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Abstract

Aim: The aim of this study is to evaluate the possible beneficial effects of hyperoside (HYP) in the mitigation of torsion detorsion
(TD)-induced testicular oxidative damage.

Materials and Methods: For this purpose, Wistar Albino rats were grouped (n=6 in each group) as sham, TD and TD+HYP groups.
HYP was administered at 50 mg/kg dose p.o for 1 week. Torsion was created by twisting the spermatic cord clockwise by 720
degrees. The detorsion model was made by restoring the spermatic cord. Tissue oxidative and antioxidative stress parameters were
measured according to biochemical methods to evaluate oxidative damage in testis.

Results: In particular, the oxidative stress parameters we measured were found to be significantly increased compared to the sham
group in TD group depending on the TD model, but showed a significant decrease depending on the HYP treatment (p<0.05). In
addition, it was observed that the antioxidative parameters decreased significantly in the TD group, while this decrease effectively
changed in the TD+HYP group.

Conclusion: Considering the current results, HYP therapy is thought to be useful in alleviating TD-induced oxidative damage in the
testicles.
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INTRODUCTION CH
Hyperoside (quercetin-3-0-galactoside), a flavonoid OH
compound isolated from Hypericum perforatum L. (1), G

has various biological activities in its efficacy against 5 O

oxidative stress by increasing its anti-apoptotic, anti- O‘

ischemic, anti-inflammatory properties and antioxidative O-Galactose

enzyme activity (2-4). In the studies conducted to date
have been reported to be highly effective against ischemia
reperfusion (IR)-induced myocardial injury (5). In another
study, it was revealed to be preventive of the Hyperoside
against oxidative damage caused by hydrogen peroxide

OoH O

Figure 1. The chemical structure of Hyperoside (quercetin-3-0-
galactoside) (6)

Especially, testicular torsion detorsion (TD) seen more

on lung fibroblast cells (6). It is also said to be an effective
therapeutic agent of hyperoside on liver damage caused
by IR (4) (Figure 1).

Testicular torsion is the deterioration of testicular blood
flow as a result of rotating around their axis the spermatic
cord structures. Ifleftuntreated in the early period, necrosis
developsinthetesticulartissue andit can cause subfertility
and infertility. Therefore, it is important to re-supply of
blood flow of testicular tissue it as soon as possible.

during late childhood or early adolescent the period (7-
9). Testicular TD results with ischemia reperfusion.
In fact, the first stage of testicular injury begins in
the ischemic period and reaches a critical level in the
reperfusion period. Reasons of this critical period
include lipid peroxidation, intracellular intensive Ca?
release, overproduction of reactive oxygen species (ROS),
metabolic acidosis, recruitment of neutrophil and acute
oxidative and inflammatory responses leading to serious
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tissue damage (10-12). In fact, under physiological
conditions, intracellular antioxidant system modulates
ROS. However, due to increased ROS thanks to ischemia/
reperfusion (I/R), the capacity of the antioxidant defense
system to neutralize ROS remains insufficient; therefore,
an imbalance occurs between the produced ROS and the
antioxidant defense system, which causes serious cellular
damage (13,14).

When the studies in the literature are investigated, it is
seen that there are many studies evaluating the testicular
damage caused by torsion detorsion. However, there
is not study evaluating the effectiveness of hyperoside
therapy in alleviating testicular torsion detorsion damage
has been encountered. Therefore, the aim of this study is
to evaluate the possible beneficial effects of hyperoside
in the mitigation of testicular torsion detorsion-induced
testicular damage.

MATERIALS and METHODS

The study was carried out with ethical consent from
the Ataturk University Animal Experiments Local Ethics
committee (Protocol number and date: 200/07.11.2019).
Wistar Albino type male rats were kept in international
standard laboratory conditions (continuously controlled
55 % humidity, average room temperature and dark/light
12h;12h cycle). These standard conditions were provided
by Atatlirk University Animal Experiments Research and
Application Center (ATADEM). Rats were provided with
standard pellet feed and tap water until 12 hours before
the experiment. HYP (98%) and sodium carboxymethyl
cellulose (CMC) were obtained from Sigma Aldrich USA.
Xylazine and Ketamine (Ketalar 50 mg/ml) was supplied
from Rompun BAYER Istanbul, Turkey and from Pfizer
Medicines Limited Company, Istanbul, Turkey.

Experimental Process and Groups

After all experimental animals were weighed (21015 g),
they were distributed randomly in sham, TD and TD+HYP
groups. In the group designated as sham, the scrotum
was opened with an incisional incision and closed again
by suturing. TD model, which was established in TD and
TD+HYP groups, was made by twisting the spermatic cord
clockwise 720 degreesfor 2hoursandrestoringitfor 2h. For
the scrotal incision, rats were anesthetized with ketamine/
xylazine (50/10 mg/kg), a midline scrotal incision was
made under aseptic condition. The TD model we applied
was madeaccordingtothemethod usedin previous studies
(12,15,16). HYP was prepared fresh daily by dissolving
in 1% CMC. HYP treatment was applied at a dose of 50
mg/kg p.o for one week. HYP final dose was applied 30
minutes before detorsion. In order to prevent animal loss
due to drug toxicity, the dose of HYP and anesthesia were
selected from previous studies (4, 17). Upon completion
of the TD procedure, the rats were sacrificed by applying
high-dose anesthesia, the testicular tissues were
taken, washed, and kept under appropriate conditions
(-80 °C) until biochemical measurements were made.

Biochemical Measurements

Testis tissues were weighed for 100 mg and homogenized
with 2 mL of phosphate buffer. Homogenized tissues
were centrifuged at 5000 rpm for 20 minutes at +4°C
and the supernatant was transferred to eppendorf tubes
and maintained at -80°C. The MDA, as a result of lipid
peroxidation, was measured according to previous MDA
analysis method (18). SOD and MPO activities were
anlysed in accordance with the methods described
by Sun et al. and Bradley et al. (19,20). TAS and TOS
measurements were performed with commercially
available kits (Rel Assay Diagnostics). The ratio of TOS to
TAS was accepted as the OSI. OSl value was calculated as
follows: OSI=[(TOS, pmol/L)/(TAS, mmol/L)x10]. We used
0Sl as another indicator of oxidative stress. OSI has been
suggested that it may reflect the state of oxidative status
more accurately than TOS (21,22).

Statistical Analysis

One-way analysis of variance (ANOVA) and Duncan tests
were performed for the biochemical data of this study. The
results are presented in a table and presented as Mean +
SEM. p value was accepted as statistically significant at
0.05 level.

RESULTS

In this study, the evaluation of TAS, TOS, OSI values, MDA
level, SOD and MPO activity results are very important
in terms of revealing TD-induced oxidative stress in
testicular tissue. As a result of biochemical evaluations
of testis tissues, TOS, 0S| values, MDA level and MPO
activities increased significantly in TD group compared to
sham group. However, these results decreased in TD+HYP
group compared to TD group (see Table 1 and 2, p<0.05).
Our antioxidant results are valuable in explaining whether
oxidative stress can be alleviated. In this respect, while
SOD activity and TAS value decreased in TD group, it was
determined that it was significantly supported in TD+HYP
treatment group (see Table 1 and 2, p<0.05) .

Table 1. Total Antioxidant Status (TAS) (mmol/L), Total Oxidant Status

(TOS) (umol/L) and Oxidative Stress Index (0SI) values in testicular
tissue of all groups

TAS (mmol/L) TOS (pmol/L) oSl

Sham (n=6)

Mean 1.83 7.06 0.41"

Std. Deviation 0.11 0.95 0.07

Maximum 1.99 8.45 0.50

Minimum 1.71 6.04 0.30
TD (n=6)

Mean 0.80"* 13.01 1.65"

Std. Deviation 0.13 0.41 0.26

Maximum 0.98 13.49 2.10

Minimum 0.63 12.49 1.40
TD+HYP (n=6)

Mean 1.59~ 7.19+ 0.48"

Std. Deviation 0.33 0.57 0.13

Maximum 1.89 8.07 0.70

Minimum 0.96 6.57 0.30

** The statistical significance between the same letters in the columns
is at 0.05 level
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Table 2. Malondialdehyde (MDA) (umol/gr tissue) level, (Superoxide

Dismutase (SOD) (U/mg protein) and Myeloperoxidase (MPO) (U/g
protein) activities in testicular tissue of all groups

MDA SOD MPO
(pmol/gr tissue) (U/mg protein) (U/mg protein)
Sham (n=6) 193.95 438.05" 38737.54"
Mean 12.59 37.56 3368.01
Std. Deviation 211.26 480.85 43892.82
Maximum 176.87 394.15 35478.97
Minimum
TD (n=6)
Mean 459.01" 189.00 98447.14+*
Std. Deviation 31.28 14.77 8781.96
Maximum 491.87 211.69 113274.20
Minimum 404.3 174.20 89032.27
TD+HYP (n=6)
Mean 202.06" 413.49" 41390.82"
Std. Deviation 11.87 29.63 3620.60
Maximum 222.49 459.47 45518.79
Minimum 190.76 384.33 37325.15

" The statistical significance between the same letters in the columns

is at 0.05 level

DISCUSSION

Testicular torsion, which is encountered in the clinic,
is one of the important urological urgent cases, lead to
sudden and severe scrotal pain and requiring immediate
diagnosis and surgical treatment (9,15). If this ischemic
condition lasts for more than a few hours, it may lead to
irreversible damage to the testicle, and in this case the
indication for the affected testicle removal may arise
(23). Although the applied surgical intervention can stop
the destruction of the testicles with ischemia, it is not
certain that the function of the testicles is fully preserved.
Since the blood flow restored during detorsion can trigger
more intensive ROS production in ischemic tissue (24). In
summary, testicular damage depends on the critical level
of oxidative damage due to reperfusion. In this regard,
the discovery of new therapeutic agents is important
as adjuvant therapy in surgical detorsion to reduce IR-
induced oxidative stress.

In the presented experimental model, the ischemic model
was established by rotating the left testicle of the rats
around 720° clockwise and creating a testicular torsion.
After two hours of ischemia, reperfusion was performed by
detorsion and blood flow to the testis was re-established
for 2 hours. Based on the oxidant and antioxidant
findings we obtained, we observed that testicular tissue
had severe damage as a result of IR. In particular, we
think that oxidant molecules play an important role in
the pathogenesis of testicular damage. In the literature,
various biological agents that have antioxidant properties
such as hygenamine, cryptotanshinone and barbaloin
have been used to reduce testicular damage (11,12,16).
These agents have been shown to be effective in reducing
IR injury. In this study, which we think will contribute to
the literature; we evaluated the role of hyperoside, which
is known to have antioxidant properties, in preventing
testicular tissue damage. In previous studies with
hyperoside, whose antioxidant properties are known, data

has been presented that hyperoside has a protective effect
on the organs such as heart and ovary (25,26).

In a previous experimental testicular TD study, researchers
demonstrated that the testicles damaged and MDA level
increased due to 720 degrees of rotation and 6 hours of
ischemia and 6 hours of reperfusion (27). In another study,
in which testicular TD was established, it was shown that
damage occurred in testicles and MDA level increased due
to 720 degreerotation and 1 hourischemia and reperfusion
time application (28). Moreover, Jafari et al. were reported
that MDA level increased, antioxidant defense was
insufficient and damage occurred in the testicles due to
performed 1 hour ischemia with 720 degree rotation and 5
hours of reperfusion. In addition, it has been reported that
MDA levelsincrease and antioxidant defense is insufficient
due to 2-hour ischemia with 720 degree rotation and 24-
hour reperfusion, and as a result, significant damage on
the testicles developed (29). In addition, it has been stated
that in some studies that performed 2 hours of torsion
and 2 hours of reperfusion with 720 degree spermatic
cord occlusion, MDA level increased and caused oxidative
damage in testicular tissue (11,12,16). The MDA results we
obtained reflected oxidative damage in testicular tissue
in accordance with the studies in the literature. MPO is
an enzyme involved in nitrite, nitrate and peroxidation
processes involved in nitrichocyst metabolism. In addition
to the decrease in cellular antioxidant capacity, MPO is an
important indicator showing the level of oxidative stress.
In previous studies, in the testicular TD model created
experimentally, MPO activity was significantly increased
in the torsioned group (11,30). SOD is a member of the
antioxidant defense system that catalyzes the conversion
of superoxide to H,0, and molecular oxygen (14). Topdagi
et al. were expressed that SOD activity decreased due to
720 degrees of rotation and 2 hours of ischemia and 2
hours of reperfusion (12). In another study, it was reported
that SOD activity decreased due to 1 hour of ischemia and
5 hours of reperfusion (31). Kazaz et al. were reported that
TOS and OSI values increased due to performed 4 hours
ischemia and 2 hours of reperfusion (32). Moreover, it was
stated that TOS and OSI values increased significantly
while TAS value decreased in Tanyeli et al studies (11). The
biochemical results obtained in this study are compatible
with previous studies in the literature.

It was stated that hyperoside protected granulosa cells
against H,O,-induced apoptosis and oxidative stress
by reducing MDA levels and supporting SOD activity
(26). In another study, it was suggested that hyperoside
significantly inhibited OVA-induced oxidative stress as
demonstrated by decreased MDA, and increased GSH and
SOD levels. As a result of hyperoside protected against
OVA-induced asthma by inflammatory and oxidative
responses (33). It was found in the study done by Piao
et al that effective of the hyperoside to decrease the ROS
generation as well as increment antioxidant enzyme
activity (6). Hyperoside was noticed to leak the cell
membrane as well as restrict free radical consistution and
the spread of free radical reactions by chelating transition
metal ions in the cells (34).
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CONCLUSION

In this study, it was determined that hyperoside treatment
was very effective in reducing oxidizing damage of
testicular tissue formed due to testicular TD model and
reducing lipid peroxidation. As a result, hyperoside therapy
is thought to act as a free radical scavenger or promote
antioxidant enzyme activity and further modulate cellular
antioxidant potential.
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