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Abstract: The aim of this study was to mvestigate effect of the vitamin E on changes in Bax and Bel-2
expression in the rat testes during immobilisation stress. The animals were divided into three groups. The rats
mn group I were immobilised for 6 h on 5 consecutive days. The rats m group II were daily injected vitamm E
(100 mg kg™ for 5 days during immobilisation. Control rats were allowed to move freely. The percentage of Bax
immunpositive spermatogonia in stress group was sigmficantly higher than those m control groups (p<0.05)
but Bel-2 was not significantly (p=0.05). The percentages of Bax and Bel-2 immunpositive cells in the vitamin
E treated group was decreased than the immobilization stress group. It was observed that Bax and Bel-2
expression were peak level (+) in the spermatogonia of the control group. In this group, Bax and Bcl-2
expression were not determined mostly in the seminifer tubules. Neither Sertoli cells nor spermatids showed
immunoreaction. Bax immunoreactivity was observed at strong level (+++) in both spermatogonia and
mtersititial cells of immobilised rats. In this group, Bel-2 protemn was expressed at peak level (+) m the
spermatogonia. Bax expression was decreased in vitamin E treated group and at peak level (+) immunreaction
was showed in the spermatogoma and intersitisyal cells. Findings of this study show that the immobilisation
stress increases apoptosis and vitamin E decreases Bax and Becl-2 expression that are apoptosis-releated

proteins in the immobilised rat testes.
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INTRODUCTION

Apoptotic germ cell death is an important mechanism
m testicular development (Ketola ef al, 2003) and
elimination of gemm cells under normal physiological and
pathological conditions (Sinha and Swerdloff, 1999,
Richburg, 2000).

Apoptosis is regulated by different molecular
mechamsm m the testes (Koji, 2001). Bel-2 family of
proteins is widely recognised as group of apoptotic
regulators (Lin et al., 1999, Oldereid ef al., 2001). Bax and
Bcl-w deficient male mice are infertile due to disrupted
spermatogenesis (Richburg, 2000).

Tt has been show that testicular germ cell apoptosis
increases mn experimental cryptorchidism (Yin et af., 1997),
local heat stress (Yamamato et al., 2000), immobilisation
stress (Akinbami et al, 1999; Almeida et al., 2000,
Demura et al., 1989; Pellegrini et al., 1998; Saurez et al.,
1996, Yazawa et al., 1999), vasectomy (Shiraishi ef al.,
2001), ischemia/sreperfusion (Lysiak et al., 2000), chronic
cigarette smoking (Rajpurkar et al, 2002) and x-ray

(Beumer ef af., 2000), Ethane Dimethanesulphonate (EDS)
(Taylor et al, 1998, 1999, Woolveridge et al, 2001),
2-bromopropane (Yu et al, 2001), cisplatin, chronic
alcohol (Zhu et al., 2000) treatment.

Immobilisation stress decreases the activities of
catalase, glutathione peroxidase, glutathione transferase
and glutathione reductase in the interstitium of testes.
Stress-induced stimulation of the testicular Nitric Oxide
(NO) signalling pathway leads to inhubition of both
steroidogenic and antioxidant enzymes (Kostic et al.,
2000).

It s well known that vitamin E had antioxidant
activity i the different stress conditions. However to the
knowledge, there is no study dealing with the relationship
between immobilisation stress-induced apoptosis and
vitamin E.

In this study, we ammed to mvestigate the effect
of vitamin E on expression of pro-apoptotic Bax
and anti-apoptotic Bcl-2 proteins in the rat testes
during immobilisation stress by immunchistochemical

methods.
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MATERIALS AND METHODS

Adult male-Wistar rats weighing about 250-300 g
each (n = 18) were used in this study. The ammals were
maintained at constant temperature (21+£2°C) and humidity
(50+5%) on a 12h lLight/12 h dark cycle (ight on from
07.00-19.00 h). They were housed in plastic cages (six rats
per cage) and fed with standard pellet food and tap water
ad-libitum. The animals were divided into three groups.
The rats in group 1 were allowed to move freely and
designated as control. The rats in group II were
immobilised for 6 h (from 09.00-15.00h) on 5 consecutive
days, by securing them on their backs to a board with
adhesive tapes. The rats m group Il were daily injected
vitamin E (DIL-w-tocopherol succinate, 100 mg kg™,
Sigma, St. Louis, MO) during immobilisation for 6 h on
5 consecutive days. At the end of study period, the rats
were weighed and killed by decapitation. The testes were
removed, dissected free from adjacent connective tissue
and weighed Organ weights were expressed as g/100 g
body weight. The testicular tissue was fixed in the
Bouin’s solution, dehydrated in alcohol, embedded in
paraffin

TImmunohistochemistry: Immunohistochemical staining
was performed using the streptavidin-biotin complex
method. The 5 um thick sections were cut onto positively
charged slides. These were deparafimzed in xylene and
rehydrated in graded ethanol. After performing
proteolysis with 0.1% trypsin (type I, crude from porcine
pancreas and Ca Cl,, Sigma) at 37°C for 30 mun slides were
pre-treated with 3% hydrogen peroxide to block
endogenous peroxidase activity. Then slides were rinsed
with deionized water and placed in Phosphate-Buffered
Saline (PBS) for at least 5 min. specimens were mcubated
for 30 min in normal goat serum (Dako, dituted 1:30). Slides
were then incubated with primary mouse antibody
(Bax and Bcl-2, Dako, USA) at 1:100 dilution for 30 min at
room temperature.

After washing with two changes of PBS for 5 min
each, slides were incubated for 30 min with biotin-
conjugated goat anti-rat Ig G seconder antibody. After
washing with PBS,
streptavidin-biotin-peroxidase complex for 30 min.

slides were incubated with
Staiming was completed with 3-Amino 9-Ethyl Carbazole
(AEC) for 5 min and slides were counterstained with
Mayer’s Hematoxylin, cover-slipped permount. Bax and
Bcl-2 immunohistochemical reaction was determined as (0)
negative, (+) peak level, (++) mild level, (+++) strong level

under the light microscopy.
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Statistical analysis: The body and testes weights were
expressed as the mediantStandard Deviation (SD). All
data were analysed by the non-parametric Kruskal-Wallis
test and subsequent individual comparisons by the
Mann-Whitney U-test. A p<0.005 were considered to be
statistically significance.

RESULTS

In the present study, we observed that body weights
of rats in immobilized and vitamin E treated groups were
decreased significantly compared with the control groups
(p<0.05). While the decrease was 26% n immobilized
group, it was much less in vitamin E treated group (17%).
However, there was no a significant difference between
testes weights of all the groups (p=0.05, Table 1).

The Bax and Bcl-2 postive stainings were mostly

observed in the spermatogonia of control and
experimental groups. The percentage of Bax
immunpositive  spermatogoma i the immobilization

stress group was significantly higher than those in
control groups (p<0.05), but Bel-2 was not significantly
(p=0.05).

The percentage of Bel-2 immunpositive cells in the
immobilization stress group was similar to the control
group. The percentages of Bax and Bel-2 immunpositive
cells in vitamin E treated group were decreased than the
immobilization stress group. Tt was observed that
decreased m Bax percentage was significant (p<0.05) but
Bel-2 was not significantly (Table 2).

Degeneration was not determined in the semmiferous
epithelium of all the groups. Tt was observed that Bax and
Bel-2 expression were peak level (+) i the spermatogonia
of the control group. Neither Sertoli cells nor spermatids
shoved immunreaction (Fig. 1). Bax immunostaining was
observed at strong level (+++) in both spermatogonia
in the seminiferous tubules (Fig. 2) and intersitisyal cells

Table 1: Body and testes weights in control and experimental groups
(values are mean+3D)

Body Testicular
Groups n weight (g) weight (g)
Control [ 287.5+35.4 0.454+0.05
Trmobilised group 6 210.0+16.2% 0.455+0.05
Vitamin E treated group 6 237.5+23.6% 0.50+0.002

Table 2: Ouantities of Bax and Bel-2 immunopositive cells in control and
experimental groups (values are mean+SD)

Groups n Bax Bel-2

Control 3] 1.00£0.26 2.17+0.31
Immobilised group 6 3.17+0.48* 2.1340.28
Vitamin E treated group 6 1.80=0.25 1.83+0.40

p<0.05 compared to the other groups
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Fig 1. Baximmunoreactivity seen at negative level (00 in
the myoid cell (), spermatogonda (5g), primary
spermatocytes (ps), sperm atid (=) and Jertol cell
(A in the seminiferous tubules and at mild lewvel
(++) itn the irterstitivm (% of control rat testes.

hlagnification, x40

Fig 2: Immunobistochemical staining of Bar observed at
strong level (+++) in the spermatogonda (- of

iman chilized rat testes Dagnification, x40

[

E 3

Fig 3: Immunobistochemical staining of B ar observed at
strong level (+++) in the Leydig cells (=) of
imm obilised rat testes Magnification, x40
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Fig 4: Bel-2 immunoreacti-aty observed at peak lewel (+)

in the spermatogorda () of the immobilised rat
testes. Magnification, x20

-

Fig 5: Decreased B ax immunoreactivity (+) observed in
Leydig cells (=) of witamin E treated rats during
immokilisation. hagnification, x20

(Fig 3 of immobdised rats In this group, Bel-2 protein
was expressed at peak lewel () in the seminiferous
tubules (Fig &) and similar to control group. Inthe vitamin
E ftreated group, Bax and Bd-2 expressions in
spermatogonia and intersitisyal cells were decreased and
peak level () (Fig. 5.

DISCUSSION

Apoptosis in the testes iz an important physiclogical
mechard sm that regulates the nomber of germ cells in the
seminiferous epithelium.

Bel2 family proteins moainly play a role in the
spontanecus apoptosis duting normal sperm atogenesis.
Bell and Bak proteins  are expressed in  the
gpetmatocyies  and  differentiating  spermoatids, Bax
expression is in spermatids  with  round nucled
(Mdereid ef al., 20017,



J. Anim. Vet. Adv.,, 9(1): 180-185, 2010

Stress is believed to influence male reproductive
activity and increases the apoptotic index in the
seminiferous tubules of the rat testes (Yazawa et al.,
1999).  Apoptotic germ  cells, frequently
spermatogoma and primary  spermatocytes,
detected in the testes of immobilised rats for 2 h daily on

most
were

7 consecutive days (Yazawa ef afl., 1999). It was reported
that testes weight was normal but spermatid production
decrease in the rats after 6 h of immobilisation for
15 days (Almeida et af, 2000). Testes weights and
spermatogenesis were significantly decreased and germ
cell loss occurred in the semimferous tubules in the
long-term hindlimb suspension in adult male rats. Also,
they observed that Leydig and Sertoli cells showed
normal structure in the same
(Tash et al., 2002).

In this study was observed that body weights of
both immobilised and vitamin E treated groups

experimental groups

significantly decreased. It can be associated with stress
dependent anorexia. Testes weights of all groups
unchanged which is paralleled to result of Almeida et al.
(2000). They have reported that testes weight was normal
but spermatid production decreased in the rats after 6 h of
ummobilization for 15 days. Bax (+++) expression has been
detected in the spermatogonia in some seminiferous
tubules of the immobilised rats. Bel-2 (+) expression was
observed less than Bax expression in the spermatogoma.
These data suggests that apoptosis-related Bax protein
plays
spermatogonia apoptosis. These results are similar to that
of Russell er al. (2002) demonstrated that Bax protein
played role in the especially spermatogonia apoptosis. An

a role m the immobilisation stress-induced

other result n the present study 1s strong Bax expression
observed in the Leydig cells of the immobilised rats.
Recent studies suggested that Bcl-2 inhibited apoptosis
in the Leydig cells, but Bax, Fas and Caspase-3 stimulated
apoptosis (Yuan and Xu, 2003). Alcohol induces
apoptosis by increasing Bax expression in Leydig
cells. On the other hand it decreases Bcl-2 expression
(Tang et al., 2002).

Leydig cells may have undergone apoptosis due to
decrease in serum hormone levels during immobilization
stress as described in previous studies (Demura et al,
1989). We observed that Bax and Bel-2 expression were
not present in seminiferous tubules of vitamin E treated
groups. [t was reported that vitamin E prevented neuronal
cells-apoptosis (Choi et al., 2003). Lung phospholipid,
unsaturated lipids were decreased in the immobilisation
stress and vitamin E  inhibited this changes
(Kovacheva and Ribarov, 1995).
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CONCLUSION

This study has demonstrated that vitamin E treatment
has effect on the immobilisation stress-induced apoptosis
and decrease especially Bax expression in spermatogonia.

REFERENCES

Akmbami, M.A., G.H. Philip, R. Sridaran, V.B. Mahesh and
DR. Mamn, 1999. Expression of mRNA and proteins
for testicular steroidogenic enzymes and brain and
pituitary mRNA for glutamate recepto rats exposed to
imimobilization stress. J. Steroid. Biochem. Mol. Biol.,
70: 143-149. PMID: 10622402,

Almeida, S.A., S.0. Petenuscy, J.A. Anselme Franci,
AAM Rosa e Silva and T.L. Carvalho Lamano,
2000. Chronic immobilization-induced  stress
increases plasma testesterone and delays testicular
maturation in pubertal rats. Andrologia, 32: 7-11.
DOIL:10.1046/.1439-0272.2000.00292. PMID: 10702860.
http:/fwww3.mnterscience. wiley.com/journal/1 20189
575/abstract?CRETRY=1&SRETRY=0.

Beumer, T.I., HI. Roepers-Gajadien, 1.5. Gademan,
TM. Lock, HB. Kal and D.G. De Rooij, 2000.
Apoptosis regulation in the testis: Involvement of
Bel-2 family members. Mol. Reprod. Dev., 56: 353-359.
DO 10.1002/1098-2795(200007)56:3<353: AID-
MRD4>3.0.C0O;2-3. PMID: 10862001 . http://www?3.
interscience. wiley.com/journal/72506765/abstract?C
RETRY=1&SRETRY=0.

Choi, J., C.C. Comrad, R. Dai, C.A. Malakowsky,
IM. Talent, C.A. Carroll, S.T. Wemtraub and
R.W. Gracy, 2003. Vit E prevents oxidation of
antiapoptotic  proteins in  neuronal cells.
Proteomics, 3: 73-77. DOL: 10.1002/pmic.200390011.
PMID: 12548636. hitp://www3 interscience. wiley.
com/journal/1 025257 44/abstract.

Demura, R., T. Suzuki, S. Nakamura, H. Komatsu,
E. Odagiri and H. Demura, 1989. Effect of
immobilization stress on testesterone and mhibin in
male rats. . Androl., 10: 210-213. PMID: 2501259.
http:/iwww.andrologyjournal .org/cgi/reprint/10/3/2
10.

Jang, M.H., M.C. Shin, H.S. Shin, K.H. Kim, H.J. Park,
EH. Kim and C.J. Kim, 2002. Alcchol induces
apoptosis in TM3 mouse Leydig cells via bax-
dependent caspase-3 activation. Eur. J. Pharmacol.,
449: 39-45. DOI: 10.1016/30014-2999(02)01973-8.
PMID: 12163104, http://www.sciencedirect.com/
science? ob=ArticleURL& udi=B6T1J-46FMIWF-
2& user=6667097& rdoc=1& fmt=& orig=search
& sort=d& docanchor=&view=c& acct=C000067
391& version=1& wrlVersion=0& userid=6667097
&md5=381a3ccO6abal 7529240d1b222f0aa3e.



J. Anim. Vet. Adv.,, 9(1): 180-185, 2010

Ketola, I, I Toppari, T. Vaskivuo, R. Herva,
I.8. Tepanainen and M. Heiknheimo, 2003.
Transcription factor GATA-6, cell proliferation,
apoptosis and apoptosis-related proteins Bel-2 and
Bax in human fetal testis. J. Clin. Endocr. Metab.,
88: 1858-1865. PMID: 12679484, http://jcem.endo
journals.org/cgi/content/full/88/4/1 858.

Koj, T, 2001. Male germ cell death in mouse testes:
Possible involvement of Fas and Fas ligand. Med.
Electron. Microsc., 34 213-222. PMID: 11956994,
http://www springerlink. com/content/drqnlyld3rru/?
p=5ea21 ba3942447f0baad2fbbe4390ccO&pi=12.

Kostic, T.S., SA. Andric, D. Maric and R.Z. Kovacevic,
2000. Inhibitory effects of stress-activated nitric
oxide on antioxidant enzymes and testicular
steroidogenesis. J. Steroid. Biochem. Mol. Biol.,
75: 299-306. PMID: 11282286, DOL: 10.1016/50960-
0760(00)00185-0.  http:/fwww.sciencedirect.com/s
cience? ob=ArticlelURL& udi=BoT8X-42NH3B0-G&
_user=6667097& rdoc=1& fmt=& orig=search&
sort=d& docanchor=&view=c& acct=C000067391
& version=1& urlVersion=0& userid=6667097&m
d5=21162990ea37[5865959¢319241 acb2e4.

Kovacheva, S. and S.R. Ribarov, 1995, Lipid peroxidation
in lung of rat stressed by immobilization: Effect of
vitamin E supplementation. Lung, 173: 255-263.
PMID: 9884854,

Lin, WW., D.J. Lmb, L.I. Lipshultz and E.D. Kim, 1999,
The role of autosomal cell apoptosis regulator
genes in human spermatogenesis. Int. Urol. Nephrol.,
31:237-246. DOT: 0.1023/A:1007137027543. PMID: 104
81969. http:/Awww . springerlink.com/content/q02875
442247 44w7.

Lysiak, I.J., SD. Tumer and T.T. Turner, 2000. Molecular
pathway of germ cell apoptosis following ischemia/
reperfusion of the rat testis. Biol. Reprod.,
63: 1465-1472. DOL: 10.1095/7biolreprod63.5.1465.
PMID: 11058553, http:/Awrww. biolreprod. org/content/
63/5/1465 long.

Oldereid, N.B., P.D. Angelis, R. Wiger and O.P. Clauser,
2001. Expression of Bcl-2 family proteins and
spontaneous apoptosis in normal human testis. Mol.
Hum. Reprod., 7: 403-408. PMID: 11331661.
http://molehr.oxford-journals. org/cgi/content/
full/7/5/403.

Pellegrimi, A., M. Grieco, G. Materazzi, M. Gesi and
MP. Ricciardi, 1998. Stress-induced morpholus-
tochemical and functional changes in rat adrenal
cortex, testis and major salivary glands. Histochem.
T, 30: 695-701. PMID: 9873996,

Rajpurkar, A., Y. Jang, C.B. Dhabuwala, J.C. Dunbar
and H. L1, 2002. Cigarette smoking induces apoptosis
in rat testis. J. Environ. Pathol. Toxicol. Oncol.,
21: 243-248. PMID: 12435077,

184

Richburg, T.H., 2000. The relevance of spontaneous-and
chemically-induced alterations in testicular germ
cell apoptosis to toxicology. Toxicol. Lett,
112,113:79-86.DOL: 10.1016/30378-4274(99)00253-2.
PMID: 10720715, http:/Awww.sciencedirect.com/
science? ob=ArticleURL& udi=B6TCR-3YSXY SR-
C& user=6667097& rdoc=1& fmt=& orig=search
& sort=d& docanchor=&view=c& acct=C000067
391& version=1& urlVersion=0& userid=6667097
&md5=8572{d9929432ad26fc46135¢ 7515902,

Russell, LD., H Chiarini-Garcia, 3.J. Korsmeyer and
C.M. Knudson, 2002, Bax-dependent spermatogonia
apoptosis 1s required for testicular development
and spermatogenesis. Biol. Reprod., 66: 950-958.
DOL: 10.1095/biolreprod66.4.950. PMID: 11906913,
http: /fwww biolreprod. org/content/66/4/950.long.

Saurez, M., M. Fiol de Cuneo, L. Vincenti and R.D. Ruiz,
1996. Changes in corticosterone levels and sperm
functional activity chromc stress in rats. Arch.
Physiol. Biochem., 104: 351-356. PMID: 8793028.
http://www.informahealthcare. com/doi/abs/10.1076/
apab.104.3.351.12903.

Shiraishi, K., K. Naito and K. Yoshida, 2001. Vasectomy
impairs spermatogenesis through germ cell apoptosis
mediated by the p53-Bax pathway in rats. J. Urol,
166: 1565-1571. PMID: 11547132,

Sinha, HAP. and R.S. Swerdloff, 1999. Hormonal and
genetic control of germ cell apoptosis n the testis.
Rev. Reprod., 4: 38-47. PMID: 10051101, http://ror.
reproduction-online.org/cgi/reprint/4/1/38.

Tash, J.8., D.C. Johnson and G.C. Enders, 2002. Long term
(® hindlimb inhibits
spermatogenesis m adult male rats. . Appl. Physiol.,
92: 1191-1198. DOT: 10.1152/applphysiol.00931.
20018750-7587/02$5. 00. PMID: 11842058, http: /) ap.
physiology.org/cgi/content/full/92/3/1191.

Taylor, MF., I. Woolveridge, A.D. Metcalfe, C.H. Streuls,
I A, Hickman and I.ID. Morris, 1998. Leydig cell
apoptosis in the rat testes after administration of the

weels) suspension

cytotoxin ethane dimethanesulphonate: Role of the
Bel-2 family members. I. Endocrinol., 157: 317-326.
PMID: 9659295, http://joe.endocrinology-journals.
org/cgifreprint/157/2/317.

Taylor, M.F., M. de Boer-Brouwer, 1. Woolveridge,
KI. Teerds and 1.D. Morris, 1999. Leydig cell
apoptosis after administration of ethanedimetha-
nesulfonate to the adult male rat 15 a Fas-mediated
process. Endocrinology, 140: 3797-3804. PMID: 1043
3241. http://endo.endojournals.org/cgi/content/full/
140/8/3797.



J. Anim. Vet. Adv.,, 9(1): 180-185, 2010

Woolveridge, 1., M.F. Taylor, F.F. Rommerts and Yin, Y., K.L. Hawlkins, W.C. De Wolff and A. Morgentaler,

L.D. Morris, 2001. Apoptosis related gene products in
differentiated and tumorigenic rat Leydig cells and
followmng regression mduced by the cytotoxin
ethane dimethanesulphonate. Int. J.  Androl,
24: 56-64. DOT 10.1046/.1365-2605.2001.00265.
PMID: 11168651, http://www3.interscience. wiley.
com/journal/121436995/abstract?CRETRY =1&SRET
RY=0.

Yamamato, CM., AP. Sinha Hikim, P.N. Huynh,

B. Shapiro, Y. Lue, W.A. Salameh, C. Wang and
R.S. Swerdloft, 2000. Redistribution of Bax is an early
step in an apoptotic pathway leading to germ cell
death in rats, triggered by mild testicular
hyperthermia. Biol. Reprod., 63: 1683-1690. DOIL: 10.
1095/%biolreprod63.6. 1683, PMID: 11090436,
http: /fwww . biolreprod.org/ content/63/6/1 683 .long.

Yazawa, H., 1. Sasagawa, M. Tshigooka and T. Nalkada,

1999. Effect of immobilization stress on testicular
germ  cell apoptosis in rats. Hum. Reprod,
14: 1806-1810. PMID: 10402394, http: //humrep.oxford-
journals.org/cgi/content/full/1 4/7/1 806.

185

1997. Heat stress causes testicular germ cell
apoptosis 1n adult mice. J. Androl., 18: 159-165.
PMID: 9154510.

Yu, X, H Kubota, R. Wang, J. Saegusa, Y. Ogawa,

G. Tchihara, Y. Takeuchi and N. Hisanaga, 2001.
Involvement of Bel-2 family genes and Fas signaling
system in primary and secondary male germ cell
apoptosis  induced by 2-bromopropane in rat.
Toxicol. Appl. Pharmacol., 174: 35-48. http:/fwww.
andrologyjournal.org/cgi/reprint/18/2/159.

Yuan, S.H. and S.F. Xu, 2003. Levdig cell apoptosis and

its regulation. Zhonghua Nan Ke Xue, 9: 218-220.
PMID: 12861841,

Zhu, Q., I. Meisinger, N.V. Emanuele, M.A. Emanuele,

N. La Paglia and D.H. Van Thiel, 2000. Ethanol
exposure enhances apoptosis within the testes.
Alcohol. Clin. Exp. Res., 24: 1550-1556. DOT: 10.1111/
1.1530-0277.2000.tb04574.  PMID: 11045864,
http:/fwww3. inter-science wiley.com/journal/11 904
0124/abstract?CRETRY=1&SRETRY=0.



