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OBJECTIVES: This study was designed to investigate prevention of contralateral testicular injury with sildenafil
citrate after unilateral testicular torsion/detorsion.

METHODS: Thirty-seven adult male rats were divided into four groups: sham operated (group 1, n = 7), torsion/
detorsion + saline (group 2, n = 10), torsion/detorsion + 0.7 mg of sildenafil citrate (group 3, n = 10) and torsion/
detorsion + 1.4 mg of sildenafil citrate (group 4, n = 10). Unilateral testicular torsion was created by rotating the
right testis 720°in a clockwise direction for 2 h in other groups, except for group 1, which was served as sham group.
After torsion (2 h) and detorsion (2 h) periods, rats were killed.

RESULTS: The level of reduced glutathion (GSH) (p<0.05) and the activities of catalase (p<0.01) and glutathione
peroxidase (p<0.05) in the contralateral testis from group 2 were significantly lower and nitric oxide (NO) (p<0.05)
level in the contralateral testis were significantly higher than those of group 1. Administration of low-dose sildenafil
citrate (group 3) prevented the increases in malondialdehyde and NO levels and decreases in glutathione peroxidase
activities and GSH values induced by testicular torsion. However, administration of high-dose sildenafil citrate
(group 4) had no effect on these testicular parameters (p>0.05). Histopathological changes were detected in groups
2, 3 and 4.

CONCLUSION: These results suggest that biochemically and histologically torsion/detorsion injury occurs in the
contralateral testis following 2-h torsion and 2-h detorsion and that administration of low-dose sildenafil citrate
before detorsion prevents ischemia/reperfusion cellular damage in testicular tissue.
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INTRODUCTION

J

death, which is attributed mainly to a reduction in oxygen
supply relative to metabolic demands, depletion of the

Testicular torsion is the most common cause of testicle
loss in newborns, children and adolescent boys.1 Although
experimental and clinical studies have demonstrated that
the contralateral (nontorted) testis is injured after unilateral
testicular torsion (UTT),>® some studies have shown that
this phenomenon is not always observed.*> The period of
ischemia and reperfusion is an important factor for
detrimental effects on the contralateral testis. Several studies
have shown that testicular tissue damage is related to the
degree of rotation of the testicle, reperfusion time and the
duration of torsion.® Testicular ischemia induces germ cell
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stored cellular energy and accumulation of toxic metabo-
lites. The reperfusion phase may significantly exacerbate
ischemia-induced germ cell injury via the formation of
reactive oxygen and nitrogen species.” Germ cell apoptosis
in the contralateral testis increased significantly after 2, 3
and 24 h of ischemia and showed direct, time-related
correlation with the duration of ischemia.® On the whole, at
least 4 h of 720° unilateral testicular torsion causes enough
testicular tissue injury in both testis in rats.” Yazihan et al.>
reported that 2 h of 720° unilateral testicular torsion and 4 h
of detorsion time caused significant biochemical and
histological changes in both ipsilateral and contralateral
testes. However, some studies previously”'” showed that 2-
h torsion and 2-h detorsion had an adverse effect on the
contralateral testis.

Although sildenafil citrate has been developed for erectile
dysfunction, it now has other medical indications (disease
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such as pulmonary hypertension, cardiovascular, spinal
cord injury and type II diabetes).” Several studies have
indicated that sildenafil may exert a powerful protective
effect against ischemia and reperfusion (I/R) injury in the
testis in rat models.'"'? Furthermore, it has been shown that
administration of sildenafil may also be useful against
ischemic injury in other organs such as the liver, colon and
brain.'®1°

In the present study, we investigated the protective effect
of sildenafil citrate on the contralateral testis after testicular
I/R injury, and we discuss the mechanisms underlying the
effects of sildenafil on these processes.

MATERIAL AND METHODS

The experimental protocols were approved by the local
Animal Use Committees of Firat University (Elazig,
Turkey) (No: 13/62 (03/09/2008). Animal care and
experimental protocols complied with the NIH Guide for
the Care and Use of Laboratory Animals (NIH publication
no. 85-23, revised 1985). This study was carried out at the
Firat University Experimental Medical Research Center.
During the study period, rats were fed with a standard
laboratory diet and allowed water. A total of 37 male
Wistar Albino rats, weighing between 220 and 250 g were
housed in a climate-controlled (relative humidity of 40-
60% and temperature of 21-24°C) animal care facility, with
a 12-h light/dark cycle. Before surgical procedures, the
animals were provided with standard rat chow and water
ad libitum. The rats were anesthetized with intramuscular
ketamine (Ketalar; Eczacibasi, Istanbul, Turkey) at 85 mg/
kg body weight and xylazine (Rompun Vet; Bayer AG,
Istanbul, Turkey) at 6 mg/kg body weight). Following
anesthesia, the skin of the scrotal area was shaved and
antisepsis was obtained using 10% povidone iodine
solution.

The rats were divided into four groups. A midline
incision was made in the scrotum. In all the groups except
for the sham-operated group, torsions were created by
rotating the right testis 720° clockwise for 2 h. The torsion
was maintained by fixing the testis in the scrotum with a 4-0
silk suture, and the incision was closed. After a 2-h torsion
period, the suture was removed, and the right testis was
then detorted and replaced in the scrotum for 2 h.

In group 1 (sham-operated group, n = 7), the testes were
taken out through the incision lines then replaced, and a silk
suture was placed through the tunica albuginea. The rats
were maintained in an ambient temperature of 24°C.

Group 2 (torsion/detorsion (T/D) + saline, n = 10) was
used as the control group. Saline (2 ml of 0.9% NaCl) was
injected intraperitoneally 1 h before the detorsion.

In group 3 (T/D + 0.7 mg/kg sildenafil citrate group, low
dose, n = 10), the treatment with intraperitoneal sildenafil
citrate (Deva Holding A.S., Degra 50 mg), 2 ml from 0.7 mg/
kg dissolved in 0.9% NaCl, was carried out 1 h before the
detorsion.

In group 4 (T/D + 1.4 mg/kg sildenafil citrate group, high
dose, n = 10), treatment with intraperitoneal sildenafil
citrate, 2 ml from 1.4 mg/kg dissolved in 0.9% NaCl, was
carried out 1 h before detorsion. The torsion lasted for 2 h
followed by a detorsion period of 2 h, after which the rats
were killed and bilateral orchiectomy performed. Contrala-
teral testis in all groups were evaluated for the biochemical
assay and histopathological examinations.
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Homogenate preparation

Tissues were washed twice with cold saline solution,
placed in glass bottles, labeled and stored in a deep freeze
(-30°) until processing (maximum 10 h). After weighing, the
tissue (1 g) was placed on dry ice, cut into small pieces with
scissors, and homogenized (2 min at 3000 x g) in five
volumes (1:5, w/v) of ice-cold Tris-HCI buffer (50 mM,
pH 7.4), using a glass Teflon homogenizer (Caliskan Cam
Teknik, Ankara, Turkey). All the procedures for preparation
were performed at 4°C. After addition of butylhydroxyto-
luol (4 ul per ml), the tissue homogenate samples were used
for immediate NO, malondialdehyde (MDA), glulathione
peroxidase (GPx), catalase (CAT) and GSH measurement.

Biochemical assay

Lipid peroxidation (as malondialdehyde) levels in tissue
homogenate were measured with the thiobarbituric acid
reaction by the method of Placer et al.'® The quantification
of thiobarbituric acid-reactive substances was determined
by comparing the absorption to the standard curve of
malondialdehyde equivalents generated by acid-catalyzed
hydrolysis of 1,1,3,3 tetramethoxypropane. The values of
MDA were expressed as umol/g protein. The GSH content
of the tissue homogenate was measured at 412 nm using the
method of Sedlak and Lindsay."” The solution was kept at
room temperature for 5 min, and then read at 412 nm on the
spectrophotometer. Results were expressed as umol/g
protein. GSH-Px activities of the tissue were spectrophoto-
metrically measured at 37°C and 412 nm according to
Lawrence and Burk.'® Results were expressed as umol/g
protein. The protein content in the tissue was measured by
the method of Lowry et al.'* with bovine serum albumin as
the standard. CAT activity was assayed in tissue homo-
genate by the Aebi*® method. The principle of the assay is
based on the determination of the rate constant (s — 1, k) for
H,0, decomposition at 240 nm using a spectrophotometer.
Results were expressed as unit/g protein. The NO content
of the tissue was determined according to method of Green
et al.”! Results were expressed as umol per gr protein.

Histopathologic evaluation

The testicular tissues from rats for histopathological
examination were collected. The tissue samples were fixed
in 10% neutral buffered formalin embedded in paraffin wax
and cut into 5-um sections and stained with hematoxylin and
eosin. The tissues were examined under a light microscope
and the microscopic scoring was graded on a scale of mild
(+), moderate (++) and severe (+++). Spermatogenesis was
assessed histopathologically using Johnsen’s mean testicular
biopsy score (MTBS) criteria.”? All cross-sectioned tubules
were evaluated systematically, and a score between 1 (very
poor) and 10 (excellent) was given to each tubule according to
Johnsen’s criteria. Light microscopy with an ocular micro-
meter was used to measure mean values of seminiferous
tubule diameter (MSTD) and germinal cell layer thicknesses
(GCLT) and to evaluate the damage to testicular tissue.
Twenty-five tubules were evaluated for each animal.

Statistical analysis

Differences between group means were estimated using a
one-way analysis of variance (ANOVA) and the Duncan test
was carried out for multiple comparisons using 11.0 for
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Table 1 - CAT and GPx activities, GSH, MDA and NO levels in the contralateral testis in all groups.

Tissue parameters Group 1(n = 7) Group 2 (n = 10) Group 3 (n = 10) Group 4 (n = 10)
CAT(k/g tissue) 14.38 + 1.16% 11.41 + 1.16" 13.97 + 1.13*" 12.22 + 3317

GSH (umol/g protein) 1.59 + 0.03* 1.50 + 0.15° 1.94 + 0.25" 1.58 + 0.34%%

GPx (umol/g protein) 23.07 + 1.20% 19.69 + 2.20° 23.43 + 5.19* 20.57 + 4.03%

MDA (umol/g protein) 0.60 + 0.02*° 0.73 + 0.03* 0.51 + 0.07° 0.58 + 0.08**

NO (umol/g tissue) 31.11 + 0.49° 33.10 + 0.22° 31.93 + 0.74°" 32.27 + 0.64%°

“TWithin rows: means with different supercript letters differ significantly (p<0.01).
#IWithin rows: means with different supercript letters differ significantly (p<0.05).

Date are expressed as mean + SEM.

Windows. Results were considered statistically significant at
p<0.05.

RESULTS

Biochemical analysis

The results of testicular CAT and GPx activities and GSH,
MDA and NO levels in contralateral testis in all groups are
shown in Table 1. Contralateral testicular tissue GSH
(p<<0.05) level, CAT (p<0.01) and GPx (p<<0.05) activities
in group 2 were lower, whereas the NO level was higher
(p<<0.05) than in the group 1. The level of MDA in group 2
was increased, although the change was not statistically
significant. GSH (p<<0.05) level and GPx (p<<0.05) activity
were significantly higher and MDA level was significantly
lower (p<<0.05) in the contralateral testis of group 3 than in
those of group 2. In group 3, contralateral testicular CAT
and GPx activities and GSH, MDA and NO levels were

similar to those of group (sham) 1. The testicular GPx and
CAT activities and GSH, MDA and NO levels in the
contralateral testis in group 4 were not significantly
different from those of group 2 (p>0.05).

Histopathologic evaluation

When the structure of the testis was histopathologically
examined, it was observed that the histological appearance
of testicular tissues of group 1 was normal (Figure 1a). There
were some histopathological changes such as degeneration,
desquamation, disorganization in germinal cells, interstitial
oedema and capillary congestion and hemorrhage in the
conralateral testis of rats in group 2 (Figure 1b). These
histopathological changes were also present to a similar
extent in contralateral testis of rats from group 4 (Figure 1d).
However, these histopathological changes were not sig-
nificantly obvious in group 3 (Table 2, Figure 1c).

s/'_w.
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Figure 1 - (a) Normal morphological appearance seminiferous tubule in contralateral testis of group 1 (H&E, 200x). (b) Degeneration,
desquamation and disorganization in germinal cell along with interstitial oedema, capillary congestion and hemorrhage in group 2
(H&E, 200x). (c) Normal morphological appearance seminiferous tubule in group 3 (H&E, 200x). (d) Degeneration, desquamation,
disorganization and reduction in germinal cell along with interstitial oedema, capillary congestion and hemorrhage in group 4 (H&E,

200 x).
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Table 2 - Degrees of some histopathological lesions of testicular sections of rats in all groups [mild (+), moderate (++),
severe (+++)].

Parameters Group 1 Group 2 Group 3 Group 4
Degeneration in germinal cells ND + - +
Desquamation in germinal ells ND + - +
Reduction in germinal cell counts ND - - +
Disorganization in germinal cells ND + - +
Interstitial oedema and capillary congestion ND + - ++
Hemorrhage ND + - ++

ND = not detected.

Significant decreases in MSTD and GCLT (p<0.01) were
observed in the testis of group 2 compared with group 1
(Table 3). MTBS value in the group 2 was decreased,
although the changes were not statistically significant.
Histological parameters such as MSTD and GCLT in the
contralateral testis of group 3 were significantly more than
the values in group 2. There were no differences between
groups 2 and 4. In other words, the administration of low-
dose sildenafil to rats resulted in an improvement in these
histopathological parameters, whereas high-dose sildenafil
did not yield an improvement, as confirmed by histopatho-
logical findings in groups 2 and 4.

DISCUSSION

The mechannisms of contralateral testis injury after UTT
has not yet been identified. Different hypotheses have been
put forward to explain this phenomenon. Foe example,
contralateral testicular damage leads to subclinical attacks
of contralateral testicular torsion, reduced contralateral
testicular blood flow, a reflex activating the sympathetic
system, underlying congenital defects, release of acrosomal
enzymes, immunological mechanism, free oxygen radical
formation after detorsion, and overproduction of NO by
activated inducible nitric oxide synthase (NOS), and
alterations in the blood flow.”?*2® In contrast, Akgur at
al.? suggested that UTT causes a decrease in the perfusion of
the contralateral testis, and levels of lactic acid, hypox-
anthine and lipid peroxidation were increased si%niﬁcantly
in the contralateral testis after UTT. Pampal et al.” said that
testicular I/R injury after 2-h torsion and 2-h detorsion
affects the contralateral testis, epididymis and the adjacent
vas deferens. They suggested that UTT leads to infertility
due to the damage on the contralateral side; this infertility
can be the consequence of testicular and epididymal injury,
and also of altered vas motility due to vas deferens injury
after testicular I/R. In addition, Aktas et al.'® found
significant increases in MDA levels and decreases in the
mean seminiferous tubular diameter and germinal epithe-
lial cell thickness after 2-h torsion and 2-h detorsion. In
contrast, Unsal et al.*® did not find any harmful effects in the

contralateral testis after 2-h torsion or detorsion in terms of
biochemical or histological parameters. In our study, 2 h of
720° unilateral testicular T/D leads to significant changes in
enzymatic antioxidants, lipid peroxidation and histological
parameters in the contralateral testis. According to our
results, in the contralateral testis of group 2, there were
significant decreases in CAT and GPx activities, GSH levels,
MSTD and GCLT, and an increase in NO level compared
with group 1. These changes in the contralatral testis after
unilateral testicular T/D were in a§reement with the
findings obtained by other researchers.””*°

In the present study, T/D caused a significant increase in
disorganization, degeneration and desquamation in germ-
inal cells, interstitial edema and capillary congestion,
hemorrhage in the contralateral testis and also reduced the
histological parameters such as MSTD and GCLT. Similar
studies demonstrated that T/D creates increased capillary
edema, congestion, interstitial hemorrhage and hemorrhagic
infarcts in the injured testis and reduced seminiferous
tubule diameter, GCLT and Johnsen’s testicular score.?”-?
Some studies reported that administration of sildenafil and
vardenafil during reperfusion reduced apoptotic cells
and testicular necrosis.'"'? In contrast, Ustiin et al.?’
reported that oral sildenafil and vardenafil (0.5 mg/kg)
had no protective effect on testicular apoptotic cell. How-
ever, in our study, we administrated sildenafil intraperi-
toneally. Consistently, intraperitoneal administration of
sildenafil'' and vardenafil'? results in significantly higher
sildenafil and vardenafil concentrations in the testicular
tissue than when administered orally. In several studies, it
has been observed that administration of sildenafil and
vardenafil during reperfusion after ischemia decreased
the myocardial infarct size by opening mitocchondrial
Karp channels in the heart.>**! Mitochondrial Karp channel
opening may prevent apoptosis, presumably by inhibiting
the mitochondrial Ca** accumulation during ischemia.*> We
propose that low-dose sildenafil administration caused a
pivotal amelioration in the testicular histological view after
T/D-induced I/R damage via a similar mechanism as
suggested by some researchers.’*" Also, administration of
low-dose sildenafil citrate improved the T/D-induced

Table 3 - Mean values of seminiferous tubules diameters (MSTD), germinal cell layer thickness (GCLT) and mean

testicular biopsy score (MTBS) in testis of all groups.

Parameters Group 1(n = 7) Group 2 (n = 10) Group3 (n = 10) Group 4 (n = 10)
MSTD (um) 294.00 + 6.79* 256.00 + 4.317 283.83 + 5.44* 267.50 + 6.32°
GCLT (um) 6.13 + 0.12* 5.50 + 0.15" 6.18 + 0.16* 4.87 + 0.34%
MTBS 10.00 + 0.00* 9.50 + 0.22*" 9.66 + 0.21* 9.00 + 0.257

“TWwithin rows: means with different supercript letters differ significantly (p<0.01).

Date are expressed as mean + SEM.
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decrease in the diameters of seminiferous tubules, GCLT
and Johnsen’s testicular score (not statistically significant).
However, administration of high-dose sildenafil citrate to
rats in group 4 imposes a protective effect on testicular I/R
injury when compared with group 2. Similarly, in a study
by Kolettis et al.,*® beneficial actions on left ventricular
function were evident after a low-dose of sildenafil (0.7 mg/
kg) administration to rats 30 min before myocardial
ischemia, but were lost after doubling the dose (1.4 mg/
kg), and compared with controls post-ischaemic recovery
was higher after low dose and unchanged after high dose. In
addition, low concentrations of sildenafil improved recov-
ery of reperfusion aortic output and infarct size, while high
concentrations worsened aortic output recovery.** Findings
obtained in group 4 were in agreement with the results of
other researchers.?>**

Since increasing level of NOS expression leads to
excessive NO production, high concentrations of NO, which
is an important free radical, may cause DNA damage and
cell death in testis. NO increases the level of cyclic
guanosine monophosphate, which results in relaxation of
the smooth muscle, creating increased blood flow. Also, NO
is a potent inhibitor of nicotinamide adenine dinucleotide
phosphate oxidase expression in vascular tissue.®® The
increased expressions of endothelial NOS and inducible
NOS in I/R damage of testis has been reported previously.*
In the present study, tissue NO levels in contralateral testis
were higher in group 2 than in group 1. Contralateral testis
injury after UTT may be due to increased tissue NO levels.
Similarly, Ustiin et al.?? found significant elevations in
endothelial NOS and inducible NOS levels in testicular
tissues after I/R damage. These authors showed that oral
administration of sildenafil and vardenafil (0.5 mg/day)
significantly increased endothelial NOS and inducible NOS
expressions in ipsilatreal testis, and they had no protective
effect on testicular I/R injury. In contrast, Erol et al.'?
reported that vardenafil treatment significantly reduced
endothelial NOS and inducible NOS levels in testicular
tissues after I/R injury. This effect of vardenafil was shown
to be mediated by increased intracellular cyclic guanosine
monophosphate levels and activation of mitochondrial Krp
channels either directly or through a variety of signaling
pathways, such as activation of protein kinase C.*® In the
present study, the tissue NO level in the contralateral testis
in group 3 was significantly lower than in groups 2 and 4. In
other words, the level of NO in group 1 was similar to those
of group 3. These results indicate the beneficial effects of
intraperitoneal low-dose sildenafil administration on I/R
damage after UTT. Therefore, our findings are consistent
with those of Erol et al.'> However, our results contradict
those reported by Ustun et al.*® The differences may be due
to oral administration of phosphodiesterase type 5 inhibi-
tors. Sildenafil acts by inhibiting phosphodiesterase type 5
activity, which by preventing the hydrolysis of cyclic
guanosine monophosphate increases the nucleotide, thus
amplifying the effect of diminished NO.*”

A possible cause of the testicular damage due to T/Dis I/
R injury attributed to neutrophil infiltration and reactive
oxygen species.*® Peroxidation of the lipids in membranes
changes membrane permeability or disrupts membrane
integrity and thus inflicts significant injury on cellular
organisms.39 However, the protective role of antioxidant
enzymes such as CAT, GSH and GPx against free radical
attack is in balance under normal conditions. In our study,
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we observed that the level of tissue MDA was increased (not
statistically significant) and GPx and CAT activites and GSH
level were significantly decreased in group 2. Previous
studies have shown similar findings that I/R injury leads to
increased MDA and inactivation of antioxidant enzymes in
rat testis.'"'*!> Intraperitoneal treatment with sildenafil or
vardenafil prevented a further increase in MDA levels and
significantly increased GSH levels and the GPx and CAT
activities after testicular T/D.'''*'® The increase in CAT
values of red blood cells after sildenafil treatments has been
attributed to the inhibition of free radicals and lipid
peroxidatior1.37’40 In the curret study, the treatment of low-
dose sildenafil before detorsion increased GSH levels and
GPx and CAT activites (not statistically significant) and
decreased the MDA level in the contralateral testis when
compared with group 2, but administration of high-dose
sildenafil did not cause significant improvement in these
parameters. The protective effect of sildenafil citrate on
oxidative stress has previously been shown in many
investigations related to I/R injury in other tissues, for
example in the liver, colon and brain.'*® This effect of
sildenafil could be associated with its inhibiting effect on the
production of lipid peroxidation via the activity and
expression of nicotinamide adenine dinucleotide phos-
phate-oxidase.>”*°

CONCLUSIONS

I/R injury may occur in the contralateral testis following
the 2-h T/D procedure. Intraperitoneal treatment of low-
dose sildenafil citrate decreased free radical formation and
increased antioxidant enzyme values and attenuated histo-
pathological damage in the testis after T/D. Whereas, high-
dose sildenafil treatment had no effect. From these results,
we suggest that low-dose sildenafil, which is safe in
humans, could be used to prevent lesion on the contralateral
testis before surgery.
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