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caused by testicular torsion-detorsion in male rats.

Materials and Methods: Fifty male rats were used in this study. The rats were divided randomly into
five groups (10 per group) as follows; 1) control group (without surgery), 2) sham group (surgery
without torsion-detorsion), 3) torsion-detorsion surgery without any treatment, 4) torsion-detorsion
surgery with vasopressin treatment (0.1 pg/kg), 5) torsion-detorsion surgery with vasopressin
treatment (0.2 pg/kg). After that, the rats were killed and subsequently the biochemical parameters
were measured by commercial kits. Histological changes were assessed by H&E staining.

Results: Using Kruskal Wallis test, we observed that the changes in the tissues of seminiferous tubes,
testosterone levels, glutathione (GSH) and thioredoxin enzymes in the studied groups (control,
sham, torsion-detorsion, torsion-detorsion with 0.1 pg/kg, torsion-detorsion with 0.2 ug/kg) were
statistically significant.

Conclusion: Intracellular mechanisms of vasopressin involved in the regulation of protective
mechanism and can reduce damages caused by ischemia-reperfusion. Vasopressin improves the
process of changes in the testicular seminiferous tubes of rats with torsion-detorsion. Moreover, it
also increases serum levels of testosterone, GSH and thioredoxin enzymes compared to the torsion-
detorsion group.

Implication for health policy/practice/research/medical education:

Testicular torsion is an urgent condition in pediatric urology. Testicular torsion refers to testicular rotation around its vascular
axis (spermatic cord), which results in obstruction and stoppage of blood flow and eventually the loss of living tissue (infarction).
Ischemic condition causes damage to the testes due to the blood flow disruption. Furthermore, reperfusion of blood flow after
ischemia (detorsion) can exacerbate the damage to the testis. Vasopressin as an antidiuretic hormone (ADH), is a pituitary
hormone found in most mammals including humans. It is mainly made in supra-optic nuclei. Vasopressin is a polypeptide
hormone with nine amino acids and is similar to the oxytocin hormone. In an experimental study, we found that vasopressin
possesses intracellular mechanisms similar to the protective preconditioning mechanism which can reduce damages caused by

ischemia-reperfusion.
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Introduction

The testicular torsion refers to testicular rotation around
its vascular axis (spermatic cord), which results in
obstruction and stoppage of blood flow and eventually
the loss of living tissue (infarction) (1). Therefore, this

is a real surgical emergency, which leads to irreversible
damage to the testicular tissue after 4 hours of spermatic
cord closure. This condition occurs predominantly during
puberty and between the ages of 12 to 20. The statistics
concerning the effect of testicular torsion on young men
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show that one in 4000 suffer from testicular torsion (2).
Puberty and some diseases including tumors of testicle,
testicles with horizontal lie and cryptorchidism contribute
to the development of testicular torsion (3). Testicular
torsion with 360° can lead to complete obstruction of
vessels. This process can ultimately cause ischemia,
especially 24 hours after the beginning of torsion (4).
Ischemic condition causes damage to testis because of
the disruption of blood flow. Furthermore, reperfusion of
blood flow after ischemia (detorsion) can exacerbate the
damage to testis. A series of possible underlying events
including oxidative stress, particularly reactive oxygen
species (ROS), inflammatory cells and cytokines, lipid
peroxidation, apoptosis, anoxia, which finally could cause
infertility, play roles in the damage caused by testicular
torsion-detorsion (5,6). ROS generation is influential in
the damage induced by ischemia which leads to cellular
injuries (7). They also activate inflammation via increased
recruitment of leukocytes and pro-inflammatory cytokines
levels. Subsequently, ROS generation and inflammation
induce apoptosis during testicular ischemia/reperfusion
injury (8,9). On the other hand, hypoxia is proposed
as a trigger factor which induces damage pathway via
increased inflammation and oxidative stress (10). Various
treatments were used to attenuate testicular ischemia-
reperfusion in a rat model. In fact, a variety of drugs
and compounds such as phosphodiesterase inhibitors,
vitamins, selenium, plant extracts and other antioxidants
are used for this purpose (11).

Vasopressin, or antidiuretic hormone (ADH), is a
pituitary hormone found in most mammals including
humans. It is mainly made in supra-optic nuclei.
Vasopressin is a polypeptide hormone with nine amino
acids and is similar to the oxytocin hormone. This
molecular similarity justifies their relative functional
similarity (12). The most important function of this
hormone is to maintain the balance of water in the body.
While low concentrations of vasopressin increase the
water retention by the kidneys, its higher concentrations
have potent contractile effects on the entire cellular arteries
resulting in increased arterial pressure (13). Vasopressin
receptors are divided into four groups (V1, V2, V3 and
OTRs) among which V1 is present in testis. It brings
about many neurological effects on the brain. Likewise,
it is associated with mating behaviors in a variety of rats.
Several studies have been carried out on various biological
effects of vasopressin (14). However, no study has been
done so far on the effect of vasopressin on the damage
caused by the testicular torsion-detorsion. Since ischemia-
reperfusion in the testicle, like ischemia-reperfusion in
other organs such as the brain, heart and kidneys, causes
oxidative stress and inflammation.

Objectives
In the present study, we aimed to investigate the effect
of vasopressin on testicular damage caused by ischemia-

reperfusion in rats.

Materials and Methods

Chemicals

The following chemicals were purchased from Sigma
Aldrich Company (USA) and Merck Company (Germany).

Study design
Fifty Sprague-Dawley male rats (weighing 200-220 g)
were obtained from Razi herbal medicines research center,
Lorestan, Iran. After preparation, the rats were housed
in an animal laboratory for 1 week. Standard access to
food and water was prepared for them. Moreover, the
standardization of laboratory conditions was carried out
for them including temperature of 22°C and 12-hour light
and 12-hour dark cycle. Then, they were divided randomly
into five groups as follows:

1. Group 1; control group (healthy); no surgery was
performed.

2. Group 2; sham group; this group got surgery without
torsion-detorsion (ischemia-reperfusion).

3. Group 3; this group got surgery together with
torsion-detorsion (ischemia-reperfusion). They did
not receive any treatment either.

4. Group 4; this group got surgery together with torsion-
detorsion (ischemia-reperfusion). They received
vasopressin (0.1 pg/kg), too.

5. Group 5; this group got surgery together with torsion-
detorsion (ischemia-reperfusion). They received
vasopressin (0.2 pg/kg), too.

In order to perform anesthesia, ketamine (50 pug/kg) and
xylazine (5 pug/kg) were used in intraperitoneal injection.

Surgical procedure

Torsion-detorsion (ischemia-reperfusion) was conducted
using 720-degree twisting of testis for 90 minutes
according to previous researches. This degree of twisting is
necessary to disrupt the seminal epithelium. Subsequently,
vasopressin injections were performed at the doses of 0.1
and 0.2 ug/kg 10 minutes before detorsion.

Histological evaluation of seminiferous tubules

All animals were killed by spinal cord movement after
the treatment period. Then, their testicles were removed
from the abdominal cavity. The testes were immersed in
Bouin’s fixative solution for 72 hours at room temperature
to achieve tissue fixation. Three days after fixation, the
specimens were processed. Subsequently, tissue samples
were cut into 5 um thickness, and then they were
stained with hematoxylin and eosin for the purpose of
microscopic evaluation. Johnsens method was used to
study the maturity and quality of seminiferous tubules.

Hormonal measurement
Blood samples were prepared from hearts of rats for the
purpose of hormonal measurement. Then, serum was
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separated by centrifuging the blood at 3000 rpm for 15
minutes. Finally, the level of testosterone was measured by
ELISA Kkit.

Thioredoxin and glutathione measurement
These parameters were estimated by the use of ELISA kit
(15).

Ethical issues

The protocol of this study is designed in accordance with
the ethical principles of the International Committees for
the Protection of Animal Rights Laboratory. This project
was approved by the Ethics Committee of Lorestan
University of Medical Sciences.

Statistical analysis

Appropriate central and diffusion indices were calculated
for data analysis using one-way ANOVA or Kruskal-Wallis
test. SPSS version 16 was also used for data analysis. The
significance level was considered as P<0.05. Hormonal
and enzymatic data were analyzed using GraphPad
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Figure 1. Comparison of histopathologic changes of testicular tissue
in different groups. *** Significant difference compared to the torsion
-detorsion group at the level P<0.001.

Vasopressin and testicular torsion-detorsion

software and one-way ANOVA data.

Results

Comparison of testicular tissue changes in treatment
groups

Based on the results of one-way ANOVA, the difference
between the mean histopathological changes of the testes
in different study groups (control, sham, vasopressin
at dose of 0.1 ug/kg, vasopressin at dose of 0.2 pg/kg)
compared to the torsion -detorsion group, was statistically
significant at the level P<0.001 (Figure 1). As shown in the
diagrams and figures, the improvement in the process of
tissue changes in seminiferous tubules following testicular
torsion was significantly distinct in both vasopressin
receiving groups compared to the torsion-detorsion group
(Figure 2).

Comparison of testosterone levels in treated groups
Based on the results of one-way ANOVA, the difference in
mean of changes in testosterone levels in the vasopressin
treated group (0.2 pg/kg) compared to the torsion
-detorsion group was statistically significant (P<0.05).
The control group and the sham group were statistically
significant in comparison with the torsion-detorsion
group (P<0.001) (Figure 3).

Based on the results of one-way ANOVA, the difference
in mean of changes in glutathione (GSH) levels in the
vasopressin treated group (0.2 pg/kg) compared to the
torsion-detorsion group was statistically significant
(P<0.05). The control group and the sham group were
statistically significant in comparison with the torsion-
detorsion group (P<0.001) (Figure 4).

Comparison of thioredoxin levels in treated groups

Based on the results of one-way ANOVA, the difference in
mean of changes in thioredoxin levels in the vasopressin
treated group (0.1 pg/kg) compared to the torsion-
detorsion group was statistically significant (P<0.05).
Moreover, the difference in mean of changes in thioredoxin

Figure 2. Tissue changes of seminiferous tubules in different groups using H&E staining. A) Healthy group, B) Sham group, C) Control group, D)
Vasopressin treated (0.1 pg/kg) group, E) Vasopressin treated (0.2 pg/kg) group.
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Figure 3. The comparison of changes in testosterone levels in
different groups. * Significant difference compared to the torsion
-detorsion group at the level P<0.05. *** Significant difference
compared to the torsion-detorsion group at the level P<0.001.
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Figure 4. The comparison of changes in GSH levels in different
groups. * Significant difference compared to the torsion -detorsion
group at the level P <0.05. *** Significant difference compared to the
torsion-detorsion group at the level P<0.001.

levels in the vasopressin treated group (0.2 pg/kg)
compared to the torsion -detorsion group was statistically
significant (P<0.05). The control group and the sham
group were statistically significant in comparison with the
torsion-detorsion group (P<0.001) (Figure 5).

Discussion

Testicular torsion-detorsion can lead to infertility in
severe cases. Complex mechanisms are associated with
pathogenesis of testicular ischemia-reperfusion. ROS
generation and inflammatory responses are the most
important underlying factors which could develop

Thioredoxin level
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Figure 5. The comparison of changes in thioredoxin levels in
different groups. * Significant difference compared to the torsion
-detorsion group at the level P<0.05. ** Significant difference
compared to the torsion -detorsion group at the level P<0.01. ***
Significant difference compared to the torsion -detorsion group at
the level P<0.001.

testicular injury. Various kinds of treatments could be
utilized to ameliorate testicular torsion-detorsion (11).
Vasopressin, for instance, has been used for the treatment
of cardiac ischemia-reperfusion injury. Because of the
existence of similar mechanisms associated with the
development of different types of ischemia-reperfusion, we
decided to evaluate the ameliorative effects of vasopressin
on testicular torsion-detorsion. The results of our study
in the field of histology showed that maturity and quality
of seminiferous tubules improved by administration of
vasopressin. Furthermore, the biochemical results of our
research indicated that serum levels of testosterone, GSH
and thioredoxin were modified because of administration
of vasopressin.

A wide range of compounds, including drugs, could
be used to treat testicular torsion-detorsion. A similar
study indicated that phosphodiesterase inhibitors such
as vardenafil, sildenafil, trapidil, and dipyridamole could
attenuate testicular ischemia-reperfusion injury. It is
established that vardenafil is an efficient drug against
oxidative stress caused by testicular torsion-detorsion
as it reduces malondialdehyde (MDA) levels. However,
it cannot ameliorate histological changes in testes.
Sildenafil, as another phosphodiesterase inhibitor, exhibits
antioxidant properties via increased levels of GSH, catalase
and glutathione peroxidase. It also shows beneficial
effects on improving histopathological parameters
caused by torsion. Other phosphodiesterase inhibitors,
like trapidil and dipyridamole, decreased histological
damage caused by testicular torsion (16-18). Since
vitamin C is a potent antioxidant, it reduces the damage
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caused by testicular torsion. Vitamin E is also similar to
vitamin C with regard to its capacity to prevent testicular
damage. Dexpanthenol is proposed as an anti-atrophy
agent against testicular injury (19,20). Alpha-lipoic acid
and selenium play their roles via increasing antioxidant
defect particularly GSH in testicular injury (21). It has
been reported that different types of hormones such as
erythropoietin, melatonin and dehydroepiandrosterone
(DHEA) are influential in reducing the damage caused
by testicular ischemia-reperfusion. The antioxidant and
anti-inflammatory effects of erythropoietin have been
documented previously. Hence, erythropoietin shows
its therapeutic effect via decreasing inflammation (22).
Melatonin, another effective hormone in the treatment
of testicular torsion, recovers histopathological changes
through increasing Johnsen’s score and decreasing
abnormal sperms (23). Dehydroepiandrosterone reduces
apoptosis of spermatocytes (24). Plant-derived active
ingredients are considered as successful therapeutic
strategies against different types of ischemia-reperfusion
injuries, especially testicular ones. Ternatin, quercetin,
lycopene and thymoquinone are some of these compounds
which can be used in the treatment of testicular ischemia-
reperfusion injury. For instance, ternatin affects oxidative
stress by its antioxidant property (25). Moreover, quercetin
affects histopathological changes via increasing mean
seminiferous tubule diameter and Johnsens score (26).
Lycopene is also known for its potent antioxidant property.
It is found in tomato. The possible mechanism, which
is assumed for its protective effect on testicular damage,
is related to its activity against oxidative stress in testes
(27). Thymoquinone and I-carnitine exhibit antioxidant
property via decreasing MDA level in testes (28). Previous
investigations have confirmed the antioxidant effects of
plants such as Panax ginseng, garlic and Ginkgo biloba.
These plants have been used in the treatment of testicular
ischemia-reperfusion as they can decrease oxidative stress
(11).

All of the above studies confirm our results. In fact,
most of these compounds were effective against the
damage caused by testicular ischemia-reperfusion. Their
therapeutic effects are generally exhibited by reducing
oxidative stress similar to our study.

Conclusion

All in all, our research indicated that administration of
vasopressin could decrease histopathological changes
and oxidative stress. Hence, it is assumed that vasopressin
can be proposed as an efficient choice to be used in the
treatment of various types of ischemia-reperfusion injury.
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