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Abstract 

Introduction: Nitric oxide (NO) plays an important role in the isch-
emia and reperfusion process. In this study, we aimed to examine 
the effect of L-arginine, tadalafil, and their combination for preven-
tion of the ischemia reperfusion injury after testis torsion in rats. 
Methods: A total of 40 adult, male Sprague-Dawley rats were allo-
cated into five groups. Three hours of left testicular torsion was 
performed in each group, excluding the control group. While the 
ischemia reperfusion (I/R) group had no treatment, I/R + Arg group 
received L-arginine, I/R + Td group received tadalafil and I/R + Arg 
+ Td group received tadalafil and L-arginine 30 minutes before 
the detorsion. Then the left testis was untwisted for four hours of 
reperfusion. After bilateral orchiectomy, lipid peroxidation (LPx) 
and glutathione (GSH) activities were examined in testicular tissue. 
Spermatogenesis was evaluated with Johnsen’s score. 
Results: LPx levels of the I/R group were found to be significantly 
higher than for groups that received drugs for both testes (p<0.001). 
GSH levels of the combination group were higher than I/R group in 
ipsilateral testis (p<0.01) and it was significantly higher than other 
groups for contralateral testis (p<0.001 for I/R group, p<0.01 for 
I/R + Arg, p<0.05 for I/R + Td). Mean Johnsen’s score of the I/R 
group was found to be significantly lower than treatment groups 
in ipsilateral testis (p<0.001 for I/R + Arg + Td group, p<0.01 for 
other treatment goups) and contralateral testis (p<0.001). The mean 
Johnsen score of the combination group was significantly higher 
than that of other treatment groups in ipsilateral testis (p<0.05) 
and it was significantly higher than in the I/R + Td group in the 
contralateral testis (p<0.05).
Conclusions: L-arginine, tadalafil, and combination of these two 
molecules showed protective effect against ischemia/reperfusion 
injury for both testes after unilateral testis torsion. 

Introduction

Testicular torsion is a urological emergency that can result 
in ischemia and necrosis of the testicular tissue, commonly 

in young males and adolescents.1,2 Prompt surgical explora-
tion and detorsion can contribute to salvaging the testis in 
42‒88% of cases.3,4 Even if the ipsilateral testis is salvaged, 
permanent damage can occur, depending on the degree 
and duration of the torsion.1 Furthermore, the contralateral 
testis can be affected and there is a risk of infertility in those 
cases.2,5-7 

Reperfusion of the ipsilateral testis after ischemia results 
in overproduction of reactive oxygen species (ROS), cyto-
kines, and adhesion molecules, as well as migration of leu-
cocytes.8.9 Nitric oxide (NO) — produced from L-arginine by 
nitric oxide synthase (NOS) — plays an important role in this 
process as a signaling molecule. NO leads to increased lev-
els of cyclic guanosine monophosphate (cGMP), which may 
cause vasodilation and decreased adhesion of leucocytes.10 
Several studies have reported a protective effect of L-arginine 
(NO precursor) in ischemia-reperfusion (I/R) injury in rat 
testis torsion models.11,12 

Tadalafil is a phosphodiesterase-5 (PDE5) inhibitor mostly 
used for treatment of erectile dysfunction.13 Inhibition of 
PDE5 enzymes may cause increased cGMP levels, ultimately 
resulting in smooth muscle relaxation.14 Several studies have 
been published indicating different PDE5 inhibitors, such as 
sildenafil and vardenafil, may have a protective effect in I/R 
injury in rat testis models.15,16 

The aim of this study was to investigate the effect of 
tadalafil (Td), L-arginine (Arg), and combination of these 
two drugs on testicular histology and markers of ischemia 
in an I/R injury model.

Methods 

Following an approval from local ethical committee (No: 
2013–09/01) a total of 40 male Sprague-Dawley rats, weigh-
ing 250‒300 g, were included in the study. Rats were housed 
in a climate-controlled (temperature of 21–24˚C) room on 
a 12-hour light/12-hour dark cycle and with free access to 
food and water.

The protective effect of L-arginine, tadalafil, and their combination 
in rat testes after ischemia and reperfusion injury

original research



CUAJ • January-February 2017 • Volume 11, Issues 1-2E20

ozmerdiven et al.

Surgical procedures

All surgical procedures were performed under general anes-
thesia, using 1‒2% sevoflurane and 100% oxygen on anes-
thesia apparatus. A 10% povidone iodine solution was used 
for cleaning of the scrotal skin and a 2 cm horizontal scrotal 
incision was made to take the left testis out; the right testis 
was kept in scrotum without any intervention. The left testis 
was twisted 720° clockwise and attached to the wall of the 
scrotum with a 4/0 silk suture to maintain ischemia for a 
three-hour period. Following removal of the suture, the testis 
was untwisted and put back to its original position to achieve 
reperfusion for another four hours. Finally, both testes were 
sacrificed for biochemical and histopathological examination.

Groups 

The rats were allocated into five groups: Group 1 (control 
group, n=8): left testis was not twisted and the rats under-
went bilateral orchiectomy; Group 2 (I/R group, n=8): left 
testicular torsion was performed, whithout administration of 
any drug; Group 3 (I/R + Arg group, n=8): 100 mg/kg of Arg 
was dissolved in 0.9% NaCl and was given intraperitone-
ally 30 minutes before detorsion; Group 4 (I/R + Td group, 
n=8): 5 mg/kg of Td was dissolved in 0.9% NaCl and given 
intraperitoneally 30 minutes before detorsion; and Group 5 
(I/R + Arg + Td, combination group, n=8): combination of 
Arg and Td (100 mg/kg of Arg and 5 mg/kg of Td) was given 
intraperitoneally 30 minutes before detorsion.

Lipid peroxidation assay

The measurement of the tissue lipid peroxidation (LPx) level 
was taken with the thiobarbituric acid (TBA)-reactive sub-
stance assay, as described by Ohkawa et al.17 A 1.15% KCl 
solution was used to homogenize 250 mg of testis tissue 
and 0.2 ml of 1.8% sodium dodecyl sulfate (SDS), 1.5 ml 
of 20% acetic acid solution (pH 3.5), 0.8% TBA and 0.6 ml 
distilled water were added to 0.2 ml of tissue homogenate. 
The mixtures were heated at 95°C for one hour. After cool-
ing with tap water, 5 ml of the mixture of n-butanol and 
pyridine (15:1, v/v) was added and then centrifuged at 4000 
rpm for 20 min. This organic layer was measured at 532 nm 
absorbance. 1,1,3,3-tetramethoxypropane (TMP) was used 
as an external standard, and the level of lipid peroxides was 
expressed as nmol/mg wet tissue.

Glutathione assay

Glutathione (GSH) content of tissue homogenate was mea-
sured at 412 nm using the method of Sedlak and Lindsay;18 
500 mg of testis tissues were homogenized in 1.15% KCl, 
then 1 ml homogenate was added to 2 ml of 10% trichloro-

acetic acid that included 5 mmol ethylenediaminetetraacetic 
acid (EDTA) solution. The mixture was centrifuged (10000 
g for 10 minutes). A mixture of 0.4 ml of supernatant with 
2.5 ml potassium phosphate tamponade (ph 8.4) and 0.1 
ml DTNB (5.5’-dithio-bis-2-nitrobenzoic acid) was prepared. 
The solution was kept at room temperature for 20 minutres, 
and then read at 412 nm on the spectrophotometer. Results 
were expressed as nmol/g protein.

Histopathological examination

Neutral 10% buffered formalin solution was used to fix the 
testicular tissue samples. After insertion into paraffin wax, 
testicular tissue was split in to 3 mm sections and stained 
with hematoxylin and eosin. Histological examination was 
carried out under a light microscope and spermatogenesis 
was evaluated with Johnsen’s score.19 According to Johnsen’s 
criteria, a score ranging between 1 and 10 was determined 
in all cross-sectioned tubules. While a score of 1 represents 
the worst score, 10 represents an excellent spermatogenesis. 

Statistical analysis

The statistical data were analyzed using Statistical Package 
for the Social Sciences (SPSS, Chicago, IL, U.S.) version 22.0 
for Windows. All values were expressed as mean ± stan-
dard deviation (SD). The non-parametric Kruskal-Wallis test 
was used to determine the significant differences among the 
groups. Mann–Whitney U test, compared the differences 
between the groups. P values less than 0.05 were considered 
statistically significant.

Results

Biochemical examination of the testis

The I/R group had significantly higher mean level of LPx 
and lower score of GSH when compared to control group 
in both testes (p<0.001) (Tables 1, 2; Figs. 1A,1B, 2A, 2B). 

Arg administration (I/R + Arg) resulted in significantly 
lower mean values of LPx when compared to I/R group 
in ipsilateral and contralateral testis (p<0.01 and p<0.001, 
respectively). GSH levels of the I/R + Arg group were not 
significantly different when compared to I/R group in both 
testes (Tables 1, 2; Figs. 1A,1B, 2A, 2B). 

Td administration (I/R + Td) also resulted in significantly 
lower mean values of LPx when compared to I/R group 
in ipsilateral and contralateral testis (p<0.01 and p<0.001, 
respectively). GSH levels were similar when compared to 
I/R group in ipsilateral testis. However, GSH levels were 
significantly higher than in I/R group in contralateral testis 
(p=0.042) (Tables 1, 2; Figs. 1A,1B, 2A, 2B). 
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The combination group (I/R + Arg + Td) showed signifi-
cantly lower levels of LPx (p<0.001) and higher scores of 
GSH when compared to I/R group for both testes (p<0.01 
for ipsilateral, p< 0.001 for contralateral) (Tables 1, 2; Figs. 
1A,1B, 2A, 2B). Comparison of the combination group with 
other treatment groups revealed no significant difference in 
LPx levels of the ipsilateral testis. However, Lpx levels of the 
ipsilateral testis were significantly lower than in the I/R + Td 
group in contralateral testis (p=0.028). Furthermore, GSH 
levels of the combination group were significantly higher 
than in the I/R + Arg and I/R + Td groups in contralateral 
testis (p<0.01 and p=0.01, respectively) (Tables 1, 2; Figs. 
1A,1B, 2A, 2B).

Histopathological examination

The histopathological examination of the both testes with 
light microscope was normal in the control group. The I/R 
group had widespread areas of necrosis in both testis, espe-
cially in the ipsilateral testis; furthermore, edema and con-
gestion were noted. The I/R + Arg and I/R + Td groups had 
increased edema and congestion; these was not observed in 
the I/R + Arg +Td group for either testes (Fig.3). 

The mean Johnsen’s score of the I/R group was signifi-
cantly lower than the control group in both testis (p<0.001) 

(Tables 1, 2; Fig. 4A, 4B). The I/R + Arg and I/R + Td groups 
had significantly higher scores when compared to the I/R 
group for ipsilateral and contralateral testis (p<0.01 and 
p<0.001, respectively) (Tables 1, 2; Figs. 4A,4B). The com-
bination group (I/R + Arg + Td) showed higher scores when 
compared to I/R group for both testes (p<0.001) (Tables 1, 2; 
Fig. 4A, 4B). Furthermore, the combination group had better 
scores when compared to each treatment group for ipsilat-
eral testis and Td for contralateral testis (p=0.038) (Tables 
1, 2; Figs. 4A, 4B). 

Discussion

The results of the present study indicated higher levels of 
lipid peroxydation, lower levels of antioxidant capacity, and 
impaired testicular histology not only for ipsilateral testis, 
but also for contralateral testis. Testicular torsion results in 
discontinuation of perfusion on effected testis. Following 
reperfusion, testicular damage further increases by forma-
tion of ROS.8 

The condition of the contralateral testis after I/R is conflict-
ing in the literature. Several studies have reported impair-
ment of the contralateral testis.20-22 The rationale behind the 
damage in contralateral testis was explained by autoim-
munization against spermatogonium, a process caused by 

Fig. 1. (A) Comparison of Lpx levels in ipsilateral testis; p<0.05 Mann-Whitney U test, bar represent mean ± standard deviation (SD) values; (B) comparison of Lpx 
levels in contralateral testis; p<0.05 Mann-Whitney U test, bar represent mean ± SD values.  ***p<0.001; **p<0.01; *p<0.05. Arg: L-arginine; I/R: ischemia/reperfusion; 
Lpx: lipid peroxidation; Tdf: tadalafil.

Table 1. LPx and GSH levels and Johnsen scores in ipsilateral testis

Tissue parameters
Group 1:  
Control

Group 2:  
I/R

Group 3:  
I/R + Arg

Group 4:  
I/R + Tdf

Group 5:  
I/R + Arg + Tdf

p* 

LPx 0.058 ± 0.140 0.49 ± 0.288 0.10 ± 0.070 0.112 ± 0.053 0.096 ± 0.031 <0.001

GSH 9869 ± 2461 6651 ± 1413 7696 ± 1557 8048 ± 1429 8621 ± 1154 0.021

Johnsen score 9.737 ± 0.13 6.862 ± 0.531 7.975 ± 0.26 7.825 ± 0.449 8.525 ± 0.416 <0.001
Data is expressed as mean ± standard deviation. *p for Kruskal-Wallis test. Arg: L-arginine;  I/R: ischemia/reperfusion; GSH: glutathion; Lpx: lipid peroxidation; Tdf: tadalafil.
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impaired blood-sperm barrier, reduction of the blood flow by 
reflex sympathetic response, and over-production of the ROS 
following reperfusion.23-25 There are also several studies that 
report no effect of testicular torsion on contralateral testis.25,26

ROS over production, inflammatory response, and lipid 
peroxidation are important steps in I/R injury.8,27 NO plays 
a major role in inflammatory response after reperfusion. 
Although being a free oxygen radical itself, NO regulates 
the severity of the inflammatory process, such as decreasing 
leucocyte infiltration and inflammatory cytokines.28 

The idea of providing NO to the ischemic tissue before 
reperfussion has gained interest and Arg was used for this 
purpose in a few studies. Dokucu et al reported a protec-
tive effect of Arg on testicular histology of the controlateral 
testis following an ischemia period of six hours.11 The authors 
evaluated testicular tissue 21 days after I/R and speculated 
NO was acting as a vasodilator to protect testis. Similarly, 
Barlas et al found Arg-infused rats had reduced reperfusion 
injury in a 30-minute torsion/detrosion model.12 However, 
Ozokutan et al found increased damage with Arg after four 
hours of torsion/detorsion in a rat model.29

The PDE5 inhibitors were originally developed for treat-
ment of erectile dysfunction and today these molecules can 
be used in other diseases, such as benign prostate hyper-

plasia and pulmonary hypertension.13,30,31 The effect of PDE5 
inhibitors on testicular torsion is conflicting in the literature. 
Beheshtian et al demonstrated beneficial effects of silde-
nafil administration before detorsion in an I/R rat model. 
They reported increased levels of antioxidant enzyme levels, 
decreased levels of lipid peroxidation, and germ cell apop-
tosis.32 Similarly protective effects of low-dose sildenafil on 
contralateral testis were reported in another study;15 how-
ever, they found high-dose sildenafil had no protective effect 
on testis histopathologically or biochemically. In another 
study, vardenafil administration was found to have protective 
effects in rat testis after 30 minutes of torsion and four hours 
reperfusion.16 Contrary results were reported with sildenafil 
or vardenafil administration after one hour of ischemia and 
two hours of reperfusion in yet another study.33  

The main outcome from the present study indicates Td 
and Arg combination has better results when compared to 
each treatment group alone, especially in contralateral testis. 
To the best of our knowledge, this is the first study reporting 
superiority of this combination. We speculate the combina-
tion of these two molecules may have a synergistic effect 
on vasodilation and suppression of local immune response 
after reperfusion.

Fig. 2. (A) Comparison of GSH levels in ipsilateral testis p<0.05 Mann-Whitney U test; bar represent mean ± standard deviation (SD) values; (B) comparison of GSH 
levels in contralateral testis; p<0.05 Mann-Whitney U test, bar represent mean ± SD values. ***p<0.001; **p<0.01; *p<0.05. Arg: L-arginine; GSH: glutathione; I/R: 
ischemia/reperfusion; Tdf: tadalafil.

Table 2. LPx and GSH levels and Johnsen scores in contralateral testis

Tissue parameters
Group 1:  
Control

Group 2:  
I/R

Group 3:  
I/R + Arg

Group 4:  
I/R + Tdf

Group 5:  
I/R + Arg + Tdf

p* 

LPx 0.063 ± 0.020 0.473 ± 0.263 0.105 ± 0.059 0.113 ± 0.051 0.08 ± 0.0180 <0.001

GSH 8309 ± 1016 7481 ± 1540 8276 ± 1668 9421 ± 1546 11625 ± 1200 0.001

Johnsen score 9.775 ± 0.175 7.237 ± 0.388 8.837 ± 0.311 8.812 ± 0.269 9.120 ± 0.183 <0.001
Dates is expressed as mean ± standard deviation. *p for Kruskal-Wallis test. Arg: L-arginine;  I/R: ischemia/reperfusion; GSH: glutathion; Lpx: lipid peroxidation; Tdf: tadalafil.
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Fig. 3. (A) Normal morphological appearance of seminiferous tubule; spermatids are present in ipsilateral testis of control group (black arrow); (B) maturation arrest 
of germ cells, desquamation and disorganization of germ cell layer in ipsilateral testis of ischemia/reperfusion (I/R) group (black arrow); (C) maturation arrest, 
desquamation, and disorganization of germ cell layer in contralateral testis of I/R group; (D) degeneration and maturation arrest in germinal cells was noticed in 
ipsilateral testis of I/R + L-arginine group and spermatocytes were preserved (black arrow). Hemorrhage and edema around the vessels were noticed (white arrow); 
(E) degeneration and maturation arrest in germinal cells was noticed in ipsilateral testis of I/R + tadalafil group and spermatocytes were preserved (black arrow). 
Hemorrhage and edema around the vessels were noticed (white arrow); (F) in combination group hemorrhage and edema was not evident in ipsilateral testis. A 
better level of maturation of spermatids were recognized than in other treatment groups (black arrow). 
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Conclusion 

Unilateral testicular torsion has a hazardous effects for both 
testes in rats. Administration of Arg or Td has protective 
effects on both testes. Combination of these two molecules 
results in reduction of lipid peroxidation, increase of anti-
oxidant capacity, and better preservation of the testicular 
histology. This is more evident in contralateral testis, which is 
important for preservation of fertility in cases where salvage 
of the testis is not possible. Human studies are needed for 
consideration of these molecules in clinical use. 
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