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SUMMARY
Varicocele is ordinarily accompanied by testicular damage and male infertility. Several theories have been proposed to explain the

detrimental effect of varicocele on testis tissue, including the possible effects of oxidative stress. The poly(ADP-ribose) polymerase

(PARP) pathway has been established as a major downstream intracellular pathway of oxidative stress. Recently we have reported

that PARP pathway has been activated in varicocele-induced rat testicular damage model. The aim of the present study was to inves-

tigate the possible protective effect of PARP inhibition in varicocele-associated testicular damage. Fifty male Wistar rats were divided

into five groups: control, sham, varicocele-induced, varicocele-induced 1,5-isoquinolinediol (ISO, a PARP inhibitor)-treated, and ISO

treated groups. The ISO-treated rats received intraperitoneal injections of 3 mg/kg ISO daily for 13 weeks. After 13 weeks of varico-

cele induction, body and testes weights were investigated in all groups. Histopathology of testes were evaluated by light microscopy.

Expressions of PAR, p53 and cytochrome c were detected by immunohistochemistry and cleaved PARP-1, PAR, p53 and cytochrome

c by western blot. The degree of apoptosis was determined by TUNEL. Light microscopy revealed testicular damage comprising vari-

ous degrees of seminiferous tubule degeneration in varicocele-induced rats and their testes weights decreased significantly, whereas

ISO administration prevented it. Expressions of cleaved PARP-1, PAR, cytochrome c, and p53 increased significantly in varicocele-

induced rats, whereas the level of these molecules were similar to controls in varicocele-induced rats treated with ISO. In conclusion,

increased PARP activation in testes seems to be related with testicular damage and apoptosis associated with varicocele and pharma-

cological inhibition of this pathway might be an effective intervention to prevent varicocele-induced testicular injury.

INTRODUCTION
The male factor is one of the most common causes of human

infertility. Among the most common etiology associated with

male infertility is varicocoele (Marmar, 2001; Benoff et al., 2009).

While the varicocoele prevalence in the normal male population

is estimated to be 15%, the prevalence is approximately 40%

among infertile men (Gorelick & Goldstein, 1993; ‘The influence

of varicocele on parameters of fertility in a large group of men

presenting to infertility clinics. World Health Organization

1992’). Although the exact pathophysiologic mechanism by

which varicocoele affects sperm production is unknown,

increased oxidative stress (OS) is believed to be the main mecha-

nism by which varicocoele leads to impaired spermatogenesis.

Recent studies have shown that both reactive oxygen species

(ROS) and apoptosis markers are increased in semen of infertile

men with varicocoele (Agarwal et al., 2009). Consistent with

these results, levels of OS have also been reported to increase in

the testicular tissue of patients with varicocoele (Koksal et al.,

2003; Ozdamar et al., 2004; Ishikawa et al., 2007). The correla-

tion between increased ROS in semen of patients with a varico-

coele and amount of sperm DNA damage in these men has been

shown previously (Smith et al., 2006). It has been also demon-

strated that varicocoele is associated with an increase in DNA

damage of the spermatozoa. It appears that the level of sperm

DNA damage is significantly greater in infertile men with varico-

coele which can be associated with high levels of OS in their

semen (Saleh et al., 2003).

Although it is known that increased OS and varicocoele-

induced testicular damage are associated with each other, the

downstream intracellular pathways that are involved after ROS

generation in the testes with varicocoele still needs further inves-

tigation. One of the major downstream intracellular pathways of
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OS is PARP pathway (Radovits et al., 2007). Reactive oxidant spe-

cies are endogenous inducers of DNA strand breaks and DNA

breaks induce PARP activation. Over activation of PARP con-

tributes to the pathogenesis of various diseases associated with

OS, which has been also shown to play a fundamental role in the

etiology of male infertility among patients with varicocoele.

Excessive activation of PARP in pathological conditions results

in rapid depletion of intracellular NAD+ and decreased rate of

glycolysis and mitochondrial respiration, therefore, eventually

leads to cellular dysfunction and cell death (Berger, 1985;

Schraufstatter et al., 1986). Therefore, it maybe hypothesized

that over activation of PARP pathway as a consequence of

increased OS and subsequent DNA strand breaks may be related

with varicocoele-associated male infertility. Previously, we

showed that PARP-1 expression in germ cells of male rats

increased significantly after varicocoele induction (Tekcan et al.,

2012). In this respect, it is important to evaluate whether PARP

over activation and varicocoele-induced testicular dysfunction

are related and whether testicular dysfunction could be pre-

vented utilizing PARP inhibitors. In this study, therefore, we

investigated whether the pharmacological PARP inhibition

might be a therapeutically viable strategy in alleviating the tes-

ticular damage induced by varicocoele in rats.

MATERIALS ANDMETHODS
Fifty male Wistar rats weighing 250–300 g were used in this

study. All animals were housed under controlled conditions and

fed the same diet and maintained in a constant environment

with a 12-h light/dark cycle. The experimental protocol was

approved by the Animal Care and Usage Committee of Akdeniz

University and was in accordance with the Declaration of Hel-

sinki and International Association for the Study of Pain

guidelines.

Experimental rat model of varicocoele

The establishment of the control, sham, and experimental

groups are previously described (Turner, 2001; Tekcan et al.,

2012). Briefly, 20-week-old adult rats were used for the control

group (n = 10) and rats underwent sham operation at 7 weeks of

age and were killed 13 weeks later (n = 10). Animals in the varic-

ocoele group underwent partial ligation of the left renal vein at

7 weeks and were killed 13 weeks later. Animals in ISO (PARP

inhibitor) group (n = 10) received intraperitoneal (i.p.) injections

of 3 mg/kg ISO daily for 13 weeks. Animals in the varicocoele-

induced ISO-treated group (n = 10) were treated with ISO

(3 mg/kg/day, i.p.) 24 h before induction of varicocoele and

repeated at 24 h intervals for 13 weeks. The dose of ISO used in

this study was chosen based on previously published data

demonstrating a protective in vivo effect of ISO against tissue

damage in rats by inhibiting PARP activation (Drel et al., 2009a,

b; Dalaklioglu et al., 2010, 2012). Thus, in this study, ISO was

administered intraperitoneally at a dose of 3 mg/kg every day

for 13 weeks, and all animals were observed carefully. A success-

ful varicocoele rat model was created to have a spermatic vein

with a diameter >1.0 mm with visible varicosity at the distal end

of the spermatic vein. Three rats in the varicocoele-induced

group, two in the varicocoele-induced ISO-treated group were

excluded because of unsuccessful surgery or death. Body weights

and testes weights were obtained in all groups. Animals were

killed and left testicular tissues were removed for protein

analysis. From each animal, left testicular tissues from five ani-

mals were fixed in Bouin’s fixative for immunohistochemistry

and five left testes from other animals were frozen in liquid

nitrogen for western blot analysis. In all experimental groups,

animals were housed one per cage only during the first week fol-

lowing surgical procedures to minimize the impact and time of

social isolation. There were no behavioral and physiological

changes that could interfere with the results obtained in this

experimental model.

Histological evaluation

Testicular tissues were put into Bouin’s fixative for 4 h and

were cut into horizontal slices for better fixation. Fixed testes tis-

sues embedded in paraffin were dewaxed and dehydrated in

ethanol, and stained with hematoxylin and eosin for histopatho-

logical evaluations.

Immunohistochemistry

After deparaffinization, antigen retrieval was performed with

50 mM glycine (pH 3.5) for 10 min and the testes sections were

treated with 0.3% hydrogen peroxide (3% H2O2) prepared in

methanol for 10 min to block endogenous peroxidase activity.

Then, sections were incubated with Ultra V Block (Labvision,

Freemont, CA, USA) for 7 min at room temperature to block

non-specific antigen binding. Rabbit polyclonal PAR (LSBio, LS-

C74156) primary antibody, rabbit monoclonal cytochrome c

(Cell Signaling 4280) primary antibody, and rabbit polyclonal

p53 (Bioss, BS-0033R) primary antibody were applied in 1 : 500

dilution and incubated overnight at +4 °C in a humidified cham-

ber. After washing with phosphate-buffered saline (PBS; 150 mM

NaCl, 10 mM potassium phosphate buffer), the sections were

incubated with biotinylated horse anti-rabbit IgG (3 mg/mL;

Vector, Burlingame, CA, USA) at 1 : 500 dilution for 45 min at

room temperature. The antigen–antibody complex was detected

using an avidin-biotin horseradish peroxidase complex with a

Universal LSAB Kit (Dako, Glostrup, Denmark). Diaminoben-

zidine (3,3-diaminobenzidine tetrahydrochloridedihydrate;

Sigma, St. Louis, MO, USA) was used as the chromogen, the sec-

tions were mounted with Permount (Fisher Chemicals, Zurich,

Switzerland) on glass slides, and then evaluated under a light

microscope. For controls, the sections were incubated with non-

immune IgG3 (MAB007, R&D Systems, Minneapolis, MN, USA)

and rabbit serum (X0902, Dako) at the same concentrations with

primary antibodies. Pictures were taken with an Axiophot micro-

scope (Zeiss, Oberkochen, Germany).

Western blotting

Left testis supernatants were collected after homogenization

of testes tissue and total protein concentration was measured by

Bradford assay. Protein samples were heated at 95 °C for 5 min,

subjected to sodium dodecyl sulfate polyacrylamide gel elec-

trophoresis, and then transferred to polyvinylidene difluoride

(PVDF) membranes. The membranes were rinsed in TBS-T and

blocked with 5% non-fat dry milk in TBS-T for 1 h, followed by

overnight incubation at 4 °C with the rabbit polyclonal PARP-1

(Ab 6079, Abcam) primary antibody (dilution, 1 : 300) and rabbit

polyclonal PAR (LSBio, LS-C74156) primary antibody (dilution,

1 : 400) for the evaluation of PARP activity, rabbit monoclonal

cytochrome c (Cell Signaling 4280) primary antibody (dilution,

1 : 400), and rabbit polyclonal p53 (Bioss, BS-0033R) primary
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antibody. As an internal standard to confirm the equal loading of

the proteins, b-actin was used. The membranes were incubated

with biotinylated secondary antibody (anti-rabbit, Vector, cata-

log no. PI-1000) at 1 : 5000 dilution for 1 h at room temperature,

followed by incubation for 30 min with a peroxidase-labeled

avidin–biotin complex (ABC kit, Vector Laboratories). Immuno-

labeling was visualized with chemiluminescence reagent-based

Super Signal CL HRP Substrate System (Thermo Scientific, cata-

log no. 34080), and the membranes were exposed to Hyperfilm.

Finally, the band intensity was measured with QUANTITY ONE soft-

ware (BioRad, Irvine, CA, USA).

Terminal deoxynucleotidyl transferase dUTP nick end labeling

(TUNEL) analysis

Cell death was detected by TUNEL assay in the control, sham,

varicocoele-induced, varicocoele-induced ISO-treated, and ISO-

treated groups using the In Situ Cell Death Detection Kit (Roche

catalog no. 11 684 809 910). The procedure was applied accord-

ing to the manufacturer’s instructions. Paraffin sections of 5-lm
thickness from the testis tissues were washed twice in PBS for

5 min. After washing, the sections were incubated with the per-

meabilization solution (0.1% Triton X-100 in 0.1% sodium

citrate) for 8 min at 4 °C and washed twice with PBS for 5 min;

the labeling reaction was performed with 50 mL of terminal

deoxynucleotidyl transferase-mediated deoxyuridine triphos-

phate nick end labeling (TUNEL) reagent for each sample,

except negative control, in which reagent without enzyme was

added and incubated for 1 h at 37 °C. After washing, the sections

were incubated with converter reagent for 30 min at 37 °C. Color
development for localization of cells containing labeled DNA

strand breaks was performed by incubating the slides with Fast

Red substrate solution for 5 min. Apoptotic index (AI) was deter-

mined to record the presence or absence of cell death in each

tissue specimen. All seminiferous tubules from each group were

observed, and the numbers of TUNEL-positive and TUNEL-

negative seminiferous tubules were recorded. The seminiferous

tubules with apoptotic cell signals were defined as positive semi-

niferous tubules. The positive seminiferous tubule rate was cal-

culated by multiplying the ratio of positive tubules to total

number of tubules by 100.

Statistical analysis

Statistical calculations were performed using Sigma Stat v3.0

(Jandel Scientific Corp.). Significant findings were further com-

pared by one-way analysis of variance with Tukey post hoc test.

p < 0.05 was considered statistically significant.

RESULTS

Evaluation of the varicocoele model

The testis/body weight ratios of control, sham, and ISO-trea-

ted groups were similar. In varicocoele-induced group, the tes-

tis/body weight ratio decreased significantly when compared to

control group indicating the presence of testicular tissue dam-

age. In varicocoele-induced ISO-treated group, the testis/body

weight ratio was higher when compared to varicocoele-induced

group (Table 1).

Histological analysis of testicular tissue in control, sham, and

ISO-treated groups showed normal morphology of the seminif-

erous tubules and apparent spermatogenesis (Fig. 1a). However,

significant testicular tissue damage and spermatogenesis defects

were present in varicocoele-induced testes when compared to

control (Fig. 1a). In varicocoele-induced rats, most of the semi-

niferous tubules showed irregular layers of germ cells and few

spermatozoa and germ cells sloughed into lumen. Distance of

interstitial tissue space between the tubules was greater in varic-

ocoele-induced group than in control (Fig. 1b,d). Treatment

with ISO markedly diminished the testicular tissue damage

induced by varicocoele. Histology of testes was well preserved in

varicocoele-induced ISO-treated group and was similar to con-

trol (Fig. 1a).

Immunohistochemistry and western blot findings

Immunohistochemical staining of PAR protein, the end pro-

duct of PARP activation, revealed that its expression was higher

in seminiferous tubules of varicocoele-induced rats when com-

pared to control, sham, and ISO groups (Fig. 1b). In varicocoele-

induced ISO-treated rats, expression of PAR protein was similar

to the expression of PAR in control testes (Fig. 1b). Western blot

analysis confirmed that the level of PAR protein was higher in

varicocoele-induced testes than in control, sham, and ISO testes

and it decreased significantly in varicocoele-induced ISO-treated

group being similar to control group (Fig. 1c,d). While varico-

coele induction increased p53 (Fig. 2a) and cytochrome c

(Fig. 2b) expressions in testes when compared to control, sham,

and ISO testes, the expressions of these proteins in varicocoele-

induced ISO-treated group were similar to control group. Wes-

tern blot analysis of cleaved PARP-1, p53, and cytochrome c

showed that varicocoele induction significantly increased the

expression of these proteins when compared to control, sham,

and ISO groups. The expression levels of cleaved PARP-1, p53,

and cytochrome c proteins decreased significantly in varico-

coele-induced ISO-treated group (Fig. 2c,d).

TUNEL

We performed TUNEL analysis to assess the level of cell death

in all groups. The ratio of cell death was approximately threefold

higher in varicocoele-induced testes when compared to control,

sham, and ISO testes. The ratio of TUNEL-positive cells was sim-

ilar to control group in varicocoele-induced ISO-treated testes

(Fig. 3a,b).

DISCUSSION
This study was carried out to investigate the effect of PARP

inhibition on testicular damage induced by varicocoele. Our

findings are summarized in Fig. 3c and indicate that testicular

damage caused by varicocoele induction can be related to over

Table 1 The ratio of testis and body weights after varicocoele-induced and

varicocoele-induced rats treated with ISO (varicocoele + ISO)

Groups Left testis

weight (g)

Body weight (g) Left testis weight/

body weight

Control 1.70 � 0.06 367.2 � 9.5 0.0047 � 0.0002

Sham 2.02 � 0.03 456.8 � 18.4 0.0045 � 0.0002

ISO 1.93 � 0.07 404.2 � 19.4 0.0048 � 0.0002

Varicocoele 1.72 � 0.07 442.1 � 12.9 0.0039 � 0.0002*

Varicocoele + ISO 1.85 � 0.09 374.8 � 9.9 0.0049 � 0.0003**

*p < 0.05 vs. control. **p < 0.005 vs. varicocoele (n = 10 each group).
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(A) (i)

(iv) (v)

(ii) (iii)

(i)

(iv) (v)

(ii) (iii)(B)

(C) (D)

Figure 1 Images of control (i), sham (ii), ISO (iii), varicocele-induced (iv) and varicocele-induced rats treated with ISO (v) testes. Testes stained with hema-

toxylin and eosin (a). Disrupted tubules in varicocele-induced testes are marked with black asterisk and normal tubules in varicocele-induced rats treated

with ISO testes are marked with red asterisk. The expression of PAR protein by immunohistochemistry (b) showed that, it was higher in varicocle-induced

(iv) testes compared with control (i), sham (ii), ISO (iii) and also it was similar to control in varicocele-induced rats treated with ISO (v) testes. The cells that

express PAR protein are marked with black arrows and disrupted tubules in varicocele-induced testes are marked with black asterisk (a).Evaluation of PAR

level of left testes tissues by Western blot analysis in control, sham, ISO, varicocele-induced and varicocele-induced rats treated with ISO (VRX+ISO) testes

(c). Quantitative analysis of protein expressions are presented as graphics (d). *p < 0.05 vs. control, #p < 0.05 vs. varicocele. [Colour figure can be viewed

at wileyonlinelibrary.com]
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(A)

(B)

(C) (D)

(i) (ii) (iii)

(iv) (v) (vi)

(i) (ii) (iii)

(v) (vi)(iv)

Figure 2 Evaluation of p53 (a) and cytochrome c (b) expression by immunohistochemistry in control (i), sham (ii), ISO (iii), varicocele-induced (iv), varico-

cele-induced rats treated with ISO (v) testes and negative control (vi). The cells that express p53 (a) and cytochrome c (b) proteins are marked with black

arrows. The evaluation of p53, cytochrome c and c-Parp-1 levels by western blotting in each groups (c). Quantitative analysis of protein expressions are pre-

sented as graphics (d). *p < 0.05 vs. control, #p < 0.05 vs. varicocele. [Colour figure can be viewed at wileyonlinelibrary.com]
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activation of PARP/p53/cleaved PARP-1 and cytochrome c

which may lead to increased cell death. Strikingly, PARP inhibi-

tor treatment prevented the testicular damage caused by varico-

coele by decreasing the expressions of PAR, p53, cleaved PARP-1

and cytochrome c levels as well as cell death.

We have demonstrated that induction of varicocoele caused

marked testicular damage in rats which has been determined by

the presence of various degrees of seminiferous tubule degener-

ation that could be prevented by ISO treatment. It is known that

OS-induced tubular damage plays an important role in the

varicocoele-induced testicular injury (Koksal et al., 2000; Agar-

wal et al., 2009). Alterations in the testicular microenvironment

and hemodynamics can increase production of ROS and/or

decrease the local antioxidant capacity, resulting in OS. While

the association between OS and varicocoele-induced testicular

damage is partly investigated, the downstream cellular mecha-

nisms involved after ROS generation are still unknown. The

PARP pathway has been recently established as a major down-

stream intracellular pathway of OS (Radovits et al., 2007). It is

well-known that PARP-1’s basal enzymatic activity is very low,

(A) (i)

(ii)

(iii)

(iv)

(v)

(B)

(C)

Figure 3 Representative photomicrographs for TUNEL in control (i), sham (ii), ISO (iii), varicocele-induced (iv) and varicocele-induced rats treated with ISO

(v) testes. The increased cell death in tubules of varicocele-induced testes by marked with black asterisk and TUNEL-positive cells are marked with black

arrows (a). The level of cell death is determined by apoptotic index and is represented as graphics (b). *p < 0.05 vs. control, #p < 0.05 vs. varicocele. Our

findings are summarized in c and these findings clearly suggest that varicocele cause damage in rat testes because of lead to overactivation of PAR, p53,

cleaved PARP-1 and cytochrome c and finally lead to increased apoptosis. Strikingly, the treatment of ISO, a potent PARP inhibitor, prevent to testicular

damage by decreased to apoptosis, PAR, p53, cleaved PARP-1 and cytochrome c. Red arrows indicate that varicocele-induced overactivation of the proteins

and blue arrows indicate that prevention of varicocele-induced overactivation of the proteins by ISO. [Colour figure can be viewed at

wileyonlinelibrary.com]
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but is stimulated dramatically in the presence of damaged DNA

(D’Amours et al., 1999; Kim et al., 2005). Oxidant species are

endogenous inducers of DNA strand breakage, and are required

for PARP activation. In a study, it has been demonstrated that

infertile patients with varicocoele had a significantly higher

sperm DNA fragmentation index (DFI) than healthy controls

(Saleh et al., 2003). Once activated, the enzyme rapidly catalyzes

the transfer of ADP-ribose moieties from NAD+ to the acceptor

protein and to itself, resulting in a rapid depletion of the intra-

cellular NAD+ and ATP pools, slowing the rate of glycolysis and

mitochondrial respiration eventually leading to cellular dysfunc-

tion and death (Homburg et al., 2000). The importance of PARP

pathway is documented in several clinical conditions associated

with OS (Tasatargil et al., 2008; Dalaklioglu et al., 2010, 2012;

Celik-Ozenci et al., 2011). Moreover, in a previous study, we

showed that both PARP-1 and PAR expressions in germ cells

increased as a consequence of elevated OS in varicocoele-

induced rat testes (Tekcan et al., 2012). Results of this study also

confirmed that expressions of PAR and cleaved PARP-1

increased in varicocoele-induced testes. Up to now, however, it

is unclear whether varicocoele-induced testicular damage could

be prevented by the inhibition of PARP pathway. Here, we show

first evidence in literature that ISO, a potent PARP inhibitor,

could protect testicular germ cell loss because of varicocoele

induction, thus supporting the role of PARP activation in varico-

coele-induced testicular damage.

Our immunohistochemistry findings indicated that the ratio

of TUNEL-positive cells increased in the seminiferous tubules

after inducing experimental varicocoele. Apoptotic cell death

allows cells with irrepairable DNA damage to become eliminated

in a safe way. On the other hand, it is also well-known that

PARP-1, a 113 kDa nuclear enzyme, is cleaved in fragments of 89

and 24 kDa during apoptosis (Gobeil et al., 2001). Cleavage of

PARP-1 in fragments of 89 and 24 kDa has become a useful hall-

mark of this type of cell death (Kaufmann et al., 1993) and this

may prevent its over activation and cell necrosis by preserving

cellular energy that is required for the apoptotic mode of cell

death. Our results indicated that PARP cleavage occurs in the

testes of varicocoele-induced rats and ISO treatment caused a

prominent decrease in this type of cell death ratio. Moreover,

the results of the western blot findings confirmed that ISO treat-

ment during varicocoele induction resulted in a relatively small

amount cleavage of PARP-1. These results altogether demon-

strated that inhibition of PARP over activation by ISO treatment

caused a significant reduction in apoptotic cell loss of testes

caused by varicocoele.

Several mechanisms are responsible for apoptotic germ cell

loss in varicocoele-induced testes. Although apoptosis is a physi-

ological process, alterations in the apoptosis of germ cells may

be crucial in varicocoele-related infertility (Shukla et al., 2012).

In another previous study, we showed that tumor necrosis factor

(TNF)-a-related apoptosis-inducing ligand (TRAIL) and its

receptors, known as stimulators of apoptosis, may play a role in

the pathogenesis of varicocoele-induced testicular dysfunction

by induction of DNA damage (Celik et al., 2013). These findings

thus illustrate that TRAIL and its receptors are one of the several

mechanisms that may contribute to varicocoele-induced testicu-

lar damage as a result of apoptosis. Inhibitors of apoptosis pro-

teins (IAPs), which inhibit cell death in response to diverse

stimuli (Duckett et al., 1996), affect apoptosis by direct

inhibition of caspases and modulation of the transcription factor

nuclear factor-kB (NF-kB). Neuronal apoptosis inhibitory pro-

tein (NAIP) and survivin which are two of eight mammalian IAPs

are important in testicular function and expressions level of

NAIP and survivin were significantly decreased during varico-

coele (Minutoli et al., 2015). PDRN (polydeoxyribonucleotide)

enhances testicular function and restores spermatogenic func-

tion through compensatory oxygen and metabolite supply to the

testis (Minutoli et al., 2011; Arena et al., 2012). It has been

shown that PDRN treatment modulates IAPs molecular pathway

positively and restores spermatogenic function in the varico-

coele-induced rat testis suggesting that PDRN may represent a

rational therapeutic option for accelerating recovery from

depressed testicular function through a strategic modulation of

apoptosis in experimental varicocoele (Minutoli et al., 2015).

Chang IY et al. reported that p53, at least in part, appeared to be

involved in germ cell apoptosis through experimental varico-

coele (Chang et al., 2010). In this study, we also showed that

expression of p53 protein increased in rat testicular tissue after

varicocoele induction; moreover, treatment with a PARP inhibi-

tor reversed the increased expression of p53 protein. Mitochon-

drial signaling pathway is also involved in germ cell apoptosis in

the testes. Translocation of cytochrome c from mitochondria

into cytosol is the primary event in mitochondrial signaling

pathway for apoptosis (Kluck et al., 1997). Our results have

demonstrated that induction of varicocoele caused a significant

increase of cytochrome c expression in the rat testes and ISO

treatment attenuated the expression of cytochrome c during

varicocoele induction. Taken together, these results suggest that

both p53-dependent mechanisms and mitochondrial signaling

pathways may be regulated by PARP activation and are all

involved in varicocoele-induced testicular germ cell apoptosis.

In conclusion, it appears that varicocoele triggers the over

activation of PARP pathway. This may result in cellular energetic

impairment in the testicular cells which subsequently can cause

damage in testicular tissue. Inhibition of PARP over activity effi-

ciently prevented testicular damage induced by experimental

varicocoele by decreasing both mitochondria-dependent and -

independent apoptotic pathways. To the best of our knowledge,

our results are the first clues that provide a potential rationale

for the clinical use of PARP inhibitors in reducing varicocoele-

related testicular dysfunction and damage.
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