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Malfunction of Sertoli cell secretion leads to testicular 
damage in diabetic rats
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Abstract: In this work, we investigate changes in the secretory function of Sertoli cells in diabetic rats and its cor-
relation with testicular damage. Diabetes was induced by intraperitoneal injection of streptozotocin (55 mg/kg/i.p.) 
in adult rats. Eight weeks later, testicular tissue was harvested. Serum inhibin B (INHB) and testosterone (T) levels 
were measured by ELISA. The levels of secretory proteins, such as androgen-binding protein (ABP) and transferrin 
(TF), were measured by western blot analysis. Testicular damage was evaluated by hematoxylin and eosin staining, 
and apoptosis was identified by terminal-deoxynucleotidyl-transferase-mediated dUTP nick end labeling (TUNEL). 
Seminiferous tubular sperm formation was evaluated by the Johnsen’s score. In diabetic rats, ABP protein levels (P 
= 0.038), serum INHB (P = 0.031), and T levels (P = 0.039) decreased greatly, whereas the decrease in TF protein 
levels (P = 0.247) was not significant. Additionally, TUNEL-positive cells (P = 0.000) increased and the Johnsen’s 
score (P = 0.000) decreased in diabetic testes. These results suggest that the secretory function of Sertoli cells in 
diabetic rats was damaged. The altered secretory function of Sertoli cells may be responsible for disturbed sper-
matogenesis.
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Introduction

Diabetes mellitus (DM) is an increasingly preva-
lent public health threat. Recent studies indi-
cated that male infertility is a major complica-
tion of DM [1, 2]. The adverse effects of DM on 
male semen parameters may be mediated 
through multiple mechanisms including incre- 
ased oxidative stress, altered spermatogene-
sis, degenerative and apoptotic changes in the 
testes, altered glucose metabolism in the 
Sertoli cell blood-testis barrier, and reduced 
serum testosterone levels [3-8].

Sertoli cells, regarded as the nurse cells for 
germ cells, are somatic cells in the seminifer-
ous epithelium that provide nutritional and 
physical support for spermatogenesis [9]. 
Secretory proteins, such as inhibin B (INHB), 
androgen-binding protein (ABP), and transferrin 
(TF), play an important role in spermatogenesis 
[10, 11]. Previous studies indicate that Sertoli 
cells are also affected in a rat model of DM 
induced by injecting streptozotocin (STZ) intra-

peritoneally [7, 12]. However, little is known 
about the effects of DM-associated factors on 
the secretory function of Sertoli cells in rats. In 
this study, we investigated the changes in the 
secretory function of Sertoli cells in diabetic 
rats over 8 weeks, a period that represents one 
spermatogenic cycle.

Materials and methods

Adult male Sprague-Dawley rats, aged 8-9 
weeks and weighing 215-235 g, were obtained 
from Vital River Experimental Animal Center, 
Beijing, China (Certificate No. SCXK (Beijing) 
2012-0001). Rats were housed in individual 
cages with free access to water and laboratory 
chow. They were maintained under a 12 h light/
dark cycle at constant room temperature (22 ± 
1°C) and humidity (60%). All experimental pro-
cedures were performed as approved by the 
local Animal Use Committees of the China-
Japan Friendship Hospital.

Rats were divided into the control group (n = 6) 
and the diabetic group (n = 6). Diabetes was 
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induced by a single intraperitoneal injection of 
STZ (55 mg/kg, Sigma Aldrich, St. Louis, MO, 
USA). The animals were considered diabetic if 
blood glucose values were over 16.7 mmol/L at 
72 h after STZ treatment, using a drop of blood 
obtained by a tail vein puncture. The control 
animals were sham injected with an equivalent 
dose of drug vehicle (0.1 M citrate buffer, pH 
4.5). Eight weeks after STZ injection, the serum 
from sacrificed rats was obtained to measure 
INHB and T concentrations. The testes tissues 
were harvested for western blot and histologi-
cal examination. 

Body and testes weights

Body weights of all animals were weighed at the 
beginning and end of the study. Immediately 
after sacrifice, testes were excised and their 
weights were recorded.

Serum INHB and T

Concentrations of INHB and T in serum sam-
ples were measured with an ELISA kit (CUSABIO, 
China) according to the manufacturer’s proto-
col. Absorbances were measured with an ELISA 
plate reader at a wavelength of 450 nm.

Western blot

Testis cell lysates containing 20 μg protein 
were run on a 10% SDS-polyacrylamide gel and 
then transferred to polyvinylidene fluoride 
membranes. The membranes were blocked 
with 5% non-fat-milk in TBST for 1 h at room 
temperature and then incubated with the pri-
mary antibodies at a dilution of 1:1000 each 
for mouse anti-transferrin (Abcam, Cambridge, 
MA, USA), rabbit anti-androgen binding protein 
(Abcam), mouse anti-beta actin (Zhongshan, 
Beijing, China) at 4°C overnight. The mem-

TUNEL assay

Apoptosis was evaluated by a TUNEL assay 
using an In Situ Cell Death Detection Kit (Roche, 
Germany) according to the manufacturer’s pro-
tocol. The sections were deparaffinized, hydrat-
ed in a series of alcohol, and deproteinized by 
proteinase K (20 μg/mL) for 15 min at 37°C. 
The sections were rinsed and incubated in the 
TUNEL reaction mixture. The sections were 
rinsed, visualized with a converter POD with 
0.02% 3,3’-diaminobenzidine, and counter-
stained with hematoxylin. The apoptosis index 
was defined as the number of apoptotic TUNEL-
positive cells per 50 tubules. Two observers 
blind to the source of testicular tissue per-
formed all measurements. Computerized histo-
morphometric analysis was performed using 
Image-Pro Plus 6.0 software (Media Cyberne- 
tics, Bethesda, MD, USA).

Examination of spermatogenesis

The testis specimens were fixed in 4% parafor-
maldehyde and embedded in paraffin blocks. 
Sections (5 μm) were deparaffinized and stai- 
ned with HE. The histopathological changes in 
testicular tissue were evaluated by the John- 
sen’s testicular score system. Thirty cross-sec-
tioned tubules in each group were evaluated 
systematically, and the Johnsen’s score was 
used to categorize the spermatogenesis [13].

Statistical analysis

Results are presented as mean ± standard 
deviation. Statistical analysis was performed 
by using SPSS 15.0. The significance of differ-
ences of body weight, testis weight, serum 
INHB and serum testosterone between DM and 
control groups were determined by Indepen- 
dent-Samples T test. The significance of differ-

Table 1. Blood glucose levels, body weight, testis weight, serum 
INHB, and testosterone (x ̅ ± s)
Parameter Control DM p value
Blood glucose (mmol/L) 6.39 ± 0.77 32.14 ± 1.71* 0.001
Initial body weight (g) 224.9 ± 6.57 225.5 ± 4.22 0.431
Final body weight (g) 551.25 ± 56.52 340.25 ± 44.72* 0.000
Testis weight (g) 3.48 ± 0.28 2.45 ± 0.24* 0.000
Serum INHB (pg/mL) 13.42 ± 2.27 10.82 ± 1.14* 0.031
Serum testosterone (ng/mL) 0.60 ± 0.11 0.41 ± 0.16* 0.039
*P < 0.05 compared with control group.

branes were washed and 
incubated with the second-
ary anti-rabbit IgG-HRP anti-
body or antimouse IgG-HRP 
(Jackson, PA, USA, 1:10,000) 
at room temperature for 40 
min. The membranes were 
washed three times with 
TBST, and protein was visual-
ized by enhanced chemilumi-
nescence according to the 
manufacturer’s instructions.
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ences of blood glucose was determined by 
Nonparametric Tests of 2 Independent Sa- 
mples. A value of P < 0.05 was considered as 
significant.

Results

Blood glucose level, body weight, and testis 
weight

The blood glucose level, body weight, and testis 
weight of the rats at week 8 are presented in 
Table 1. Blood glucose levels in the DM rats 
were significantly higher than those in the con-

cells observed were spermatogenic cells (Fi- 
gure 2).

Testicular histopathology 

Testicular tissues in the control group showed a 
normal arrangement of germinal and Sertoli 
cells with no histopathological lesions (Figure 
3A). The DM group showed moderate to severe 
testicular atrophy with severe cellular disorga-
nization and degeneration in seminiferous 
tubules (Figure 3B). The Johnsen’s score was 
lower in the DM group compared with the con-
trol group (P = 0.000).

Figure 1. Evaluation of protein expression. A. Top: expression of ABP; bottom: 
quantitative analysis of ABP protein expression. B. Top: expression of TF; bot-
tom: quantitative analysis of TF protein expression. Data are shown as mean ± 
SD. *P < 0.05 versus the control group.

trol group (P = 0.001). In 
addition, the final body we- 
ight and testis weight of the 
rats in the STZ group were 
significantly lower than th- 
ose in the control group (P 
= 0.000).

Serum concentrations of 
INHB and T 

Rats in the DM group exhi- 
bited decreased serum IN- 
HB (P = 0.031) and T (P = 
0.039) concentrations co- 
mpared with those in the 
control group (Table 1). 

ABP and TF protein expres-
sion in rat testis

Decreased ABP protein lev-
els were observed in the 
DM group compared with 
the control group (P = 
0.038, Figure 1A). However, 
the TF protein levels were 
not decreased significantly 
compared with the control 
group (P = 0.247, Figure 
1B).

Evaluation of TUNEL stain-
ing

The number of TUNEL-
positive cells in the DM 
group (P = 0.000) was sig-
nificantly increased com-
pared with the control gr- 
oup. Most of the apoptotic 
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Discussion

Sertoli cells are a target of 
DM induced by STZ. In dia-
betic rats, an ultrastructur-
al study showed mitochon-
drial changes and reduction 
in the smooth endoplasmic 
reticulum in Sertoli cells 
[12]. Moreover, the vimen-
tin apical extension of Se- 
rtoli cells decreased signifi-
cantly in the STZ group [7].

ABP, INHB, and TF are bio-
logical markers of the se- 
cretory functions of Sertoli 
cells. Owing to the impor-
tance of Sertoli cells in the 
testis, any agent that im- 
pairs the secretory function 
of Sertoli cells may have 
adverse effects on sper-
matogenesis [14]. ABP bin- 
ds and transports andro-
gens, protects them from 
degradation, and controls 
their bioavailability in the 
testis [15, 16], which facili-
tates the development and 
maturation of spermato-
genic cells [17]. T is the 
main in vivo regulator of 
ABP synthesis in diabetic 
rats. The marked increase 
in T downregulates ABP 
expression in rat testis [18, 
19]. ABP and androgens 
may be factors that regu-
late germ cell apoptotic 
waves in mice [20]. How- 
ever, there are contradicto-
ry results about ABP expr- 
ession in diabetic rats. Pr- 
emalatha et al. [21] showed 
that the concentration of 
ABP decreased in diabetic 
rats compared with normal 
rats, whereas Velten et al. 
[22] showed that ABP con-
centration was increased 
but ABP content was not 
changed in testicular tis-
sue. This discrepancy may 

Figure 2. Evaluation of TUNEL. Top: Evaluation of TUNEL staining. Arrows in-
dicate TUNEL-positive apoptosis cells (×200). DM: diabetes mellitus. Bottom: 
quantitative analysis of apoptosis index in testes. Scale bar, 50 µm. Data are 
shown as mean ± SD. *P < 0.05 compared with the control group.

Figure 3. Evaluation of histologic changes. Top: Comparison of the histologi-
cal changes between the control and DM groups. Seminiferous tubules and 
interstitium in testicular tissue were normal in the control animals. There were 
fewer germinal cells, and they were degraded and disorganized in diabetic rats 
(×200). Bottom: quantitative analysis of the Johnsen’s score in testes. Scale 
bar, 100 µm. Data are shown as mean ± SD. *P < 0.05 compared with the 
control group.
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arise from differences in STZ dose and dura-
tion. In our study, ABP protein levels decreased 
in the DM group, and the total serum testoster-
one level in our study was significantly lower in 
the DM group, which was consistent with most 
previous studies [7]. However, we did not 
observe the related changes in the T-ABP levels 
in the rat testis.

INHB, which is mainly secreted by the Sertoli 
cells in the testis, is a glycoprotein that modu-
lates follicle-stimulating hormone secretion via 
a negative feedback loop [23]. INHB is also a 
marker of Sertoli cell damage and spermato-
genic disturbance. Markedly decreased INHB 
levels have been associated with severe dam-
age to the testes [24, 25]. In rats, INHB levels 
reflect major spermatogenic alterations, and 
greatly decreased INHB levels may indicate 
irreversible alterations and even infertility [26]. 
Meanwhile, sperm count and testicular volume 
in patients were significantly and positively cor-
related with INHB [27]. Similarly, we showed 
that the total serum INHB level was significant-
ly lower in the DM group.

TF, which is also secreted by Sertoli cells, plays 
a critical role in the delivery of iron from the 
somatic compartment to the germ cells seques-
tered by the blood-testis barrier [28]. This 
observation suggests a relationship between 
germ cell and Sertoli cell transferrin synthesis. 
In addition, a mutant mouse that can not syn-
thesize normal amounts of transferrin has a 
reduced ability to produce functional sperm 
[29]. Loss of germ cells induced by mild hyper-
thermia is associated with reduced transferrin 
expression [30]. Although the decreases in TF 
levels in the testis were not significant, our 
results showed that TF secretion was impaired. 
In summary, the decreased concentrations of 
ABP, INHB, and TF in DM rats could reflect 
impaired Sertoli cell secretory function. 
Significant increases in the numbers of apop-
totic cells in testes and decreases in the num-
ber of germinal cells and mean testicular biop-
sy score (MTBS) values have been observed in 
STZ-induced diabetic rats [31]. Our data 
showed that the apoptosis index was signifi-
cantly increased in the DM group. In addition, 
we observed a much lower Johnsen’s score in 
the DM group compared with the control group. 
These data further support the view that DM 
impairs spermatogenesis [7]. 

We showed that ABP, INHB, and TF in Sertoli 
cells were involved in the regulation of sper-
matogenesis and germ cell apoptosis in diabet-
ic rats, and our results indicated that the secre-
tory function of Sertoli cells was damaged. 
Therefore, the altered secretory function of 
Sertoli cells may contribute to disruption of 
spermatogenesis.
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