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ABSTRAロ.Diabetic disease is known to suppress male reproductive activity in laboratory animals and humans. The present study was 
designed to evaluate whether streptozotocin-induced diabetes increases apoptotic cell death in rat testes through activation of出eJNK 
and Bax pathway. Diabetes was induced by a single intravenous injection of s田 ptozotocin(40 mglkg) and testis samples were collected 
after 3 months. Compared wi出 controls，body weight and testicular weight were lower in the diabetic group， and the apoptotic index 
in testicular germ cells was significantly increased. Expression of phospho-JNK and Bax was significantly Increased in the diabetic 
group， and the level of activated caspase-3 was also increased， compared to出atof controls. Our findings suggest that streptozotocin-
induced diabetes increases apoptotic cell death in rat testes through phosphorylation of JNK and activation of Bax. 
KEY WORDS: Bax， diabetic， Testes. 

Sexual dysfunction is合equentlyassociated with diabetes 
in men and experimental animals， and it is accepted that 
infertiluy is a common complication in diabetic men [2， 5， 
10， 16]. Diabetic rats exhibit d民間asedtesticular weight， 
sperm count， sperm motility and testosterone levels， and 
increased frequency of abnormal spermatogenesis [6， 12， 
13，17]. Furthermore， diabetes increases apoptosis in testic-
ular germ cells and causes dysfunction of testes in mice [1， 
11]. 
The c-Jun NH2-terounal kinase (JNK) is a classic st陀 ss-

activated protein kinase involved in apoptotic signal trans-
duction in r，巴sponseto various stimuli， including UV radia-
tion and heat [3]. JNK is a critical factor involved in出巴

release of mitochondrial pro-apoptotic molecules such as 
cytochrome c in児 sponseto apoptotic stimuli [19]. Activa-
tion of JNK plays an essential role in apoptosis that is medi-
ated by promoting accumulation of active Bax at the 
outochondria [7， 19]. This stimulates出巴閃leaseof cyto-
chrome c， which in turn triggers activation of the caspase 
cascade and induces apoptotic cell death [4，7， 19]. Previous 
studies demonstrated that diabetes increases apoptotic cell 
death in testicular germ cells [1， 11]. However， few data are 
available regarding expression of apoptosis-related proteins 
in testes of diabetic animals. We propose that streptozoto-
cin-induced diabetic rats enhance apoptosis in testis through 
the r芭gulationof the apoptosis-related proteins including 
JNK， bax， and caspase-3. Therefore， the present study was 
performed to provide出isinformation. 

Adult male Sprague-Dawley rats (32ι340 g， n=30) were 
purchased from Samtako Co. (Animal Breeding Center， 
Korea) ， randomly divided into control group and diabetic 
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group (n=15 per group). AlI animal experiments were per-
formed in accordance with出eNlH Ouidelines for Use of 
Laboratory Animals. Animals were maintained under con-
trolled t巴mperature(250C) and lighting (14L: 10D)， and 
allowed free access to food and water. Diabetes was 
induced by a single intravenous injection of streptozotocin 
(STZ， Sigma， St. Louis， MO， U.S.A.) in 0.1 M citrate buffer 
(pH 4.0) at a dose of 40 mg/kg body weight [12]. The con-
trol animals received an equal volume of citrate buffer. 
Blood glucose and body weight levels were monitored reg-
ularly. Diabetes was confirmed by measurement of blood 
glucose concentrations and defined as blood glucose above 
300 mg/dl. Animals from each group were sacrificed after 3 
months. Testes were removed and rapidly weighed. And 
then， the right testes were frozen in liquid nitrogen and were 
stored at -70oC until use. The left testes were fixed in 4% 
paraformaldehyde in 0.1 M phosphate-buffered saline (PBS， 

pH 7.4) and embedded in paraffin. 
TUNEL histocheoustry was performed using the DNA 

Fragmentation Detection Kit (Oncogene Research Products， 

Cambrige， MA， U.S.A.). Sections were incubated protein-
ase K (20μ.g/ml) at room temperature for 5 oun and then 
washed in PBS. Sections were incubated with a mixture of 
t巴rminaldeoxynucleotidyl transferase and digoxigenin-
labelled did巴oxynucleotide in a humidified chamber at 
370C for 1 hr. Immuno-staining was carri巴dout according 
to the manufacture's protocol. The color reaction was per-
formed with DAB (Sigma， St. Louis， MO， U.S.A.) solution 
with 0.03% hydrogen peroxidas巴for3 oun. Sections were 
counterstained with hematoxylin. Slides were observed 
under microscope， and then photograph巴d.To quantify the 
incidence of apoptosis， the seouniferous tubules containing 
three or more apoptotic cells by TUNEL stain were calcu-
lated. The apoptosis index was calculated by the ratio of the 
positive seminiferous tubules of apoptosis to the total num-
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ber of seminiferous tubules in cross sections. 
Tissues samples were homogenized in lysis buffer (l % 

Triton X-100， 1 mM EDTA in PBS) containing 10 μM leu-
peptin and 200μM phenylmethylsulfonyl fluoride. The 
protein concentration of each lysate was determined using 
the bicinchoninic acid kit (Pierce， Rockford， IL， U.S.A.) 
according to the manufacturer's protocol. Thirty micro-
grams of total protein was applied to each lane on to 10% 
SDS-polyacrylamide gels. After gel electrophoresis and 
immunoblotting， the poly-vinylidene fluoride membranes 
(Millipore， Billerica， MA， U.S.A.) were washed in Tris-
buffered sa1ine containing 0.1 % Tween-20 and then incu-
bated with anti-phospho-JNK (pJNK)， anti-Bax， anti-
caspase-3 antibodies (diluted 1: 1000， Cell Signaling， B巴v-
erly， MA， U.S.A.) as primary antibody. And the membranes 

were incubated with the secondary antibody (1 :5，000， 
Pierce) and the ECL Westem blot analysis system (Amer-
sham Pharmacia Biotech， Piscataway， NJ， U.S.A.) accord-
ing to the manufacturer's protocol was used for detection. 
The intensity analysis was carried out using SigmaGel 1.0 
(Jandel Scientific， San Rafael， CA， U.S.A.). 

AII data are expressed as mean士S.E.M.The results in 
each group were compared by unpair巴dStudent' s t-test 
The difference for comparison was considered significant at 
*pく0.05.

In streptozotocin-induced diabetic rats， blood glucose 
levels were mark巴dlyincreased compared with controls， and 
body and testicular weight was significantly lower (Table 
1). 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. lA). However， 
the number and signal density of positive cells significantly 
increased in diabetic rats (Fig. lB). TUNEL-positive cells 
were detected in spermatogonia and spermatocytes. Th巴
apoptotic index was significantly increased in the diabetic 
group， compared to that of controls (Fig. 1 C). The apoptotic 
indices were 3.4:t 0.7% and 31.5 :t 6.8% in control and dia-
betic rats， respectively. 

Westem blot analysis showed that expression of pJNK 
was significantly increased in testes of diabetic rats com-
pared with controls. The level of pJNK was 0.82:t 0.18 in 
the control group and 1.19:t 0.23 in diabetic rats (Fig. 2A). 
Similarly， the level of Bax was increased in th巴 diabetic
group， compared to controls. Levels of Bax were 0.79 :t 
0.15 an 

Table. 1. Blood glωose， body weight， and testicular weight 
of control and streptozotocin (STZ)ーinduceddiabetic rats. 
Blood glucose and weights were evaluated 3 months after 
str芭pωz刀ωcmmJectJo明 (n=15).* P<0.05 (vs. cゅntrol)

Control STZ-diabetic 

Blood gluco喝e(mgldL) 103士5.16 435 :t 28.25ネ

Body weight (g) 395土18.24 298 :t 22.05* 
Testicular weight (g) 1.78 :t 0.07 1.58士0.06*

Control STZ・diabetic
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Fig. 1. R巴presentativephotographs of TUNEL 
staining in testes of control (A) and s町eptozo-
tocin (STZ)-induced diabetic rats (8). Positive 
cells of TUNEL staining were increased in 
STZ-diabetic rats. Arrows indicate positive 
cells. Scale bars = 100 μm. (C)， Quantitative 
analysis of apoptosis in the testes. The apopto-
sis index was calculated as出eratio of apopto-
sis-positive seminiferous tubules to the total 
number of seminiferous tubules. * P<0.05 (vs. 
control). 

induce germ cell apoptosis and abnormal spermatogenesis 
[6，11，14，15，17]. 

To better understand the pathway leading to apoptosis in 
diabetes， we investigated the expression of apoptosis-related 
proteins in testes of rats with diabetes. We showed that dia-
betes increases the level of activated JNK， a mitogen-acti-
vated protein kinase that is associated with apoptosis and is 
activated by a variety of environmental stresses， inciuding 
UV radiation and heat [3]. Activation of JNK is thought to 
be a cause of cell death in diabetic rat testes. Previous sωd-
ies demonstrated that JNK is critical for increased Bax 
expression in response to stress [7， 19]. It is known that the 
translocation of Bax to the mitochondria stimulates the 
release of cytochrome c， which triggers activation of the 
caspase cascade and induces apoptosis [4]. Thus， Bax is 
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Fig. 2. Westem blot analysis of activated JNK (A)， Bax (B)， and activated caspase-3 (C) in testes of control and streptozo-
tocin (STZ)ーinduceddiab巴ticanirnals. Each lane represents an individual experimental animal. Densitometric analysis is 

represented as an arbitrary unit (A.U.) that was normalized byα-tubulin. * P<0.05 (vs. control). 

considered a pro-apoptotic protein. This study showed that 

Bax expression is elevated in diabetic rats in comparison 

with control rats. Furtherrnore， our results showed that the 

streptozotocin-induced diabetes increased the activation of 

caspase-3 in testes. This enhances apoptotic cell death 

through activation of caspas巴-activatedDNase， which is 
integrally involved in DNA degradation [8]. Consequently， 
activated caspase-3 induces the morphological changes 

associat巴dwith apoptotic cell d巴ath[9]. In conclusion， our 
results indicate that streptozotocin・induceddiabetes leads to 

apoptotic cell death in testes via activation of出巴 JNKand 

Bax pathway. 

ACKNOWLEDGMENT. This work was supported by出e

Korea Research Foundation Grant funded by the Korean 

Govemment(MOEHRD) (KRF-2005心41-E00411).

REFERENCES 

1. C制， L.， Chen， S.， Evans， T.， Deng， D.X.， Mukherj巴e，K. and 

Ch必σab釘 ti，S. 2000. Urol. Res. 28: 342-347. 

2. Calvo， J.c.， Bar加 ao，J.L.， Tesone， M. and Charreau， E.H. 

1984. J. Steroid Biochem. 20: 769-772. 

3. Davis， R.J. 2000. Celll03: 239-252. 

4. Desagher， S.， Osen-Sand， A.， Nichols， A.， Eskes， R.， Montes-

suit， S.， Lauper， S.， Manudrell， K.， Antonsson， B. and Marti-

nou， J.c. 1999.1. Cell Biol. 144: 891-901 

5. Ficher， M.， Zuckerman， M.， Fishkin， R.E.， Goldman， A.， Neeb， 

M.， Fink， P.J.， Cohen， S.N.， Jacobs， J.A. and W巴isb巴rg，M. 

1984. J. Androl. 5: 8-16. 

6. Kuhn-Velten， N.， Schermer， R. and Staib， W. 1984. Diabetolo-

gia 26: 300-303. 
7. Lei， K.， Nimnual， A.， Zong， W.X.， Kennedy， N.J.， Flavell， 

R.A.， Thompson， C.B.， Bar-Sagi， D. and Davis， R.J. 2002. Mol 

Cell Biol. 22: 4929-4942. 

8. Liu， W.， Staecker， H.， Strup紘， H.， Malgrange， B.， Lefebvre， P. 

and Van De Water， T.R. 1998. Neuroreport 9: 2609-2614. 

9. Liu， X.， Li， P.， Widlak， P.， Zou， H.， Luo， X.， Garrard， W.T. and 

Wang， X. 1998. Proc. Natl. Acad. Sci. U. S. A. 95: 8461-8466. 
10. Muπay， F.T.， Cameron， D.F. and Orth， J.M. 1983. Metabolism 

32: 141-147. 

11. Sainio-Pollanen， S.， Henriksen， K.， Parvinen， M.， Simell， 0 

and Pollanen， P. 1997.lnt. J. Androl. 20: 243-253 

12. Scarano， W.P.， Messias， A.G.， Oliva， S.U.， Klinefelter， G.R 

and Kempinas， W.G. 2006. Int. J. Androl. 29: 482-488 

13. Seethalakshmi， L.， Menon， M. and Diamond， D. 1987. J. Urol. 

138: 190-194 
14. Sexton， W.J. and Jarow， J.P. 1997. Urology49: 508-513 

15. Sinha Hikim， A.P. and Sw巴rdloff，R.S. 1999. Reν. Reprod. 4: 

38-47 

16. Steger， R.W.， Amador， A.， Lam， E.， Ra出ert，J.， Weis， J. and 

Smi出，M.S.1989. Endocrinology 124: 1737-1743. 

17. Steger， R.W. 1990. Pharmacol. Biochem. Behav. 35: 577-582. 

18. Steger， R.W. and Rabe， M.B. 1997. Proc. Soc. Exp. Biol. Med. 

214: 1-1ト

19. Toumier， c.， Hess， P.， Yang， D.D.， Xu， J.， Tumer， T.K.， Nim 

nual， A.， Bar-Sagi， D.， Jones， S.N.， Flavell， R.A. and Davis， 

R.J. 2000. Science 288: 870-874. 

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

