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Purpose; The main pathophysiology of torsion-detorsion is associated with /{ﬁ xR

ischemia-reperfusion injury (I-R injury) in the testis caused by the twisted spermatic

cord and its release, which is most likely mediated by oxygen free radicals. In this

. . . . KREE: 74> b 12pt, 742 kO
study, we investigated the effects of ischemic preconditioning (IPreC) and /{ﬁ ER 7o b e 7 b }

e . L EALE: 74> b ¢ 12pt, T2 bOE
postconditioning (IPostC) on rat testicular I-R injury. /{% i e }
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Materials and Methods: Eight-week-old male Sprague Dawley rats were divided /{E R 7o b e 7 b }

randomly into four aged-matched groups: a sham-operated control—+ats, 60 min
ischemia/-120 min reperfusion (I-R)—ats, three cycles of 5 min ischemia/-5 min
reperfusion and then 60 min ischemia/-120 min reperfusion (IPreC)-rats, and 60 min

ischemia and then five cycles of 10 sec reperfusion/-10 sec ischemia and subsequently

. . g . REE: 75> b , 74y bOE
120 min reperfusion (IPostC)—rats. After sacrifice, the levels of malondialdehyde /{E EE 7o b e T b }

(MDA), 8-hydroxydeoxyguanosine (8-OHdG), myeloperoxidase (MPO), superoxide
dismutase (SOD), catalase (CAT), HSP 70 protein and its mRNA, and DNA

. . . . . . . REE: 742 b
fragmentation were measured in the rat testis. TheHistological-analysis—of testlcularu/{ﬁ 1/

tissue was also histologically analyzedperformed.

D12 pt, 74v hOf :}

Results: The levels of MDA, 8-OHdG, MPO, HSP 70 mRNA, SOD, CAT, DNA

fragmentation, and apoptosis cells were significantly higher in the I-R group

significantly—increased—compared—tethan in the control group.  IPreC reduces

histological parameters including vacuolation and necrosis, and reduces MDA, 8-OHdG,

MPO, HSP70 mRNA but not protein, SOD, CAT, DNA fragmentation and apoptosis

EREE: 742 b @ Times, 12 pt
compared to the I-R group, while IPostC ameliorates 8-OHdG, SOD, HSP70 mRNA, BAEH: 7 b 12t Tar hOM

DNA fragmentation and apoptosis when compared to the I-R group,,
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Conclusions: Our data indicated that both IPreC and IPostC treatments ameliorateded /
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effeet-on testicular damage induced by I-R injury., Cho




Testicular torsion is a common urologic emergency among infants and adolescents.

Testicular damage after spermatic cord torsion is related to the period of ischemia and

. . . . . Lo BEREE: 742 b 12 pt, 742 O
to the severity of the torsion.,  The main pathophysiology of testicular torsion is /{ ) T T }
ischemia-reperfusion injury (I-R injury) of the testis caused by the twisted spermatic
. L . . . FREE: 742 b 12 pt, THV oM
cord and its release, which is most likely mediated by oxygen free radicals.? /{E j/ e }
Mammalian testes are highly sensitive to oxidative free radical damage, and several
antioxidant enzymes and antioxidant drugs have been reported to prevent testicular I-R
- . L . . ERXEE: 74> b 12pt, T2 POE
injury.3_Ischemic preconditioning (IPreC) is athe phenomenon that-whereby a prior /{ B %/ e }
\\TEK%E:7¢7%112M,717%@@:}
ischemic stress renders the organ resistant to a subsequent ischemic insult.* It has
’“?{%ﬁﬁi:7¢yh:1zm,7¢y%wé:}
been demonstrated that brief episodes of sublethal I-R and IPreC provides powerful
tissue protection in different tissues such as heart, brain, skeletal muscle, lung, liver,
) ) ) R R EREE: 740 b 1 12pt, 7HFOE
intestine, kidney, retina, and endothelial cells.‘r’A However, to our knowledge, the /{ I e T }
protective effects of IPreC on testicular tissue have not been-net investigated
REE: 740 b 1 12pt, 742 bO@
adequately.® " /E e e }
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AR recent development in cardiac physiology has indicated that ischemic

L . . . . . Lo BREE: 740 b 12 pt, T4 hOf
postconditioning (IPostC) is an interesting mechanism against reperfusion injury.® /{ 2 7” e }
. . - . . . . ERLEE: 742 12
IPostC is defined as rapid intermittent interruptions of blood flow in the early phase of /{ 2 r )
reperfusion; these interruptionsane mechanically alters the hydrodynamics of
. . . . . FREE: 740 b 12
reperfusion.’ It is a simple method which-that provides a new tool to protect organs /{ i - )
S T - EREH: 74 b 12 pt )
from I-R injury in the heart and brain,”, However, it is unclear whether IPostC, can T (EREE: o 2w )
. . L. . . T BREFE: 74 b o 12pt, T4 OB
protect the testeis against I-R jinjury. The present study was thus planned to investigate T% T AR }
T {BREE: Tk 12 )
whether or not IPreC and IPostC have a protective effect on testicular I-R injury.
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MATERIALS AND METHODS B g b e 70 }
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. Animal model and experimental design /{i ' }
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All animal experiments were performed in accordance with the guidelines set by the
Tottori University Committee for Animal Experimentation. Eight-week-old male
Sprague-Dawley rats weighing 260-300 g (SLC, Shizuoka, Japan) were anaesthetized

with sodium pentobarbital (50 mg/kg, i.p.). The rats were assigned to one of four

; : . . EREFE: 74 b 12 pt, THY RO
groups based upon the intervention (n = 5-6 in each group), I-R group; 60 min /{i - ’ -
\“{§£§E:7¢yhzlzm,7¢yhmﬁ:

ischemia/-120 min reperfusion:rats, IPreC group; three cycles of 5 min ischemia/-5 min

T BREE: U4 b 120pt, TH2hOME

reperfusion and then 60 min ischemia/-120 min reperfusion-ats, IPostC group; 60 min %ﬁxi; SAo bk 2ot TAv OB
N
ischemia followed byane-then five cycles of 10 sec reperfusion/-10 sec ischemia and BAEL: a4 b 12t TAY PO

i
e e e e L

; ; EREE: 74> b 12pt, 74 bOf
subsequently 120 min reperfusion, and Cont group; a sham-operated control-rats-rats. /{m i L A

THa-erderto perform I-R in the testes, the right testicular artery was clamped with a_
small clip (Sugita standard aneurysm clip, holding force 145 g; Mizuho lkakogyo,

Tokyo) for 60 min, and-then-remeving-the-clip-anotherafter which the clip was removed

for 120 min. THa-erderto confirm these treatments in experimental testes, blood flow

in the right testis was measured with a Laser Doppler Flow meter (BRL-100;

Bioresearch Co., Nagoya, Japan) during the experimental period (Fig. 1), according to

. . e . EREE: 742 b 12pt, 74 hOM
the method used in our previous report.”> The rats were sacrificed with an overdose of /{ B’ ’

pentobarbital (60 mg/kg, i.p.) at 120 min reperfusion. After the sacrifice, the testis was
fixed in 10% phosphate-buffered formalin or immediately frozen; and_then stored at

—80 °C until used.

Measurement of MDA concentration and; 8-OHdG content in the testes



Tha-erderto investigate oxidative damage inef the testis during I-R, malondialdehyde
(MDA) concentration, a marker of lipid peroxidation, and 8-hydroxydeoxyguanosine
(8-OHdG) content, a marker of oxidative DNA damage, respeetivehrwere each
measured in the experimental rat testis using a commercially available kit. The MDA
concentration in the testis was measured by colorimetric assay according to the
manufacturer's instructions (BIOXYTECH MDA-586™ kits, OXIS International,
Portland, OR). The 8OHdG content in the extracted DNA solution was determined

by the enzyme-linked immunosorbent assay (ELISA) method (Highly Sensitive

8-OHdG ELISA kit, Japan Institute for the Control of Aging, Shizuoka, Japan),

/{éﬁﬁﬁ:7¢yh:12m,7¢yﬁm@:
R

Measurement of MPO activity in the testes

Myeloperoxidase (MPO) activity in testicular tissue was detected using a
spectrophotometric method (MPO ELISA kit, HyCult Biotechnology, Uden, the
Netherlands), reflecting the number of polymorphonuclear neutrophils (PMN) in the

tissue. This method uses 3, 3’, 5, 5’-tetramethyl benzidine (TMB) as an oxidizable

. . . . D74 vh 12 pt, TAY oM
dye. T-and-the reaction was started by adding hydrogen peroxide (Hz0p) toin the */ T
D7y bk 12 pt, 742 RO
medium.
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Measurements of SOD and CAT activities in the testes-
Superoxide dismutase (SOD) and catalase (CAT) are important members in the
%ﬁ?ﬁ:7ﬁy%:12m,71y%mﬁ:
antioxidant enzymatic defense system, which converts the superoxide radical to HyO, = T S RTINE E T
The procedures ftor quantifying SOD and CAT activity were carried out according to BREE: 74> b c12pt TAr ROk
the descriptions provided with theef Superoxide Dismutase Assay Kit and Catalase RARE: 74> 123t THLPOR




assay Kit (Cayman Chemical, Ann Arbor, MI-JSA)-, respectively.

Measurements of HSP 70 protein and its mRNA level—

Fhe-expression-ef-HSP 70 expression was measured using a StressXpress HSP 70
enzyme-linked immunosorbent assay (ELISA) kit (Stressgen Biotechnologies, Victoria,
BC, Canada) according to the manufacturer’s instructions. HSP 70 mRNA in the
experimental testis was measured by real-time polymerase chain reaction (PCR)

methods. The RNA was purified by an RNeasy Mini Kit (Quiagen, Valencia, CA)

. . . . KREE: 7+ b 12pt, 742 bOf
according to the manufacturer’s instructions. —AFhe reverse--transcriptase (RT) /E S b el T
mixture (20 ul) containing 2 pg of total RNA was made and incubated at 37°C for 60
. . . . . REE: 74> b 12pt, 742 kO
min_ according to-by a previously reported method,** Real-time PCR was carried out ) //{ﬁ EER 7o b e 7 b
\'\'\'\{EKEE: T4k 12 pt, 742 hOM
using a LightCycler thermal cycler system with a LightCycler SYBR Green | kit
. . . . . REE: 752k ¢ , 7F v b0
according to the manufacturer’s instructions (Roche Diagnostics, Tokyo, Japan),*® ) //E Jrh e e
T EREL: 7 b 12pn T RO
The following primers were used for HSP 70 (accession number NM_212504), forward,
5" ACA AGG GCG AGA ACC GGT C 3'; reverse, 5 TTC AGA CCC GCG ATC ACG
3.
Protein assay
. . . s . s REE: 742 b . 7Hv hofm
Protein was determined using a commercial kit (Protein Assay Rapid Kitwako, Wako _ //E S
'\'\"\{ﬁit%i J4v b 12 pt, T4 RO
Pure Chemical_Industries, Osaka, Japan).
DNA fragmentation analysis
. . . . . . REE: 75> b , 74V b
DNA fragmentation was assessed with-using the ApoptoticDNA Ladder Extraction Kit //{ﬁ JAh e e
'\'\'\[%iwﬁ: T2 b ot12pt, T4y RO
(Biovision, Mountain View, CA, USA), and was analyzed by electrophoresis on a 1.2%
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agarose gel containingethidium bromide in both gel and running ’
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buffer, Electrophoresis was run at 50 V for 60 min. DNA was visualizedwith UV

D 7Fr b 12 0pt, 742 O

light and photographed.

P 7%V b 12 pt, T4V O
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Histological examination S R PR Y
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After fixation, the tissues were embedded in paraffin. Five micron-thick tissue
sections were cut from these paraffin blocks. The sections were deparaffinized and
hydrated gradually, and then were examined by hHematoxylin and eEosin (H&E)
staining. Each section was viewed under a light microscope at a magnification of
x400. Histological examinations were performed under a light microscope by a
pathologist blinded to the experiment. The testes were evaluated histologically with
respect to the-feHowing-characteristies: their vacuolation_and; necrosis_characteristics.
A five5-level original grading scale was used to quantify-for each characteristics.
Histological grading was based on the following scale: 0, minimal or no evidence of
injury; |, slighthy injury; 2, mild injury; 3, moderate injury; 4, severe injury. Statistical

. . . EREE: 74 b
evaluations also used —~was-ade-using-this scale. /{ 2

D12 pt, Ay ROF

TUNEL assay
Testicular DNA fragmentation was evaluated with the TUNEL assay- (Apop Tagg Plus

Peroxidase In Situ Apoptosis Detection Kit, Chemicon_Laboratories, Temecula, CA,

D74 v b 12 pt, ZA2 O

USA). Formalin-fixed, paraffin wax-embedded tissue sections (n=5-6for each group) /{E e
'\‘TEK%E:7¢V%:12M,71y%®é:

were deparaffinized, and-stained by the TUNEL technique, and was-used as a

FREL: 7 b 12pt, Tas OB }
chromogen. TUNEL-positive cells displayed brown staining within the nucleus of
’”“{%ﬁ?ﬁ:7¢y%:12m,71y%mﬁ:}
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apoptotic cells. TUNEL-positive cellswere quantified under high-power /{ - ’ -
\'\\{ REE: 742k 12pt, 742 O

magnification (x400) by an investigator,who was blinded to the studies, and were was-

*““{ KREE: 742 b 12 pt, 742 FOE

expressed as numbers pergne seminiferous tubule, At least 100 seminiferous tubules S AL b 12pt Tas L@

on each slide were randomly examined to determine the number of TUNEL-positive P 7av b 12pt, T4y hOf
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cells.,
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Data analysis

~{BAEE: ATk L BHOT 05 F )

A statistical comparison of differences between groups was performed with the use of *
analysis of variance and Fisher’s multiple comparison tsts. P < 0.05 was regarded as

the level of significance.

Drugs and chemicals

<

A EREE: (T BEOT 05

All other chemicals were available commercially and reagent grade.
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. Measurements of oxidative damage and neutrophil infiltration in the testes (BREF: 74k - 12t )
{éi’tii: THv b : 12pt, Tar hOf }
Table 1 shows levels of MDA concentration, 8-OHdG content, and MPO activitym/%iiiiz j;i:% u’“;fmj;/ f(j; ﬂ
the testes—respectively—are—shown—in—Fable—t. The MDA concentration, 8-OHdG
content, and MPO activity in-the-}-R-group-were significantly higher in the I-R group
than-these in the sham-operated control group. The MDA concentration, 8-OHdG
content, and MPO activity in the IPreC group_were significantly decreased compared to
those in the I-R group. The MDA concentration and MPO activity in the IPostC group
were slightly,-but not significantly, lower thandeereased-cempared-to those in the I-R
group. However, IPostC treatment significantly reduced the 8-OHdG content. Our
data indicate that treatment—with—IPreC treatment ameliorated the increases inef
oxidative damage and neutrophil infiltration in the testis during I-R, and that IPostC
treatment also ameliorated the increase inef oxidative DNA damage.
Antioxidant enzyme activities
Table 2 shows the individual activities of SOD and CAT. SOB-and-CAFThese /{éiwiz iR )
Aactivities were significantly higher in the 1-R group-higher than-these in the /{EKEE: SR Ao }
sham-operated control group.  Furthermore, SOD and CAT, activities were 77{ iiiiz zj:r i Zt s oE ﬂ
significantly lowerdeereased in the IPreC group than ineempared-with the I-R group. .
IPostC treatment also significantly reduced SOD activity compared with the 1-R group.
CAT activity was slightly,-but not significantly, lowerdeereased in the IPostC group._
than in-compared-with the I-R group.
/%K&Er ATV BAIOIT 0 0.5 5 ]
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Expression_levels of HSP 70 protein and its mRNA in the testes:

///{§KEE14V?V%:%%®ﬁ: 0.5 F )
Figure 2 showsThe the data on the expression levelss of HSP 70 protein and its mMRNA

. .. . . . . B REE: 742 b 1 12 pt, 742 O
in the testis-is-shown-inFig2. The expression of the HSP 70 protein was slightly but /{E i P T }
\\Tﬁﬁﬁﬁi7ﬁyhilzm,7¢V%mﬁ:}

not significantly higher in the I-R group than in the control group. However, the-

expression-of-the HSP 70 mRNA expression was significantly higher in the I-R group
than in the control group. IPreC and IPostC groups each had a slighthy tendencye to
decrease the-expression-ef-the HSP 70 protein expression in the testis compared to that
in the I-R group.  The expression of the HSP 70 mRNA was significantly
lowerdeereased in the IPreC and IPostC groups than ineempared-with the I-R group.

Histological examination

The greatest significant histopathologic scores observed were in the I-R group.
Extensive tubular vacuolation, necrosis, and loss of germ cell maturation-ef-germ-cells
were observed in the I-R group. In contrast, IPreC treatment significantly reduced

these I-R group changes-ebserved-inthet-Rgroup. Histopathologic scores showed-a-
were dramatically decreased-seere in the IPreC group than ineempared-with the I-R

group. Histopathologic scores were slightly,-but not significantly, lower-deereased in

the IPostC group than ineempared-with the I-R group (Fig. 3, Table 3).

DNA fragmentation and TUNEL assay

Apoptosis was evaluated by DNA fragmentation analysis and TUNEL assay (Fig. 4).

i H . . REE: 742 b 12 pt, 74y hOE
Atypical DNA laddering pattern was observed in the I-R group, J|-R induced /{E i pt, 7oA hO }
\\Tﬁﬁﬁﬁi717%:12m,7¢thé:}

upregulration of DNA fragments was decreased by both the IPreC and I1PostC

11



- . KEE: 742 b 1 12pt, T4V FOF
treatments. In the TUNEL assay, a large number of TUNEL-positivegerminal cells ) //{E SR Tae e
'\'\'\"\{gitf}fﬁ: Tav b o 12pt, Z74Y RO
were observed in the seminiferous tubules of I-R injury testes, whereas TUNEL-positive >
cells were not detected in the seminiferous tubules of the sham-operated control group.
However, it was difficult to distinguish if the TUNEL-positive cells were either
Sertoli-cells or spermatocytes. Furthermore, we did not observed significant
. . . . . . . REE: 742 b 12 pt, 742 O ¢
I-R-induced alterations neither in spermatids nor in spermatogoniums.  The number of ///{ﬁ Jreh et e
.. . - REFE: 742 b 12 pt, 742 b
TUNEL-positive cells was significantly reduced in the seminiferous tubules by IPreC ) //{ﬁ i T
'\'\'\—\[%iwﬁ: Txv bk 12 pt, T4 RO
and IPostC treatments (Fig. 4). Our data indicate that IPreC and IPostC treatments had

an-anti-apoptotic effects on the testis during I-R.

12
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DISCUSSION B FNTkuT
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J-R injury in the testis is related to testicular torision-detorsion, and-this---R-injury is Doe 1 e

. . . . . . EBREE: 74 b ¢ Times, 12 pt, 77
associated with overgeneration of reactive oxygen species (ROS).* I-R contributes to /{ o m " b

T ERLEE: 752 b Times, 12 pt, 7+
Chof s B

abnormal signal transduction or cellular dysfunction and initiates the cascade of

. . A . e : A L. . EBRLEE: 742 b Times, 12 pt, 7+
apoptosis/necrosis, with subsequent inflammatory infiltration.®> Reperfusion injury is Chof e ey

- _ _J L _J L _J

an integrated response to the restoration of the-blood flow after ischemia, and is initiated

at the very early moments of reperfusion, lasting potentially for several days.”®

EXRLE: 742 b Times, 12 pt, 7%

Although some researchers have reported onthat—_IPreC’sthe effect-of-tPreC on Chof  ®
- - . . EXREFE: 742 b ¢ Times, 12 , 7
testicular I-R induced-damage, 1PostC’s-the protective effects ef 1PreC-on testicular AN T 7
. . . . EBREE: 7 b ¢ Times, 12 pt, 7
tissue have not been investigated,® ” Ceylan et al reported that there are no protective IR

effects with IPreC in rat testis during 90 minutes of 720 degrees torsion, while

. ) ) ) R ) R ERLEE: 742 b ¢ Times, 12 pt, 7+
Sahinkanat et al reported that IPreC provides tissue protection in testicular tissue.> ’ Sioe K 1 ’

A —
\'\[giﬁ:fxﬁ: 74> b ¢ Times, 12 pt, 7o
o s B

Although some reports indicate that IPreC and IPostC are effective especially in the

. . . N . EBREE: 74 b ¢ Times, 12 pt, 74
reperfusion phase, these reports, did not includelack-ef observation in the reperfusion NG e Er

phase. Furthermore, IPreC is clinically feasible only when the occurrence of ischemia

5 EBRXLEE: 742 b Times, 12 pt, 7+

is predictable,”  Compared to ischemia, the-enset-efreperfusion hais a more o

A

\\\\\{gﬁﬁiz' 74> b Tines, 12 pt, 7
predictable onset. IPostC is a simple and harmless method thatwhich provides a new SICERE

P . EXRLEE: 742 b Times, 12 pt, 77
tool to protect organs from I-R injury,’® _The rResults offrom these studies suggested /{ bR 1 e

A
T EBRLEE: 742 b Times, 12 pt, 7+
AN

that the early moments of reperfusion awere important in the pathogenesis of

postischemic injury, and that manipulation of this early reperfusion phase can reduceé
I-R injury. Theresults-ofthe present study demonstrates that-the IPreC and IPostC
have protective effects against I-R--induced biochemical and histological changes in-the
rat testeis. To our knowledge, the present study provides the first evidence for the

protective effect of IPostC against testicular I-R injury.
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It is well known that the generation of excessive ROS during reperfusion plays a major
role in I-R injury, and that increased production of ROS inflicts significant injury on

ischemic tissue through oxidization of cell membrane lipids, protein, DNA leading to

. . . L EXREHE: 74 b ¢ Times, 12 pt, 7
testicular dysfunction, and cell death.®>  Then, testicular torsion itself causes-a- AN A
'\'\"\{‘éi’cﬂéir' gf‘/% : Times, 12 pt, 74
significantly increases- neutrophil adhesion to the testicular venous endothelium.'® It ~hot R
”’*f‘{%iﬁ%{%i 7% b Times, 12 pt, 7
Mg Lok
is reported that neutrophils recruited to the testis after torsion are potent generators of BAEE: 74> b ¢ Times, 12 pt, 7o
Crof 8
ROS.® In our study, testicular IPreC treatment significantly ameliorated the levels of /{%if%?: 7% b Tines, 12 pt 74
MDA concentration, 8-OHdG contents, and MPO activity, suggesting-that-there-was
. R . . AEHE: 742 b Times, 12 pt, 7
attenuated lipid peroxidation, DNA damage, and neutrophil infiltration, respectively, % N " o
Testicular IPostC treatment ameliorated the level of 8-OHdG contents. It may explain
. . . S REE: 742 b : Times, 12 pt, 7
that testicular 8-OHdG content is more sensitive marker of oxidative stress than the % %%@ W e et 7
. . . .. EREE: 74> b @ Times, 12 pt, 7
other markers used in this study.  Our results showed that IPreC and IPostC inhibited Som w 1 v

oxidant generation and oxidant-mediated injury in testicular I-R injury. Furthermere;-
ourOur results also showed that the IPreC and IPostC significantly inhibited apoptosis
caused by testicular I-R injury, which-aasas proved by DNA fragmentation and TUNEL
assay. The results of the present study demonstrate that the-IPreC has preventive effects
against I-R--induced biochemical and histological changes in the rat testis, and that the-
IPostC has protective effects against I-R--induced DNA damage. The protection

achieved in the rat testis with-the IPostC was not equivalent to the benefits gained by

IPreC-in-therat-testis. Therefore, grategically modifying early reperfusion events —to. /{%}‘

BH: 742 b ¢ Times, 12 pt, 7%
Y-

reduce reperfusion injury may not provide the same level of powerful testicular

protection by-reducing-reperfusion-injury-comparable-to-aprovided by a pretreatment

strategy such as IPreC. Because IPreC triggers protective pathways before ischemia

while IPostC alters events after ischemia, the mechanisms and their timing-ef-these-

14



rmechanisms are likely quite different between the two maneuvers. The involvement of
“effectors” such as Katp channels and the mPTP in both IPreC- and IPostC would also
suggest common pathways, but at which time (ischemia vs reperfusion) these pathways
exert the organ-protection must differ.  Although many of the pathways involved in
IPostC have been identified in IPreC, some pathways, i.e., ERK1/2, may not be

involved in IPreC. The timing of action of these pathways and other mediators of

ERLEE: 742 b ¢ Times, 12 pt, 7%
C.17, 18 o

protection in IPostC differs from that of IPre Jn addition, it remains unclear AN

whether deleterious mechanisms were attenuated or-whether beneficial mechanisms
were triggered by testicular IPreC and IPostC-are-stith-unclear.

Endogenous antioxidant systems (i.e., SOD, CAT) counteract the potential for injury

. N . EREE: 7> b Tines, 12 pt, 7>
to cellular structures by regulating the balance of individual ROS and their reactants.lgA_/{ Dhoe: w e e o }

Heat-shock protein (HSP) chaperones, which are also induced by stress, are essential

. . . . . ERLEE: 74> b ¢ Times, 12 pt, 74
cellular protective mechanismsachineries.”>. HSP 70 is an endogenous factor for ChoE B e }

. . . . . . . EREE: 74 b Times, 12 pt, 74
protecting eel-againstand tissue injury under various pathological conditions.”: Data SioE ® " ’ }

from this study demonstrated that I-R induced up-regulations of the expression_ofs SOD,

. S 742 b 12 pt, 742 hOM
CAT, HSP 70, and its mMRNA. Our study also revealed that IPreC and IPostC /{%ﬁii JAh s TAE R }

treatments decreased the I-R--induced upregulration of SOD, CAT, HSP 70 mRNA in
the testis during I-R.  Further studies wit-beare needed to clarify the mechanism
responsible for these phenomenaens.

In our research, we-enly tested the 1PostC using only five cycles of 10 sec of

reperfusion followed by 10 sec ischemia. The interval (10 sec) referred-tewas chosen—

. . - - . EREE: 742 b 12 pt, TAY hOF
previouslyliterature?® and our limited preliminary experiments. , Thus, the exact /{ =) ’ }

'\Kigﬁﬁﬁ:7ﬁyb:12my7*V%@é:}

numbers of optimal intervals and cycles in testicular IPostC may need to be investigated

in_a further study.
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EREE: 742 b 012 pt, KT, 77r\/%}
e =2
)

A

CONCLUSIONS, TR, TRy

%iﬁ‘.@éi: Txv b 12 pt, THY RO

Our study provides-an evidence te-demenstrateof the beneficial effects of testicular
FEREE: AT b D BHOT L 2.1 m

IPreC and IPostC in vivo. In particular, the intervention ef-by IPostC is very simple
and may be applicable,—which— for targetings the first few minutes of reperfusion.
There is a possibility te—beof clinically apphicable—inapplying the treatment efor

testicular torsion in the near future.

16



REFERENCES
1. Heindel RM, Pakyz RE, Reinking LN and Cosentino MJ: The effect of various

degrees of unilateral spermatic cord torsion on fertility in the rat. J Urol 1990; 144: 366.

2. Anim JT, Kehinde EO, Prasad A and VVarghese R: Morphological responses of the

rabbit testis to ischemic/reperfusion injury due to torsion. Urol Int 2005; 75: 258.

3. Filho DW, Torres MA, Bordin AL, Crezcynski-Pasa TB and Boveris A: Spermatic
cord torsion, reactive oxygen and nitrogen species and ischemia-reperfusion injury. Mol

Aspects Med 2004; 25: 199.

4. Murry CE, Jennings RB and Reimer KA: Preconditioning with ischemia: a delay of

lethal cell injury in ischemic myocardium. Circulation 1986; 74: 1124,

5. Ambros JT, Herrero-Fresneda |, Borau OG and Boira JM: Ischemic preconditioning

in solid organ transplantation: from experimental to clinics. Transpl Int 2007; 20: 219.

6. Ceylan H, Yuncu M, Armutcu F, Gurel A, Bagci C and Demiryurek AT: Effects of

early phase of preconditioning on rat testicular ischemia. Urol Int 2005; 74: 166.

7. Sahinkanat T, Ozkan KU, Tolun FI, Ciralik H and Imrek SS: The protective effect of

ischemic preconditioning on rat testis. Reprod Biol Endocrinol 2007; 5: 47.

8. Zhao ZQ, Corvera JS, Halkos ME, Kerendi F, Wang NP, Guyton RA et al: Inhibition

17


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhao%20ZQ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Corvera%20JS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Halkos%20ME%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kerendi%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wang%20NP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Guyton%20RA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�

of myocardial injury by ischemic postconditioning during reperfusion: comparison with

ischemic preconditioning. Am J Physiol Heart Circ Physiol 2003; 285: H579.

9. Zhao ZQ and Vinten-Johansen J: Postconditioning: reduction of reperfusion-induced

injury. Cardiovasc Res 2006; 70: 200.

10. Zhao H: The protective effect of ischemic postconditioning against ischemic

injury from the heart to the brain. J Neuroimmune Pharmacol 2007; 2: 313.

11. Kono T, Saito M, Kinoshita Y, Satoh I, Shinbori C and Satoh K: Real-time
monitoring of nitric oxide and blood flow during ischemia-reperfusion in the rat testis.

Mol Cell Biochem 2006; 286: 139.

12. Ueta E, Tadokoro Y, Yamamoto T, Yamane C, Suzuki E, Nanba E et al: The effect of
cigarette smoke exposure and ascorbic acid intake on gene expression of antioxidant
enzymes and other related enzymes in the livers and lungs of Shionogi rats with

osteogenic disorders. Toxicol Sci 2003; 73: 339.

13. Wittwer CT, Ririe KM, Andrew RV, David DA, Gundry RA and Balis UJ: The
LightCycler: a microvolume multisample fluorimeter with rapid temperature control.

Biotechniques 1997; 22: 176.

14. Turner TT, Tung KS, Tomomasa H, and Wilson LW: Acute testicular ischemia

results in germ cell-specific apoptosis in the rat. Biol Reprod 1997; 57: 1267.

18


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ueta%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tadokoro%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yamamoto%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yamane%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Suzuki%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nanba%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�

15. Zhao ZQ, Velez DA, Wang NP, Hewan-Lowe KO, Nakamura M, Guyton RA et al:
Progressively developed myocardial apoptotic cell death during late phase of

reperfusion. Apoptosis 2001; 6: 279.

16. Lysiak JJ, Turner SD, Nguyen QAT, Singbartl K, Ley K and Turner TT: Essential
role of neutrophils in germ cell-specific apoptosis following ischemia/reperfusion of the

mouse testis. Biol Reprod 2001; 65: 718.

17. Kim SO, Baines CP, Critz SD, Pelech SL, Katz S, Downey JM, et al
schemia induced activation of heat shock protein 27 kinases and casein kinase 2 in the

preconditioned rabbit heart. Biochem Cell Biol 1999; 77: 559.

18 Yang X-M, Proctor JB, Cui L, Krieg T, Downey JM and Cohen MV: Multiple,
brief coronary occlusions during early reperfusion protect rabbit hearts by targeting

cell signaling pathways. J Am Coll Cardiol 2004; 44: 1103.

19. Jung SE, Yun 1J, Youn YK, Lee JE, Ha J, Noh DY et al: Effect of protease inhibitor

on ischemia-reperfusion injury to rat liver. World J Surg 1999; 23: 1027.

20. Frydman J, Nimmesgern E, Ohtsuka K, and Hartl FU: Folding of nascent

polypeptide chains in a high molecular mass assembly with molecular chaperones.

Nature 1994; 370: 111.

19


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhao%20ZQ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Velez%20DA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wang%20NP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hewan-Lowe%20KO%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nakamura%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Guyton%20RA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jung%20SE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yun%20IJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Youn%20YK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lee%20JE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ha%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Noh%20DY%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�

21. Subjeck JR and Shyy TT: Stress protein systems of mammalian cells. Am J Physiol

1986; 250: 1.

22. Tsang A, Hausenloy DJ and Yellon DM: Myocardial postconditioning: reperfusion

injury revisited. Am J Physiol Heart Circ Physiol 2005; 289: H2.

20


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tsang%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hausenloy%20DJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yellon%20DM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
javascript:AL_get(this,%20'jour',%20'Am%20J%20Physiol%20Heart%20Circ%20Physiol.');�

Figure legends
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Fig. 1. Hemodynamic data during experimental period in the-rat testes.

Fig. 2. Expression_levels of HSP 70 protein and its mRNA in testis-of-rats testes. Data
are shown as mean + SEM of five to-or six separate determinations in each group.
Expression—ef-HSP 70 protein expression was normalized with protein content.
Expression-ef-HSP 70 mRNA expression was normalized with that of beta-actin mRNA.
* significantly different from control- (p<0.05).

T significantly different from I-R (ischemia-reperfusion)—(p<0.05).

Fig. 3. Histological changes evaluated by hematoxylin-eosin (HE) staining and terminal
deoxynucleotidyl transferase-mediated nick-end labeling (TUNEL) staining.
TUNEL-positive germinal cells in the seminiferous tubules (black arrows).

Original magnification: x400.

%ﬁ@fﬁ: TH b 12 pt, TH2 bOf :}

Fig. 4. A: DNA fragmentation analysis. B: Tthe apoptosis index was calculated as the
number of apoptotic cells per 100 seminiferous tubules.
* significantly different from control- (p<0.05).

t significantly different from I-R (ischemia-reperfusion). (p<0.05)
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