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Abstract Testicular torsion is an important clinical
urgency. Similar mechanisms occurred after detorsion of
the aVected testis as in the ischemia reperfusion (I/R) dam-
age. This study was designed to investigate the eVects of
erythropoietin (EPO) treatment after unilateral testicular
torsion. Fifty male Sprague-Dawley rats were divided into
Wve groups. Group 1 underwent a sham operation of the
right testis under general anesthesia. Group 2 was same as
sham, and EPO (3,000 IU/kg) infused i.p., group 3 under-
went a similar operation but the right testis was rotated
720° clockwise for 1 h, maintained by Wxing the testis to
the scrotum, and saline infused during the procedure.
Group 4 underwent similar torsion but EPO was infused
half an hour before the detorsion procedure, and in group 5,
EPO was infused after detorsion procedure. Four hours
after detorsion, ipsilateral and contralateral testes were
taken out for evaluation. Treatment with EPO improved

testicular structures in the ipsilateral testis but improvement
was less in the contralateral testis histologically, but EPO
treatment decreased germ cell apoptosis in both testes fol-
lowing testicular IR. TNF-�, IL-1�, IL-6 and nitrite levels
decreased after EPO treatment especially in the ipsilateral
testis. We conclude that testicular I/R causes an increase in
germ cell apoptosis both in the ipsilateral and contralateral
testes. Eryhropoietin has antiapoptotic and anti-inXamma-
tory eVects following testicular torsion.
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Introduction

Testicular torsion is the twisting of the spermatic cord, which
cuts oV the blood supply to the testicle and surrounding struc-
tures within the scrotum. Surgery is usually required and
should be performed as soon as possible after symptoms
begin. If surgery is performed within hours, most testicles
can be saved. But usually there is an increased risk of
decreased sperm production and fertility, atrophy of testis [1,
2]. Many mechanisms like in the ischemia reperfusion (I/R)
injuries, reactive oxygen species, activation of inXammatory
cytokines etc. have been implicated in the testicular damage
following torsion and detorsion process [3, 4]. Experimental
testicular torsion models showed that it induces apoptosis
and damage in the ipsilateral and contralateral testes [5].

Erythropoietin (EPO) is produced by the kidney in
response to hypoxia and takes part in hematopoiesis [6].
EPO and its functional receptor (EPO-R) have been shown
to be present in tissues outside the blood, including the
brain, heart, gastrointestinal system, lung, testis, Leydig
cells, suggesting potential roles of EPO beyond hematopoi-
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esis and the treatment of anemia [7, 8]. It has been observed
that EPO inXuences rat Leydig cell steroidogenesis by stim-
ulating testosterone production and in humans, intravenous
EPO administration increases testosterone production dur-
ing renal failure [9]. Recent studies showed that EPO has
anti-apoptotic, anti-inXammatory, antioxidant eVects
against I/R injuries of diVerent tissues [10, 11]. InXuence of
EPO treatment during testicular torsion is not deWned yet,
in this study we made a testicular torsion model on rats and
tried to identify eVects of EPO treatment before detorsion
and after detorsion procedure. Testicular TNF-�, IL-1�, IL-
6 and nitrite levels were evaluated.

Materials and methods

Drugs

EPO (rHuEPO; Eprex, 4000 iu/Xakon, Jansen-CILAG) was
used in the experiment. Fifty adult male Sprague-Dawley
rats (250–350 g) were used for torsion model. All animals
were treated humanely and in compliance with the recom-
mendations of the Animal Care Committee of our univer-
sity and the principles of laboratory animal care of Helsinki
by the permission of Ankara University Faculty of Medi-
cine Ethics Committee. The rats were housed in a tempera-
ture-controlled room (22 § 1°C) on a 12-h light and dark
cycle, with free access to food and water.

The rats were anesthetized with pentobarbital (50 mg/
kg) and placed on temperature controlled surgery tables.
The body temperature was kept at 36 § 0.5°C during the
surgical procedures. Under aseptic conditions, surgical pro-
cedures were performed through a midline incision just
above the testis. Sham and sham-EPO group were
designed, respectively, as group 1 and 2. In group 3, which
served as the ischemia reperfusion group, the animals were
subjected to unilateral testicular torsion by rotating the right
testis 720° in a clockwise direction. Then, this testis was
maintained in the torsion position by Wxing with a silk
suture to the scrotal wall for 60 min. Then detorsion proce-
dure was applied and reperfusion was maintained for 4 h. In
group 4, EPO was given 30 min before detorsion; in group
5, it was given 30 min after detorsion procedure. EPO is
given as 3,000 IU/kg i.p. according to group procedures.
Both ipsilateral and contralateral testes were removed from
the rats at the end of the experimental periods and tissue
caspase-3, TNF-�, IL-1�, IL-6 and nitrite levels were mea-
sured. Histopathologic evaluations of testes were done.

Caspase-3 levels

Protein content of homogenates was determined with the
Bradford method. Then 100 �g of proteins was diluted with

assay buVer (50 mM HEPES, pH 7.4, 100 mM NaCl, 0.1%
CHAPS, 10 mM DTT, 2 mM EDTA, 2 mM EGTA, Triton
X-100, 0.1%) and incubated at 25°C with the colorimetric
substrates (sigma): Ac-DEVD-pNA, Ac-YVAD-pNA,
IETD-pNA, or LEHD-pNA. The Wnal concentration was
200 �M for all substrates in 96-well microtiter plates.
Cleavage of the p-nitroaniline (pNA) dye from the peptide
substrate was determined by the measurement of absor-
bance of pNA at 405 nm in a microplate reader. The results
were calibrated with known concentrations of p-NA and
expressed in pm substrate cleaved/minute and per micro-
gram protein at 25°C.

Measurement of nitrite

Nitrite was quantitated in testis tissue by using the diazotiza-
tion method which depends on the diazotization of nitrite with
an aromatic amine (sulphonamide) and formation of a colorful
azo derivative with N-(1-Naftil) etilendiamine (Griess reac-
tion). The tissue samples were homogenized and centrifuged
in 0.1 M phoshate buVered saline pH 7.4 at 10,000 rcf for
10 min. Absorbance of the supernatants was measured spec-
trophotometrically at 550 nm wave length [12].

Measurement of Cytokine levels

Protein extracts are prepared from fresh tissue samples in
Brij 150 lysis solution (tris 1 M, EDTA 0.5 M, NaCl 5 M,
10% brij 96, 10% NP40 in H2O) which contains a coctail of
protease inhibitors aprotinin, leupeptine, pepstatine, PMSF
(2 �g/ml each). Lysis solution was added as two folds of
tissue weight and homogenised using homogenizer (Fisher
ScientiWc)

Tissue supernatants were analyzed for cytokine levels
according to kit procedures for TNF-�, IL-1�, IL-6 in tripli-
cate by ELISA (Cytolab/PeproTech, Israel).

Histopathological examination

To obtain the testis to be sectioned for histopathology, rats
were killed 4 h after reperfusion of the testis. The testes
were removed and the specimens were Wxed in Bouin’s
Wxative for 24 h and subsequently paraYn embedded. Five
micrometer sections were cut and stained with H&E. They
were photographed by Zeiss Axioscope Photomicroscope.
Bilateral testis tissues were examined for histopathological
features. Acute cell injury, apoptosis and edema develop-
ment were evaluated for all groups.

Statistical analysis

Results are expressed as means § SD. Statistical analysis
was performed using one-way ANOVA and Tukey multi-
123



World J Urol (2007) 25:531–536 533
ple range tests for comparison of diVerent groups. The vari-
ance analyses using unpaired and paired Student’s t-test
were used for comparison of the ipsilateral and contralat-
eral testis cytokine results. Correlation between variables
was assessed by calculating the parametric Pearson’s corre-
lation coeYcient (SPSS 10.0). P < 0.05 was accepted as
statistically signiWcant.

Results

Histopathological examinations

Histomorphological examination of groups, showed that the
group 1 and 2 had the thickest seminiferous epithelium with

Sertoli cells and orderly spermatogenic cell lineages. The
region between the seminiferous tubules are occupied by
richly vascularized loose connective tissue and interstitial
cells (Fig. 1a, b, c). Group 2 showed minimal intertubular
edema and inXammation especially at the ipsilateral testis
(Fig. 1d). Testis from I/R (group 3) group and contralateral
testis had extensively high-level intertubular edema, extrav-
asation and inXammation (Fig. 1e, f). The tortioned testis
and the contralateral testis showed two conspicuous features,
Wrst had empty vacuolar spaces between Sertoli cells and
germ cells in multilayered seminiferous epithelium and the
other was apoptotic cells. Type A spermatogonia showed
intact morphology but Sertoli cells, some primary spermato-
cytes and round spermatids showed apoptotic signs that
were identiWed by nuclear and cytoplasmic condensation.

Fig. 1 Seminiferous Tubules 
sections in all tortioned testes 
(ipsilateral) and other (contralat-
eral) testes groups. Arrow head 
apoptosis, arrow vacuolization, 
A A Spermatogonium, asteriks 
oedoma and inXammation 
(Fig. 1a, b, e, f H&E, X50; c, d, 
g, h, i, j (H&E, X250)
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Basal membrane morphology of seminiferous tubules was
destroyed by I/R injury and blood cells invaded intraepithe-
lial spaces (Fig. 2a, b).

Vacuolization in seminiferous epithelium and apoptosis
decreased in group 4 when compared with the I/R group.
Intertubular edema and extravasation were minimal (Fig. 1g).

In group 5, intraepithelial vacuolization and intertubular
edema were mild but apoptosis was signiWcantly decreased
(Fig. 1i). In groups of 4 and 5 intraepithelial vacuolization
and intertubular edema were also high but less than contra-
lateral testis of the I/R group (Fig. 1h, j).

Caspase-3 levels

Apoptosis was evaluated by caspase-3 levels. As shown
in Fig. 3, caspase-3 levels increased after I/R in both of

the testes. EPO treatment during IR procedure signiW-
cantly decreased apoptosis of testes compared to IR group
(P < 0.001).

Tissue nitrite levels

The nitrite levels of both ipsilateral and contralateral testes
in the IR group increased signiWcantly (P < 0.001; Fig. 4).
EPO treatment decreased nitrite production after detorsion
procedure.

Cytokine levels

SigniWcant increase was seen in TNF-�, IL-1�, IL-6 protein
levels of ipsilateral torsion–detorsion group testis when
compared to other groups (P < 0.001; Table 1).

TNF-�, IL-1�, IL-6 protein levels also increased in the
contralateral testis of the I/R group. EPO treatment

Fig. 2 Seminiferous tubules 
sections group 3. Arrow head 
apoptosis, arrow vacuolization, 
A A spermatogonium, E erythro-
cyte (H&E X250)

Table 1 Cytokine levels of the both testes. Data were given as mean § SD

* represents P < 0.001

Groups Ipsilateral TESTIS 
TNF-� (pg/gr tissue)

Contralateral 
TESTIS TNF-�

Ipsilateral TESTIS 
IL-1� (pg/gr tissue)

Contralateral 
TESTIS IL-1�

Ipsilateral TESTIS 
IL-6 (pg/gr tissue)

Contralateral 
TESTIS IL-6

sham 7,626 § 615 7,559 § 843 3,031 § 333 4,510 § 465 1,227 § 247 2,107 § 417

shamEPO 7,731 § 553 8,326 § 721 2,848 § 280 3,130 § 361 1,136 § 428 1,619 § 319

IR 14,913 § 992* 15,616 § 860* 4,952 § 220* 6,244 § 781* 2,471 § 248* 2,671 § 354*

EPO before 8,149 § 342 11,605 § 726 3,207 § 479 3,239 § 538 1,671 § 185 1,991 § 444

EPO after 9,184 § 776 10,293 § 657 3,362 § 115 3,974 § 302 1,643 § 140 1,998 § 319

Fig. 3 Caspase-3 levels of the both testes. Data were given as
mean § SD. Asterisk represents P < 0.001
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Fig. 4 Nitrite levels of the testes. Data were given as mean § SD.
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decreased cytokine production especially in the ipsilateral
testis. There was no diVerence between diVerent time appli-
cations of EPO.

Testis tissue TNF-� and IL-1� levels were correlated
with nitrite levels and also with caspase-3 levels
(P < 0.001).

Discussion

Testicular torsion is a very common medical emergency.
Most of the cases result in infertility. Mechanism of the
damages after testicular torsion is similar to ischemia reper-
fusion injury [2]. Ischemia reperfusion of rat testis results
in production of reactive oxygen species, stimulation of
proinXammatory cytokines, secretion of TNF-� and IL-1�,
activation of nitric oxide synthase, apoptosis, testicular
atrophy and decreased spermatogenesis [3, 4, 13]. In this
study we studied whether EPO treatment is eVective during
testicular torsion and tried to Wnd out correct application
time of treatment. For this purpose we examined apoptosis
levels and measured proinXammatory cytokine levels of IR
damaged testis tissues without and with EPO treatment.

In this study, apoptosis, conWrmed by levels of caspase-
3. Caspase-3 levels increased after detorsion procedure in
both testes of untreated group. There are multiple factors
that are known to induce testicular apoptosis during testicu-
lar torsion. Neutrophils and macrophages recruited during
reperfusion have been implicated as mediators of parenchy-
mal injury, and because of their ability to release a variety
of toxic materials such as oxygen-free radicals and inXam-
matory cytokines, can induce testicular cell apoptosis. After
extravasation of neutrophils, the increased number of acti-
vated leukocytes can release a lot of proinXammatory cyto-
kines, oxidative substances and bioactive molecules that
lead to damage. Also damaged spermatozoa can trigger fur-
ther oxidative damage and cause expansion of damage and
apoptosis [3, 4]. In our study, extravasation and edema
were prominent in the I/R group testes. EPO is an endoge-
nous molecule, and has been known to reduce cellular inWl-
trations in inXammatory conditions such as various models
of inXammation and has antiinXammatory, antioxidant and
antiapoptotic eVects during ischemic injuries of kidney,
gastrointestinal systems etc. [10, 11, 13].

The increased levels of these cytokines are an indirect
measurement of tissue inXammation. Secretion of TNF-�
and IL-1� act as proinXammatory cytokines that induce IL-
6 production and activate stress-related intracellular and
extracellular pathways [14]. It was shown that these cyto-
kines were produced from testicular cells as well as acti-
vated interstitial macrophages [15, 16]. Especially TNF-� is
a potent modulator of normal and pathological apoptosis.
TNF-� receptor and TRAIL receptors activate a cascade

leading to apoptosis [14]. Similar to TNF-�, IL-1� produc-
tion activated upon appropriate extracellular stimuli causes
activation of inXammatory pathways. Both of them are
important for regulation of other cytokines, chemokines,
adhesion molecules, growth factors and inducible enzymes.
IL-6 is an acute phase reactant, enhances monocytes and
macrophages functions after stimulation. But it also has a
modulatory eVect on the TNF-� and IL-1� production [17].
The results of our experiment showed that TNF-�, IL-1�,
IL-6 levels increased after I/R of the testis and levels of
these cytokines decreased after EPO treatment without
depending on the application time. We found that EPO has
anti-inXammatory and antiapoptotic eVects during testicu-
lar torsion.

Nitric oxide has a very short life span. In this study we
measured nitrite that is stable end product of nitric oxide.
Many cell types such as endothelial cells, phagocytic cells,
hepatocytes as well as sertoli cells are capable of NO
release [18]. NO can easily react with the other radicals
especially with superoxide ion and produce very harmfull
substance peroxynitrite. Peroxynitrite reacts with oxidative
enzymes, thiol esters and glutathione. Nitrating agents may
have strong inhibitory potential on the spermatozoa mito-
chondrial functions [19]. Nitrite production was found to be
increased as a response to increased cytokine production
during inXammatory and pathological conditions. NO espe-
cially via iNOS, can activate many inducible intracellular
pathways like NFkb which leads to cellular apoptosis.
Inhibitors of nitric oxide synthase and reactive oxygen radi-
cals have been shown to protect tissues from ischemia rep-
erfusion induced damage [20–22]. Nitric oxide plays an
important role during testicular-torsion-induced damage
and has a vasodilatory eVect also [23]. In our study we
found that the testes of the I/R group had a high level of
intertubular edema, extravasation and inXammation which
was correlated with high levels of nitrite and proinXamma-
tory cytokines like TNF-� and IL-1�. Also in the same
group nitrite levels were signiWcantly higher than the sham-
operated group. The high nitrite levels may have been a
result of the inXammation of testis tissue. This Wnding was
supported by the histopathological appearance of same tis-
sues. Acute or chronic infection and inXammation of the
genitourinary tract usually ends with infertility. EPO treat-
ment decreased nitrite and proinXammatory cytokine pro-
duction from both testes.

It has been shown that unilateral testicular torsion may
have an adverse eVect on the contralateral testis; which has
been previously explained as immunologic and oxidative
mechanisms [5]. Although still little is known about mech-
anisms of the eVect of ischemia on apoptosis of the contra-
lateral testes. Our data demonstrate that unilateral testicular
ischemia/reperfusion produces prominent contralateral
damage, which includes a decrease in the number of germ
123
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cells, edema, disorganization, increased apoptosis. We
found that inXammatory cytokine levels of the contralateral
testes were higher than ipsilateral testis. But it was interest-
ing to note that the protective eVect of EPO treatment was
more prominent at the ipsilateral testis although EPO treat-
ment was applied systemically.

As a conclusion, in the present study, we have strong
evidence that EPO is a potential protective agent against
acute testicular damage after testis torsion. Further studies
are needed for explaining the mechanisms of protection.
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