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Abstract
Objectives Trapidil is an antianginal compound with a
broad spectrum of pharmacological activities. In recent
years, it has been used successfully to decrease ischemia-
reperfusion injury in several organ systems. We evaluated
the eVect of trapidil on the long-term histologic damage in
testicular ischemia-reperfusion injury.
Methods Adult male Wistar rats were divided into three
groups of six rats each. One group underwent 2 h of testicu-
lar torsion; one received pretreatment with trapidil before
detorsion; and one group underwent sham operation. All
rats underwent bilateral orchiectomy 60 days after the
experiment. The mean seminiferous tubular diameter, ger-
minal epithelial cell thickness, and mean testicular biopsy
score were determined by histological examination of each
testis.
Results Testicular torsion–detorsion caused a signiWcant
decrease in the mean seminiferous tubular diameter, germi-
nal epithelial cell thickness, and mean testicular biopsy
score in the ipsilateral testes, but not in the contralateral tes-
tes. The animals treated with trapidil had a signiWcant
increase in these histological parameters as compared to the
torsion–detorsion group.
Conclusion Trapidil administration before reperfusion
may have the potential to decrease the long-term histologic
damage that occurs after experimental testicular torsion.
Trapidil is used as an antianginal drug and additional clini-

cal studies are required to elucidate the protective role of
trapidil in patients with testicular torsion.
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Introduction

Testicular torsion is a common urological emergency among
newborns, children and adolescents. The salvage rate is
directly proportional to the duration of torsion, and early
diagnosis followed by detorsion is the current management
for the preservation of spermatogenesis and fertility [1].
Although reperfusion is essential for the survival of ische-
mic tissue, there is good evidence that reperfusion itself
causes the pathophysiological cascades including an activa-
tion of neutrophils, inXammatory cytokines, and adhesion
molecules with increased thrombogenicity, release of mas-
sive intracellular Ca2+, and generation of oxygen-derived
free radicals [2, 3]. Reactive oxygen species cause DNA
damage, endothelial damage, and germinal cell necrosis.

Trapidil [5-methyl-7-diethylamino-s-triazolo(1,5-�)pyrimi-
dine], an inhibitor of phosphodiesterase and platelet-derived
growth factor, is an antianginal drug with a broad spectrum
of pharmacological activities [4]. Over the past decade,
several studies have demonstrated the protective eVect of
trapidil in various forms of tissue injury including kidney,
spinal cord, peripheral nerves, and small intestine [5–8].
More recently, it has been demonstrated that administration
of trapidil before detorsion had a protective role in the early
period of the testicular biochemical changes associated
with ischemia/reperfusion (I/R) injury [9]. However, to our
knowledge, the role of trapidil on the long-term histological
damage in testicular I/R injury is undeWned. In the present
study, we examined whether trapidil has a protective eVect
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on long-term histologic damage after testicular torsion
followed by 60 days recovery.

Materials and methods

The study included 18 adult male Wistar rats weighing
270–300 g. The rats were maintained on a 12-h light/dark
cycle. The ethical committee on animal research at our
institution approved the protocol for all animal experi-
ments. We provided appropriate care and use of the labora-
tory animals as recommended by the Board of Registry
publication guidelines.

Chemicals

We used an antianginal drug trapidil (Rocornal, Rentschler
Biotechnologie GmbH, Laupheim, Germany). The adminis-
tration mode and dose of trapidil in this study corresponded
to those used in previous experimental studies [6, 9].

Animal preparation and surgical procedure

The rats were divided into three groups of six rats each.
One group underwent 2 h of testicular torsion; the second
received pretreatment with trapidil before detorsion; and
the third underwent a sham operation. Surgery was done
with the subject under ketamine anesthesia (single intra-
peritoneal 50-mg/kg dose). All surgical procedures were
performed through standard ilioinguinal incisions [10–12].

In the torsion–detorsion (T–D) group, the gubernaculum
was divided, and the testis was freed from its longitudinal
and distal pole attachment to the epididymis. Torsion was
created by rotating the left testis 720° clockwise and main-
tained by Wxing the testis to the scrotum with a 4-0 silk
suture placed through the tunica albuginea. After 2 h of tor-
sion, the testis was counter-rotated back to the natural posi-
tion and reinserted into the scrotum. The wound was closed
using 3-0 catgut suture.

In the group receiving trapidil before detorsion, the same
surgical procedure was done as in the T–D group, but trapi-
dil (40 mg/kg) was injected intraperitoneally for 30 min
before detorsion and closure.

In the control group (sham group), a sham procedure
was performed. This consisted of same procedure as in the
T–D group, except that after rotating the testis 720° clock-
wise, it was immediately relieved, and a 4-0 silk suture was
placed through the tunica albuginea.

Histologic preparation

After 60 days, bilateral orchiectomy was performed, and
the rats were killed by pentobarbital overdose (200 mg/kg)

and bilateral thoracotomy. The testes were Wxed in Bouin’s
solution (7.5 mL saturated picric acid, 2.65 mL glacial ace-
tic acid and 2.5 mL 7% formaldehyde), postWxed in 70%
alcohol, and embedded in paraYn blocks. Sections (5 �m)
were obtained, deparaYnized, and stained with hematoxy-
lin–eosin.

Histologic evaluation

The testicular tissue was evaluated in random order with
standard light microscopy by an observer who was unaware
as to which group the rat had belonged. Three slides, pre-
pared from the upper, lower, and midportions of the testes,
were evaluated completely for each testis. The mean semi-
niferous tubular diameter (MSTD), germinal epithelial cell
thickness (GECT), and mean testicular biopsy score
(MTBS) were used to evaluate in 20 seminiferous tubules
of each section. The MSTD was calculated using a micro-
scope-adaptable micrometer. The MSTD of each testis was
determined in microns. GECT was determined by counting
the number of epithelial cells from the basement membrane
to the lumen at 90°, 180°, 270°, and 360°, and averaged.
The MTBS was graded using Johnsen’s score [13]. A score
of 0–10 was given to each tubule according to epithelial
maturation.

Statistical analysis

All data were expressed as the mean § standard deviation.
Analysis of variance was used for statistical analysis of the
data among the groups. Multiple comparisons were made
using Tukey’s procedure, with P < 0.05 considered statisti-
cally signiWcant.

Results

The values of MSTD, GECT, and MTBS of each group are
shown in Table 1 and Fig. 1a–c. When compared with the
sham group, the MSTD, GECT, and MTBS obtained from
the T–D group were signiWcantly lower in the ipsilateral
testes (P < 0.001). These three histologic parameters in the
ipsilateral testes of the trapidil group were signiWcantly
higher than the values in the T–D group (P < 0.01). All the
parameters of contralateral testes did not reveal any statisti-
cally signiWcant diVerences among these groups (P > 0.05).

Discussion

Testicular torsion is a surgical emergency. Late presenta-
tion or failure to diagnose and correctly manage this condi-
tion leads to testicular injury and subfertility [1]. The
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results of the present study indicate that testicular T–D
induces progressive histologic changes as a result of I/R
injury. Previous studies with a rat model of testicular tor-
sion have demonstrated that a 2-h, 720° rotation of the tes-
tis followed by reperfusion causes a signiWcant increase in
testicular lipid peroxidation products, nitric oxide (NO)
content, and neutrophil accumulation [10]. The events
result in permanent loss of spermatogenesis. The lesions in
the present study are characterized by a decrease in semi-
niferous tubule diameter, germinal epithelial cell thickness,
and degree of spermatozoal maturation.

Trapidil is an antiplatelet agent that acts in part as a
phosphodiesterase inhibitor and a competitive inhibitor of
the platelet-derived growth factor. It has been used as a cor-
onary agent in clinical practice for many years [4]. On the
other hand, trapidil has the pharmacological properties
including nitroglycerine-like vasodilating action, inhibition
of platelet aggregation, facilitation of the biosynthesis of
prostacyclin, inhibition of thromboxane A2 and reduction
of lipid peroxidation [6, 9, 14]. It also reduces the produc-
tion of tumor necrosis factor-alpha, interleukin-6, and inter-
leukin-12 and procoagulant activity by inhibition of the
CD40 pathway of monocytes and macrophages [15]. As
trapidil has these broad spectrum of biological activities,
several investigators used trapidil in various forms of tissue
injury including kidney, spinal cord, peripheral nerves, and
small intestine [5–8].

In the present study, we evaluated the eVects of trapidil
only in the late phase of I/R. More recently, the eVects of
trapidil in early phase of testicular I/R has also been
reported [9]. Somuncu et al. [9] demonstrated that trapidil
administration before 4 h of detorsion caused a statistically
signiWcant decrease in testicular malondialdehyde and NO
levels in the rat model of testicular torsion. They concluded
that trapidil decreased free oxygen radical formation in tes-
ticular torsion and detorsion. However, very short follow-
up in that study was not adequate to determine the true pro-
tective eVect of trapidil on histologic damage in testicular I/
R injury. Somuncu et al. [9] found that no histologic
changes were seen in sham and sham plus trapidil groups in

the early phase of testicular I/R. The additional results may
seem of little clinical relevance and we did not use sham
plus trapidil group.

Interstitial changes related to I/R of the testis are impor-
tant and Somuncu et al. [9] demonstrated that I/R creates
increased capillary edema, congestion, interstitial hemor-
rhage and hemorrhagic infarcts in the injured testis. They
also reported that trapidil reduced cellular damage and
hemorrhage in testicular torsion and detorsion. The suc-
cessful results in the early period led us to evaluate the
eVect of trapidil on long-term histologic damage in the tes-
ticular torsion model of the rat. In the present study, we
have obtained data showing for the Wrst time that trapidil is
eVective in reducing long-term histologic damage resulting
from testicular I/R, and preservation of the histological
parameters, including MSTD, GECT, and MTBS, are sig-
niWcantly maintained in animals treated with trapidil.

In the present study, we have examined three histologi-
cal parameters associated with reperfusion injury: (1) semi-
niferous tubule diameter, (2) germinal epithelial cell
thickness, and (3) degree of spermatozoal maturation. The
results of our study support the hypothesis of improved
seminiferous tubule diameter, survival of the germinal epi-
thelium, and preservation of spermatogenesis with trapidil
treatment before detorsion of the testis. All these histologic
parameters may give an accurate measurement of the
degree to which spermatozoal maturation is taking place
within the seminiferous tubule and also the level of sper-
miogenesis that is related to fertility [11, 12]. However,
several previous studies evaluated the sperm concentration
and quality for long-term evaluation of testicular I/R injury
[16–19]. We did not use sperm agglutination test, daily
sperm production, and epididymal sperm concentration and
motility. Our results may encourage other investigators to
evaluate the eVect of trapidil on sperm concentration and
quality for long-term evaluation of testicular I/R injury in
further studies.

Most of the previous experimental studies showed the
beneWcial eVects of the reactive oxygen species scavengers
on short-term results in testicular I/R injury. Can et al. [20]

Table 1 Mean values of seminiferous tubular diameter (MSTD), germinal epithelial cell thickness (GECT), and testicular biopsy score (MTBS)
in ipsilateral and contralateral testes

a Versus sham in the ipsilateral testes (P < 0.001)
b Versus torsion–detorsion in the ipsilateral testes (P < 0.01)

No statistically signiWcant diVerences in contralateral testes among groups (P > 0.05)

Groups MSTD § SD (�m) GECT (mean cell layers § SD) MTBS § SD

Ipsilateral Contralateral Ipsilateral Contralateral Ipsilateral Contralateral

Torsion–detorsiona 124.41 § 22.45 264.14 § 13.23 1.4 § 0.43 7.92 § 0.44 3.41 § 1.45 9.46 § 0.25

Trapidilb 180.24 § 36.02 253.47 § 11.91 4.41 § 2.58 7.75 § 0.93 7.65 § 1.70 9.72 § 0.14

Sham 281.17 § 12.21 264.14 § 13.23 8.07 § 0.6 8.03 § 0.66 9.90 § 0.39 9.81 § 0.70
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reported that vasoactive intestinal peptide (VIP) can protect
testicular tissue from 2 h of torsion followed by 1 h of
detorsion. However, they found that the protective eVect of
VIP was attenuated in the 4-h detorsion. Only two studies
to date reported long-term protective eVects of antioxidants
on testicular I/R injury [21, 22]. Although the treatment
with antioxidants had palliative eVect on the histologic
changes in testes that underwent 1 h of experimental tor-
sion, no signiWcant rescue was seen after 2 h of testicular

ischemia [21, 23]. In contrast, two recent studies from our
institution using a rat model of 2 h testicular torsion have
reported a signiWcant rescue with the use of poly(adenosine
diphosphate-ribose)polymerase inhibitors and vascular
endothelial growth factor [11, 12]. In the present study,
trapidil administration has also provided long-term protec-
tion for testicular I/R injury in a rat model.

In the present study, we found that trapidil provided a
statistically signiWcant decrease in long-term histologic
damage after 2 h of testicular torsion followed by detorsion.
The pathogenesis of testicular damage after I/R injury has
multiple mechanisms and the protective eVects of trapidil
could not be explained by a simple antioxidant eVect. As
previously stated, trapidil treatment before detorsion sig-
niWcantly reduced the concentrations of testicular NO [9].
NO, a gaseous molecule with diverse biologic functions, is
synthesized from L-arginine by a family of isoenzymes
termed NO synthases (NOSs). The results obtained from
previous studies suggested that NO played an important
role in damaging the testis with I/R [9, 10]. Our previous
study demonstrated that reperfusion for 4 h following 2 h of
ischemia elevates NO production in the model of testicular
torsion of rat [10].

On the other hand, it has been demonstrated that the loss
of spermatogenesis after I/R of the testis is due to germ
cell-speciWc apoptosis [24]. Reperfusing leukocytes are
potent generators of reactive oxygen species, and the
recruitment of neutrophils to the testis after torsion is essen-
tial for the observed pathology [3, 10, 24]. Extravasated
neutrophils become activated once in the inXammatory
sites, secreting a variety of substances such as growth fac-
tors, chemokines, and cytokines, complement components,
proteases, NO, reactive oxygen metabolites, and peroxyni-
trite, all important mediators of tissue injury [2]. Inhibition
of apoptosis may be important protective eVect provided by
trapidil. However, it has been reported that TNF receptors
induce apoptosis, and trapidil reduces the production of
TNF-� [15]. Further studies are required to clarify the rela-
tionship between trapidil and germ cell-speciWc apoptosis.
Savas et al. [25] demonstrated that the Wbrous tunica pro-
pria enveloping the seminiferous tubule was thickened due
to increased collagen Wbers in contralateral testis. They also
found that the gap between basal lamina and the germ cells
was increased because of collagen Wbers. Though apoptotic
damage is expected to resolve early after I/R, its long-term
consequences may be examined in testes tissue long after
torsion.

To date, there have been numerous experimental studies
done into the role of several treatment modalities within
testicular torsion [26–29]. However, none have been tested
in clinical trials, apart from cooling the scrotum [1]. Trapi-
dil has been used as an antianginal drug in humans, and it
may have the clinical applicability in patients with torsion

Fig. 1 Histologic Wndings of ipsilateral testes in (a) torsion–detorsion,
(b) trapidil, and (c) sham groups. Note, no recovery of spermatogenesis
observed in testes of torsion–detorsion group and preservation of sper-
matogenesis in trapidil group and normal spermatogenesis in sham
group. H&E stain, reduced from £100
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of the testicle. The use of this drug in humans in both previ-
ous studies and clinically without signiWcant side eVects
can make its potential use in testicular torsion more attrac-
tive. On the basis of the data presented in this study, we
propose that administration of trapidil may be a novel
approach for the therapy of I/R injury of the testis.

The eVect of unilateral torsion on the contralateral testis
has been controversial. It has been reported that ipsilateral
torsion does not result in contralateral testicular damage in
rats [30]. Our previous studies demonstrated that biochemi-
cal and histologic parameters of the contralateral testes did
not reveal any statistical diVerences [10–12]. The results of
the present study support our previous Wndings.

The results of the present study showed that trapidil
administration before the reperfusion period of testicular
torsion may result in prolonged testicular salvage. Trapidil
treatment before reperfusion may have the potential to
decrease the long-term histologic damage that occurs after
testicular torsion. As this drug is used in humans to control
angina pectoris or prevent platelet aggregation, we propose
that trapidil may have the clinical applicability in patients
with torsion of the testicle. For this purpose, further clinical
studies will be needed.

ConXict of interest statement There is no conXict of interest.
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