrest
of spermatogenesis at the spermatid stage, and a disturbance
of spermatid differentiation. A score of 7 indicated no late
spermatids and many early spermatids. A score of 8 indicated
few late spermatids. A score of 9 indicated many late sper-
matids and a disorganized tubular epithelium. A score of 10
indicated full spermatogenesis. Preparations were evaluated
with a bright field microscope (Nikon Optiphot 2, Tokyo) and
photographed.

Evaluation of germ cell apoptosis
Germ cell apoptosis were evaluated by the TUNEL assay.
The TUNEL method, which detects fragmentation of DNA
in the nucleus during apoptotic cell death in situ, was em-
ployed using an apoptosis detection kit (TdT-FragelTM DNA
Fragmentation Detection Kit, Cat. No. QIA33, Calbiochem,
USA). All reagents listed below are from the kit and were
prepared following the manufacturer’s instructions. Five-pm-
thick testis tissue sections were deparaffinized in xylene and
rehydrated through a graded ethanol series as described pre-
viously. They were then incubated with 20 mg/ml proteinase
K for 20 minutes and rinsed in TBS. Endogenous peroxidase
activity was inhibited by incubation with 3% hydrogen per-
oxide. Sections were then incubated with equilibration buf-
fer for 10-30 second and then TdT-enzyme, in a humidified
atmosphere at 37°C, for 90 minutes. They were subsequently
put into pre-warmed working strength stop/wash buffer at
room temperature for 10 minutes and incubated with blocking
buffer for 30 minutes. Each step was separated by thorough
washes in TBS. Labelling was revealed using DAB, coun-
ter staining was performed using Methyl green, and sections
were dehydrated, cleared and mounted.

Quantitative analysis of testicular apoptosis in control,
and diabetic groups was estimated according to Hu et al.
(2003). To quantity the incidence of apoptosis, the seminif-
erous tubules containing three or more apoptotic cells by
TUNEL stain were calculated. The apoptosis percentage was
calculated by the ratio of the positive seminiferous tubules
of apoptosis to the total number of seminiferous tubules in a
cross section.

Immunohistochemical staining
The harvested testis tissues were fixed in Bouin’s, embed-
ded in paraffin and sectioned at 5 um thickness. Immunocy-
tochemical reactions were performed according to the ABC
technique described by Hsu et al., (1981). The procedure in-
volved the following steps: (1) endogenous peroxidase activ-
ity was inhibited by 3% H,0, in distilled water for 30 min;
(2) the sections were washed in distilled water for 10 min; (3)
non-specific binding of antibodies was blocked by incubation
with normal goat serum (DAKO X 0907, Carpinteria, CA)
with PBS, diluted 1:4; (4) the sections were incubated with
specific monoclonal anti-PCNA antibody (Cat. # MS-106-B,
Thermo LabVision, USA) diluted 1:50 for 1h at room tem-
perature; (5) the sections were washed in PBS 3 x 3 min; (6)
the sections were incubated with biotinylated anti-mouse IgG
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(DAKO LSAB 2 Kit); (7) the sections were washed in PBS 3
x 3 min; (8) the sections were incubated with ABC complex
(DAKO LSAB 2 Kit); (9) the sections were washed in PBS
3 x 3 min; (10) peroxidase was detected with an aminoethyl-
carbazole substrate kit (AEC kit; Zymed Laboratories); (11)
the sections were washed in tap water for 10 min and then
dehydrated; (12) the nuclei were stained with hematoxylin;
and (13) the sections were mounted in DAKO paramount. All
dilutions and thorough washes between steps were performed
using phosphate buffered saline unless otherwise specified.
All steps were carried out at room temperature unless other-
wise specified. As a negative control, primary antibody was
replaced with PBS.To quantity the incidence of PCNA, 10
seminiferous tubules were counted in each slide. The cells
with brown nuclear staining were considered positive. Both
stained and nonstained germ cells were counted, and the ra-
tio of stained cells to the total number of germ cells, “PCNA
index,” was calculated for each seminiferous tubule. The
average PCNA index in each case was obtained by dividing
the sum of all PCNA indices by the number of seminiferous
tubules in which the calculation was carried out (Altay et al.,
2003).
Statistical analysis

All statistical analyses were carried out using SPSS statisti-
cal software (SPSS for windows, version 11.0). All data were
presented in mean (£) standard deviations (S.D.). Differences
in measured parameters among the three groups were ana-
lyzed with a nonparametric test (Kruskal-Wallis). Dual com-
parisons between groups exhibiting significant values were
evaluated with a Mann—Whitney U-test. These differences
were considered significant when probability was less than
0.05.
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Fig. 1. Light microscopy of testicular tissue in different groups. (a):
In controls, normal testicular architecture was seen; (b): Af-
ter STZ induced, severe testicular damage was noted (H&E,
scale bar, 50 um). (c,d): MSTD and MTBS level of control
and diabetic rats. It was observed that the MSTD and MTBS
level of the diabetic group were statistically significantly
lower when compared to control group, (a,p < 0.01).

3. Results
Histopathological changes
Control testes showed the presence of normal testicular ar-

chitecture and regular seminiferous tubular morphology with
normal spermatogenesis (Fig. 1a). In the testes of diabetic
rats, the size of the seminiferous tubules was strongly re-
duced when the morphology of the epithelium was severely
impaired. Also in diabetic rats, atrophy of the tubules with
varying degree of spermatogenetic arrest was detected (Fig.
1b).

The MSTD and MTBS values for testis in each group
are shown in Table 1. Interestingly, it was observed that the
MSTD and MTBS of the diabetic group were statistically sig-
nificantly lower when compared to control group (P<0.01),
(Fig. 1c, d).
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Fig. 2. Representative photographs of TUNEL staining in testes of
control (a) and STZ-induced diabetic rats (b). Positive cells
of TUNEL staining were increased in diabetic rats. Arrows
indicate positive cells. Scale bars = 50 pm. (c¢), Quantitative
analysis of apoptosis in the testes. The apoptosis index was
calculated as the ratio of apoptosis-positive seminiferous
tubules to the total number of seminiferous tubules. (a,p <
0.01) compared to control group.

Evaluation of germ cell apoptosis

Apoptotic cells in testes of control and diabetic rats were
identified by TUNEL staining. Only a few TUNEL-positive
cells were observed in control animals (Fig. 2a). However,
the number and signal density of TUNEL-positive germ cells
significantly increased in diabetic rats (Fig. 2b). The apop-
totic index was significantly increased in the diabetic group,
compared to that of controls (P<0.01), (Fig. 2c¢).

Evaluation of Immunohistochemical Staining
PCNA-positive cells were strongly detected in the sper-
matogonia and early-stage spermatocytes of the control rats
(Fig. 3a). The number of PCNA-positive germinal cells was
lower in diabetic group than control group (Fig. 3b). The
PCNA index was significantly decreased in the diabetic
group, compared to that of controls (P<0.05), (Fig. 3c).

4. Discussion

In the testicular tissue, MTBS is used to assess histopatho-
logical damage. It is based on the evaluation of progressive
degeneration of the germinal epithelium (Johnsen, 1970;
Uguralp et al., 2004). In the present study, the lowest MTBS
values in testes were found in diabetic group. Another histo-
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Fig. 3. Testicular immunostaining for PCNA in different groups.
(a): In controls, PCNA positive cells were strongly detected
in spermatogonia and early-stage spermatocytes. (b): The
number of PCNA-positive germinal cells was lower in STZ-
induced diabetic group than control group. Arrow: Sper-
matogonia, Arrowhead: Early-stage spermatocytes. Immu-
noperoxidase, haematoxylin counterstain, scale bar, 50 um.
(c):The PCNA indices of the control and diabetic groups.
The PCNA index was calculated as the ratio of PCNA-pos-
itive seminiferous tubules to the total number of seminifer-
ous tubules. (a,p < 0.05) compared to control group.

pathological criterion of testicular damage used in the present
study was the MSTD value, which is also used in the scien-
tific literature to estimate testicular tissue damage (Uguralp et
al., 2004). In the present study, the lowest MSTD value was
also observed in diabetic group, which is similar to results
obtained for MTBS values and is in accordance with previous
studies (Altay et al., 2003).

In this study, the size of the seminiferous tubules was
strongly reduced when the morphology of the epithelium was
severely impaired. Also in diabetic rats, atrophy of the tubules
with varying degree of spermatogenetic arrest was detected.
This observation is in agreement with previous studies (Ricci
et al., 2009).

PCNA expressed in spermatogonia and early phase pri-
mary spermatocytes in all stages of the seminiferous tubules
(Kang et al., 1997) has been used previously to characterize
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