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Testicular ischemia-reperfusion injury during testicular torsion is strongly influenced by oxidative
stress caused by excessive accumulation of uncaptured reactive oxygen species. Kisspeptin-10 (Kiss-
10), a biologically active fragment of kisspeptin peptide family, has demonstrated significant anti-
oxidant and anti-apoptotic properties. Recent studies indicate that Kiss-10 can mitigate oxidative
stress by reducing reactive oxygen species levels and enhancing the activity of endogenous anti-
oxidant enzymes, such as superoxide dismutase and catalase. This study examined the effects of Kiss-
100n ischemia-reperfusion injury in testicular torsion/detorsion (T/D) of male rats. Twenty male rats
were divided into four groups, including the control group and three treatment groups (720° T/D,
720° T/D + 0.50 pg kg1 Kiss-10, and 720° T/D + 1.00 ug kg Kiss-10). After inducing 720° clockwise
testicular torsion for 2 hr, sperm parameters, such as number, motility, viability, DNA damage, and
hypo-osmotic test were evaluated. The results showed that 720° T/D can increase sperm DNA
damage. Also, it also had negative effects on overall motility and other properties, such as viability and
plasma membrane functionality. The results also showed that administration of Kiss-10to T/D rats
can reduce DNA damage. It could also increase overall motility, viability, and plasma membrane
functionality compared to the T/D group. Based on our results, Kiss-10 provides significant protection

against acute T/D injury to the testis when administered after spermatic cord torsion in rat.

© 2026 Urmia University. All rights reserved.

Introduction

Testicular torsion, caused by rotation of the spermatic
cord and its contents, is a emergency condition that, if not
treated in a timely manner, can lead to severe testicular
damage, including ischemia-induced necrosis.! The
ischemia-reperfusion (I/R) injury caused by testicular
rotation, with morphological and biochemical changes,
provides conditions for impaired testicular tissue
function.2 On the other hand, early diagnosis and surgery
are considered the main ways to treat testicular torsion,
but re-establishing reperfusion in the testicular tissue can
paradoxically provide conditions for further damage.?
According to the studies, if therapeutic intervention is
performed within the first 6 hr of exposure to testicular
torsion, the probability of preserving testicular tissue is
90.00 - 100%, and the more time passes since the incident,
the less healthy testicular tissue remains.4#5 Even if the
surgical intervention is successful, 40.00 to 60.00% of
cases will develop testicular atrophy in the coming years. !
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Congenital disorders of the tunica vaginalis are one of
the important factors causing this condition. In general, the
mechanism of this condition is divided into two categories,
including intra-vaginal and extra-vaginal. The other
category is related to the very unusual and rare conditions
associated with testicular torsion in 75.00% of cases of
cryptorchidism inside the inguinal canal® Another
common factor in this condition is external trauma and
excessive movement, the severity of which is linked to the
rotation-induced ischemia.”8

Several studies have been conducted using various
anti-oxidant and anti-inflammatory agents to minimize
injuries during reperfusion of ischemic testicular
tissue.5910 Nifedipine, erythropoietin, ghrelin, and garlic
extract are among the substances that have played an
effective role in the healing of ischemic testicular tissue
injuries.!? In recent years, the frequency of use of
coenzyme Q10 in basic and applied research has increased
significantly.’? Coenzyme Q10 has been used in studies
owing to its protective effect in reducing I/R injury.13
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Kisspeptin (metastin) is a 145-amino acid protein
controling reproductive function and maturation by
binding to protein-coupled membrane receptors (GPR54).
Studies have shown that kisspeptin stimulates the
hypothalamic-pituitary-gonadal axis and regulates the
expression of anti-oxidant enzymes against oxidative
damage.1*15 [n studies, kisspeptin levels were higher in the
mature group than immature one, which could indicate a
role for kisspeptin in combating infertility.16

In this study, based on the hypothesis of the effect of
intra-peritoneal administration of kisspeptin-10 (Kiss-10)
on I/R injury caused by testicular rotation, sperm
parameters related to the testicular tissues that have
undergone torsion were investigated and compared. Aim
of the present study was to investigate the effect of Kiss-10
on sperm parameters regarding testicular rotation-
induced injury prevention in rats.

Materials and Methods

Animals and experimental groups. Twenty adult
male rats in this study with an average weight of 200 -
230 g were obtained from the Laboratory Animal
Breeding Center of the Faculty of Pharmacy, Urmia
University of Medical Sciences, Urmia, Iran. The animals
were housed in the animal care center located in the
Veterinary Hospital of Urmia University, Urmia, Iran,
under natural lighting conditions and the temperature of
approximately 23.00 °C having free access to laboratory
animal plate food and water for 7 days (maintenance
period) to acclimatize to the conditions. The Animal
Ethics Committee of Urmia University approved the
experiments, and the guidelines were followed (Ethic
Code: IR-UU-AEC-3/13). The rats were randomly divided
into four equal groups as follows: Group 1 (sham): In this
group, after induction of anesthesia using intra-
peritoneal injection of 80.00 mg kg1 ketamine (Alfasan,
Woerden, The Netherlands) and 10.00 mg kg xylazine
(Alfasan), a caudal midline incision was made aseptically,
both testicles were exposed, and without additional
manipulation, the abdominal incision was sutured after 2
hr. Group 2 (control): In this group, after induction of
anesthesia and through the same approach, ischemia was
induced by rotating spermatic cord 720° clockwise and
maintained by suturing tunica albuginea of the both
testicles to the abdominal wall with a single simple
interrupted suture (Dexon 4/0; Supa, Tehran, Iran) for 2
hr.3 Group 3 (ischemia group + 0.50 pg kg? of Kiss-10;
Sigma-Aldrich St. Louis, USA): Ischemia was induced and
maintained for 2 hr identical to the control group.3 Thirty
minutes before the end of ischemia, Kiss-10 at a dose of
0.50 pg kgt was injected intraperitoneally in the volume
of 0.20 mL* Group 4 (ischemia group + 1.00 pg kg of
Kiss-10): All procedure was identical to the group 3,
except 1.00 ug kgt Kiss-10 was administered.3 At the end

of 2 hr of torsion, the torsion was corrected (detorsion) by
rotating the testes counterclockwise and the testes were
placed in their natural anatomical position. At this time,
ischemia and discoloration of the testes were clearly
visible. After the testicular torsion was corrected, the linea
alba was closed with a simple continuous suture pattern
(3/0 Dexon; Supa). The skin was then sutured in a simple
interrupted pattern with 4/0 nylon suture (Supa). Fifty-
eight days after surgery, the rats were euthanized with an
overdose of a combination of ketamine and xylazine, and
the testes were removed surgically. Immediately after
removal of the testes, the tail of the epididymis was cut
with fine tissue scissors and used to evaluate sperm
parameters. All following assessments were performed by
investigators blinded to the group allocations to minimize
assessment bias.

Evaluation of sperm parameters. After harvesting
the testicle, the epididymal tail was separated from the
testis and placed in a three-centimeter Petri dish,
containing 1.00 mL of human tubal fluid (Sigma-Aldrich)
culture medium which had previously been placed in a
37.00 °C incubator for equilibration. After making several
incisions in the epididymal tail to facilitate sperm exit, it
was placed in the incubator. After 1 hr, the sperms were
removed and dispersed in the medium.

Sperm count assessment. To determine sperm
concentration, the method of World Health Organization
was followed. First, the sperms were killed and immobilized
by adding distilled water. To prepare a 1 : 5 dilution, a
mixture of 50.00 pL of sperm sample diluted in 200 pL of
distilled water was used. Then, 10.00 L of the prepared
dilution were placed on a Neubauer slide and about 200
sperm cells were counted with a cell counter using a phase-
contrast microscope at the magnification of 400. Finally,
the sperm concentration was calculated according to the
World Health Organization formula as sperm per mL.17

Assessment of overall sperm motility. To assess
sperm motility, a drop of epididymal samples diluted in
HTF culture medium as described above was placed on a
glass slide and a coverslip was placed on top. The samples
were evaluated under a phase-contrast microscope at the
400x magnification. Approximately 200 sperms per
sample were examined to obtain an accurate overall
sperm motility percentage.18

Sperm viability assessment. In this study, Eosin-
Nigrosin staining was used to assess the percentage of
sperm viability. Twenty pL of the desired sperm sample
was dissolved on a clean slide with 20.00 uL of Eosin Y
solution, and after 20 to 30 sec, 20.00 pL of the Nigrosin
dye solution was added to it. After preparing a smear from
the desired solution and drying the slides in different
groups, the percentage of live (colorless) and dead
(colored) sperms was examined using a light microscope
at the 400 x magnification. Two-hundred sperms were
examined per slide (Fig. 1A).1°
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Sperm plasma membrane integrity test (hypo-
osmotic swelling test). To assess sperm membrane
integrity, the hypo-osmotic solution was prepared
according to the method proposed previously.1® The hypo-
osmotic solution acts by applying osmotic pressure to the
sperm when placed in the medium. The response of sperm
to this hypo-osmotic medium appears as tail swelling. In
this case, sperms with intact plasma membranes respond
to the solution by enduring tail swelling, while sperms
with damaged plasma membranes remain unresponsive.
Therefore, after performing this test, sperms with swollen
tails were considered to have intact plasma membranes,
while sperms with smooth tails were considered to have
damaged plasma membranes.?® In this method, the
composition of the hypo-osmotic swelling test solution is
as follows: 0.735 g sodium citrate and 1.351 g fructose in
100mL distilled water. Next, 50.00 pL of semen will be
added to 500 pL of hypo-osmotic swelling test solution
and incubated at 37.00 °C in a water bath for 40 min. Then,
5.00 pL of semen will be placed on a pre-warmed slide
with 5.00 pL of Eosin dye and 200 sperms will be counted
using a phase-contrast microscope at 400 x. Colorless and
stained sperms, as well as bent and twisted tails will be
counted (Fig. 1B).21

Assessment of sperm DNA damage. Acridine orange
staining was used to assess any damage to the double-
stranded DNA of rat sperm. After smears were prepared
from the samples and dried, the slides were fixed with
Carnoy's solution for 24 hr and then, stained with Acridine
orange for 10 min. After washing with water, the slides
were examined with a fluorescent microscope and a 460
nm filter. Under the fluorescent microscope, intact double-
stranded DNA is green, and denatured DNA is yellow to
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red. Two-hundred sperms were examined per slide and
the results of this examination were expressed as a
percentage (Fig. 1C).22

Statistical analysis. The data obtained from the
studied samples were analyzed using the SPSS statistical
program (version 26.0; IBM Corp. Armonk USA). The
mean and standard error of all the parameters were
calculated and one-way ANOVA analysis was used to
examine the data. The level of significant difference (p-
value) was considered to be less than 0.05.

Results

Sperm count. Control groups had significantly the
lowest sperm count among the other groups (p < 0.05).
This study also showed that the sham and torsion/
detorsion (T/D) + 0.50 pg kg! kiss-10 groups had the
highest sperm count compared to the other groups,
respectively (p < 0.05; Table 1).

Sperm motility. The highest motility was observed in
the sham group (p < 0.05). This study showed that total
sperm motility in T/D + 0.50 pug kg-1kiss-10 and T/D + 1.00
ug kg1 kiss-10 groups increased significantly, respectively
(p < 0.05; Table 1). This study also showed that the lowest
sperm motility was found in the control group (p < 0.05).

Sperm viability. The lowest sperm viability was found
in the control group (p < 0.05). In this study, it was shown
that the T/D + 0.50 pg kg1 kiss-10 and T/D + 1.00 ug kg1
kiss-10 groups had significantly higher sperm viability
than the control group, respectively (p < 0.05; Table 1).
Also, it was determined that the sham group had the
highest sperm viability compared to the other
experimental groups (p < 0.05).

Fig. 1. A) Sperm viability analysis; White arrows: viable sperms (colorless); Black arrows: dead sperms (Eosin-Nigrosin staining; 200x);
B) Sperm plasma membrane integrity test hypo-osmotic swelling test; White arrow: sperm with a damaged membrane; Black arrow:
sperm with membrane integrity (200x); C) Sperm DNA damage examination; White arrows: normal sperms (green); Yellow arrows:
damaged DNA (Acridine Orange staining; 200x).

Table 1. Sperm parameters among the experimental groups. Values are expressed as mean + SD.

Parameters Control T/D T/D + 0.50 pg kg1 Kiss-10 T/D + 1.00 pg kg Kiss-10
Epididymal sperm concentration (x106 mL1) 35.64 +1.382 14.36+1.044 2847 £1.54b 17.69+1.31¢
Total motility (%) 73.22+2842 3864 +231d 66.13+2.77) 52.88+2.18¢
Sperm plasma membrane functionality (%)  90.13 +3.132 48.74+3.474d 7489 +3.16P 61.07 £3.64¢
Sperm viability (%) 91.31+2542 4683 £2.73d 76.81+1.88¢b 6394 +3.23¢
Sperm DNA damage (%) 3.24+0454 4637+ 1.6472 9.81+0.83¢ 3247 +1.370b

T/D: torsion/detorsion; Kiss-10: kisspeptin-10.
adDifferent superscripts within the same row demonstrate significant differences (p < 0.05).



584 N. Karvani Dilmaghani et al. Veterinary Research Forum. 2026; 17 (8): 581 - 587

Sperm membrane adhesion. The sham group
showed the highest percentage of sperm membrane
adhesion compared to the other groups (p < 0.05). In the
control group, significantly low membrane adhesion was
observed (p < 0.05; Table 1). Kisspeptin-10 was able to
significantly increase the percentage of sperm membrane
adhesion compared to the control group with the both
doses (p < 0.05).

Sperm DNA damage. The lowest sperm DNA damage
percentage compared to other groups was related to the
sham group (p < 0.05). Also, in kiss-10 treated groups,
lower sperm DNA damage was found compared to the
control group (Table 1). The highest sperm DNA damage
was observed in the control group.

Discussion

In this study, it was shown that T/D can damage sperm
parameters in rats, and the use and injection of kiss-10
was able to improve sperm parameters. As previously
shown, the formation of oxygen free radicals in the
presence of reperfusion in I/R plays an important role in
tissue damage.? These reactive oxygen species (ROS)
include superoxide anions, hydroxyl radicals, and
hydrogen peroxide, which can cause damage to cell
membranes through lipid peroxidation. This damage may
lead to cell death by apoptosis or necrosis, inflammatory
cytokines, and small blood vessel damage.?3 Given that
kiss-10 has anti-oxidant properties, its injection can
improve sperm parameters and reduce oxidative damage
against reperfusion.!* In this regard, it has been shown in
previous studies that, men with precocious puberty have
higher serum levels of kisspeptin compared to the controls
of the same age. Recent studies have also reported that
plasma levels of kisspeptin, luteinizing hormone, and
follicle-stimulating hormone in fertile men are significantly
higher than those in men with hypogonadism.!® The
results of the present study showed that T/D could
significantly reduce overall motility in rats and the use of
kiss-10 could improve sperm motility in rats. It has been
observed that T/D at 720° has a significant effect on the
seminiferous tubules and disrupts spermatogenesis. In
assessing the fertilization potential of sperm, motility is an
important factor.2* Sperm movement in the female
reproductive tract depends on the progressive motility
and the ability of sperm to move forward in a specific
direction. Sperm motility is regulated by several metabolic
and regulatory pathways, such as the calcium, cyclic
adenosine monophosphate-dependent protein kinase, or
protein kinase A pathways.2> The main factor affecting
sperm motility is the mitochondria in the mid-piece,
providing energy for sperm motility. Lipid peroxidation,
along with a decrease in glutathione peroxidase enzyme
activity, leads to damage to the mitochondrial capsule,
deformation of the mid-piece, and reduced sperm

motility.26 Research has also shown that cellular
mitochondria are sensitive to T/D and it may disrupt
adenosine triphosphate transport and reduce sperm
motility.2” Further research has also shown that kiss-10
can play a good role in improving the toxic effects of
methotrexate on sperm.28 The results of another study
showed that sperm collected from rams injected with
kiss-10 had better trajectory, progressive motility, and
rheotaxis properties compared to the control group.2° In
line with previous studies,?® the findings of the present
study also showed that wunilateral testicular I/R
significantly reduced sperm count and motility, while
significantly increased the number of dead and abnormal
sperms.

Various studies have shown that progressive sperm
motility and morphology are positively correlated. It has
been suggested that oxidative damage and increased lipid
peroxide levels may cause DNA damage in sperm and
germ cells, impair sperm motility, and induce apoptosis in
testicular tissue.l13! In a previous study,3? the effects of
hydro-alcoholic extract of sage on testicular T/D in rats
were investigated, and the results showed that testicular
torsion induction in the control group significantly
reduced progressive motility, and increased non-
progressive motility and non-motile sperms. Sperm
viability was also significantly reduced in the damaged
group. Treatment with sage significantly increased
progressive sperm motility, reduced non-progressive
motility, and increased sperm concentration.3 In a study
by Raisi et al, the effects of nitroglycerin on sperm
parameters following experimental testicular rotation in a
rat model were investigated. The results of their study
showed that testicular T/D significantly reduced sperm
progressive motility, viability, normal morphology, and
concentration. Nitroglycerin treatment significantly
increased sperm motility, viability, and normal
morphology.33 In the present study, it was shown that
720° testicular torsion was able to reduce sperm viability
and membrane integrity. Research shows that after 4 hr of
ischemia in testicular tissue, sperm damage occurs,
ultimately leading to the reduced sperm concentration and
motility, as well as improper morphology.3* Also, sperm
abnormalities can cause changes in motility and genetic
mutations.!! Oxidative stress caused by ROS can increase
sperm damage during blood reperfusion and cause
oxidation of cellular DNA, lipids, and proteins.? The sperm
plasma membrane surrounds the organelles and intra-
cellular components, and maintains the chemical
gradient and semi-permeable properties. If the sperms
plasma membrane is damaged, the sperms are
considered dead and cannot be fertilized.3> Various
studies have also found a positive correlation between
seminal plasma kisspeptin levels and semen quality,
supporting an important role for the KISS1/GPR54 system
in male reproductive health. Kisspeptin may be a potential
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marker of male reproductive health and an alternative
strategy for infertility treatment.3¢

Another study showed that intermittent and
continuous doses of kisspeptin protected the reproductive
organs against sodium arsenite-induced toxicity. This was
demonstrated by an increase in anti-oxidant enzymes
activity and a decrease in oxidative stress biomarkers
levels. Concomitant significant increases in relative
testicular weight and serum testosterone, as well as
significant improvements in sperm parameters were also
observed. This study was the first to demonstrate the
potential of Kkiss-10 to reduce the biochemical and
histotoxic effects of arsenic on the male reproductive
tract.3” Research has shown that oxidative stress affects
the integrity of the sperm genome by breaking one or both
DNA strands.® In this study, it was shown that T/D can
increase sperm DNA damage in rats, but the use of kiss-10
can play a role in maintaining the spermatogenesis, as
demonstrated in the study by Akkaya et al, which
demonstrated the protective role of kiss-10 against lipid
peroxidation-induced damage by methionine in the testis
of young rats.38 Also, damaged sperms are also a source of
free radical production. Therefore, the disorders and
abnormalities caused by experimental unilateral testicular
I/R may be due to the destructive effects of damaged
sperms producing ROS.39 Accordingly, previous studies
have shown that in vitro incubation of oocytes with DNA-
damaged sperms may lead to oxidative damage to oocytes
and impaired embryo development? In addition to
leukocytes and abnormal and immature sperms in semen,
inflammatory reactions and male reproductive tract
injuries are also exogenous sources of ROS production,
contributing to the reduction of normal sperm function
and resulting fertility disorders. The present study may
confirm the findings of previous studies, and indicates that
sperm DNA damage due to the delayed or inappropriate
treatment of testicular torsion as a clinical pathological
complication may lead to infertility or reduced fertility.%31
Also, apart from the effect of kiss-10 on the regulation of
reproductive function, recent studies suggest that
kisspeptin may play a role in the anti-oxidant defense
system. In an investigation of the effect of kisspeptin on L-
methionine-induced brain injury, DNA fragmentation,
malondialdehyde, and decreased glutathione levels, as
well as superoxide dismutase activities were analyzed, and
the results showed that methionine treatment increased
apoptotic cell death, and although kisspeptin alone did not
show any adverse effect on apoptotic cell death, treatment
with kiss-10 reversed the pro-apoptotic effect of
methionine, being associated with decreased malon-
dialdehyde and increased glutathione levels. Furthermore,
superoxide dismutase activity was completely reduced in
methionine-treated animals. All in all, it was suggested that
delayed kiss-10 treatment reduces cell death by activating
superoxide dismutase activity.3°

Further, research on Osimi rams suggests that
kisspeptin-10 could be a solution to improve some
reproductive, metabolic, and anti-oxidant parameters, thus
being considered as a candidate hormonal supplement in
enhancing reproductive and metabolic capabilities.*

In conclusion, the present study shows that T/D can
cause severe damage to the male reproductive system by
impairing sperm parameters in rats. On the other hand,
kisspeptin-10 can relatively ameliorate the adverse effects
of I/R in the rat reproductive tract and may be used as a
suitable option to improve therapeutic strategies to reduce
fertility disorders caused by testicular torsion. However, to
further clarify the clinical functions of kisspeptin-10 in the
treatment of patients with testicular torsion, it is necessary
to design and conduct large-scale clinical studies and
investigate other reproductive parameters. These studies
should accurately and comprehensively investigate the
effects of this substance on sperm parameters and fertility
improvement in patients.
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