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1 | INTRODUCTION

Abstract

This study was performed to evaluate the effect of liraglutide on experimental testicu-
lar ischaemia reperfusion in rats in terms of biochemistry, histopathology and immu-
nohistochemistry. A total of 28 male Wistar-Albino rats were divided randomly into 4
groups: control (7), sham (7), ischaemia-reperfusion (7) and ischaemia-reperfusion +
liraglutide (7). Biochemically, Nitric Oxide, Malondialdehyde, Superoxide dismutase,
Glutathione peroxidase and Catalase levels were measured in the testis. Apoptosis
protease activating factor-1 and inducible nitric oxide synthase activity were evaluated
immunohistochemically as well. Statistical analyses were made via the Kruskal-Wallis
and Mann-Whitney U tests. In the reperfusion group, CAT and SOD values were in-
creased (p > .05), NO and MDA values were decreased (p < .05) after administration
of liraglutide. In addition, GPx values were significantly increased in ischaemia rep-
erfusion + liraglutide administered group compared to reperfusion group (p < .05).
Apaf-1 and iNOS activity were significantly decreased with the addition of liraglutide
treatment to the ischaemia-reperfusion group (p < .05). First of all, we would like to
say that liraglutide treatment is moderately preventive against I/R injury in testicular
torsion. The anti-inflammatory, antioxidant and antiapoptotic properties of liraglutide

are create a moderately protective effect as we show in this study.
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spite of an effective surgical intervention, infertility or testicular at-
rophy can develop in 40-60% of the patients (Filho et al., 2004).

One of the common surgical emergencies in neonates, children and
adolescents is testicular torsion. The prevalence of testicular torsion
in men under 25 is 1/4000. After the rotation of the spermatic cord,
the blood flow of the testicle is disrupted, which causes testicular
damage. The testicular injury after torsion varies depending on both
duration and degree of rotation (Moghimian et al., 2016). To ensure
blood flow, rapid diagnosis and surgical detorsion is required in all

cases to protect the testis tissue and prevention of orchiectomy. In

Although the first pathology is tissue ischaemia, ischaemia/
reperfusion (I/R) injury subsequent to testicular torsion detorsion
contributes to the damage (Yildirim et al., 2018). Some changes
show up in the histopathology, biochemistry and blood components
of the testis in reaction to ischaemia and reperfusion. Restoring
the flow of blood to the ipsilateral testes after ischaemia results in
overproduction cytokines, adhesion molecules and free oxygen rad-

icals (FORs), and additionally, the migration of leukocytes. The base
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pathophysiology of testicular torsion is surgical detorsion causes
reperfusion injury due to FORs (Anim et al., 2005).

The Glucagon-like peptide-1 (GLP-1) analog liraglutide has been
reported to reduce high glucose-induced oxidative stress, tumour
necrosis factor (TNF) -a and inflammatory reaction in human endo-
thelial cells (Shiraki et al., 2012). Inhibition of protein kinase C (PKC)
translocation, nuclear factor (NF) -B activation and nicotinamide ad-
enine dinucleotide phosphate (NADPH) oxidase activation contrib-
ute to the anti-inflammatory and anti-oxidative effects of liraglutide
(Batchuluun et al., 2014). Additionally, liraglutide reduces the level of
plasma reactive oxygen metabolites, which an indicator of oxidative
stressin patients with type 2 diabetes (Okada et al., 2014). Liraglutide
has been reported to reduce myocardial I/R damage in a recent study
(Cheng, Wang, & Teng, 2015). In addition, the anti-inflammatory ef-
fect of liraglutide has been shown in the heart of diabetic rats and in
the brain of rats with Alzheimer's disease (Noyan-Ashraf et al., 2013;
Parthsarathy & Hélscher, 2013).

Based on this information, the protective effect of liraglutide in
testicular I/R damage is worthy of interest. There is no information
about the protective effect of liraglutide on testicular I/R injury. Due
to the effects of liraglutide mentioned above, this molecule will be
protective in testicular ischaemia reperfusion injury in a rat model. In
present study, our primary objective is to evaluate the effect of lira-
glutide on histopathological, immunohistochemical and biochemical
changes in testis tissue of rats.

2 | MATERIAL AND METHODS
2.1 | Experimental design

The experimental study was made a total of 28 male Wistar-Albino
rats, weighing between 200 and 300 gr. During the experiment, the
rats were given enough water and rat feed with free access. The
rats were kept in cages in groups a controlled room with 20-22°C
constant temperature and twelve-hour light-dark cycle in groups
before the experiment. Ethics committee approval was obtained by
applying to the Istanbul University Animal Experiments Local Ethics
Committee before the experiment (02/08/2017-157472). Rats were
separated into four groups randomly, each group involving of seven

rats.

2.2 | Surgical procedure

After anaesthesia was applied by using xylazine/ketamine (10/50 mg/
kg, i.p.) the left testicle and spermatic cord were released by making
a midscrotal incision. The orchiectomy procedure was performed by
clamping the left testicle. The testis was numbered and placed in the
Bouin solution for histopathological study. The required amount of
testis was removed from the orchiectomy material with the help of
scalpel and enumerated for biochemical examination. Then, the rats

were killed by taking blood from the heart under anaesthesia.

Group A was the control group. Rats underwent simple scrotal
orchiectomy and then killed.

Group B was the sham operation group. In this group, without
creation of torsion model, the testis was placed in scrotum after
dissecting the testicle according to anatomical position and scro-
tum was repaired with 6/0 "polypropylene suture (Prolene™ 6-0,
Ethicon®). After 120 min, orchiectomy was performed under anaes-
thesia. In order to investigate whether the effects of the surgical
stress we created affected the outcome of our experiment, the con-
trol and sham groups were created and examined separately.

Group C was the I/R model without drug administration.
Experimental acute testicular torsion model was formed by rotating
left testis cord elements 720 degrees clockwise and with fixed tes-
tis on the inner surface of scrotum with 6/0 polypropylene suture.
After 120 min of torsion, the scrotum was opened from the incision
line and the testis was detorsed and reperfusion was achieved. The
scrotum was closed again with 6/0 polypropylene suture. After wait-
ing for 4 hours of reperfusion, orchiectomy was performed.

Group D was the I/R model and injected the normal daily use
dosage 0.6 mg/kg liraglutide IP. An experimental acute testicular
torsion was formed like with group C. Additionally, 0.6 mg/kg lira-

glutide was applied IP thirty minutes before detorsion in this group.

2.3 | Biochemical procedures

At the end of the study, samples were taken to -80°C and stored
until the time of biochemical analysis.

Malondialdehyde (MDA) was mentioned to as thiobarbituric acid
reagent and evaluated on the spectrophotometer at 532 nm with
thiobarbituric acid (Wasowicz, Neve, & Peretz, 1993). Nitric Oxide
(NO) levels in tissue were measured according to the method of
Navarro-Gonzalvez et al. (1998). Superoxide dismutase (SOD) ac-
tivity is calculated by degradation of nitrobluete trazolium (NBT)
of superoxide produced by the xanthine/xanthine oxidase system
(Sun, Oberley, & Li, 1988). Glutathione peroxidase (GPx) reduces the
amount of cumene hydroperoxide during the oxidation of glutathi-
one (GSH) to glutathione disulfide (GSSG). GSSG is produced by the
consumption of NADPH, and the reduce in the amount of NAPDH
is proportional to GPx activity. After studying the kit procedure, ki-
netic measurement was taken by spectrophotometer at 340 nm for
5 min (Hasegawa et al., 2002). Catalase (CAT), via catalytic activity,
decomposes H,0, into water and oxygen. The CAT enzyme activ-
ities in the tissues were determined according to the method de-
scribed by Aebi (1984).

2.4 | Histopathological evaluation

All histopathological evaluations were done double-blinded.
Testicular tissue specimens were evaluated in Bouin solution, sub-
jected to routine tissue follow-up, embedded in paraffin blocks.

After that, 5 um thick sections of paraffin-embedded tissue blocks
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were viewed in rotary microtome (Leica RM2255) for histopatho-
logical examination. It was then stained with Haematoxylin & Eosin
(H&E) stain and analysed under a light microscope (Olympus BX50).
For histopathological evaluations, the Johnsen scoring system, which
determines spermatogenesis activity in testis, was used. Using a 10X
objective lens, at least 50 tubules were examined for each group.
Every seminiferous tubule profiles were given a score from one to

ten on the base of the criteria by Johnsen (Johnsen, 1970).

2.5 | Immunohistochemical staining

Testis sections previously immunised for immunohistochemi-
cal labelling with primary antibodies to inducible nitric oxide syn-
thetase (iNOS) and apoptosis protease activating factor 1 (Apaf-1)
were stained in accordance with the manufacturer's instructions.
Immunohistochemical staining was examined by a light microscope.
Immunological reaction was scored in accordance with the intensity

and degree of staining in the study.

2.6 | Statistical analysis

IBM SPSS Statistics 22 for statistical analysis (SPSS IBM) pro-
grammes were used to evaluate the finding in this study. When eval-
uating the study data, the suitability of the parameters to normal
distribution was examined with the Shapiro-Wilks test. For compari-
son of quantitative data, the Kruskal-Wallis test and Mann-Whitney

U test were used. Significance was evaluated at p < .05.

3 | RESULTS

No noticeable signs of external toxicity or deaths were observed in
the groups of rats. The biochemical, histopathological and immuno-
histochemical results were quite analogous for the control and sham
groups, and we decided to consider them without distinction and
report only the control group.

TABLE 1 Comparison of biochemical

parameters in tissue between groups
parameters

CAT (nmol/gr)
GPx (nmol/gr)
MDA (nmol/gr)
SOD (U/gr)
NO(nmol/gr)

v 30of8
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3.1 | Biochemical results

The CAT, SOD, GPx, NO and MDA values of testicular tissue sam-
ples are shown in Table 1. Accordingly, it was observed that CAT and
SOD values decreased in group C, but this decrease was not statisti-
cally significant (p > .05). In addition, CAT values were increased in
group D compared to group C, but this increase was not statistically
significant (p > .05). NO and MDA values increased significantly in
group C (p < .05). In addition, the values decreased significantly in
the group D compared with group C (p < .05). GPx values decreased
significantly in group C (p < .05). In addition, GPx values were signifi-

cantly increased in group D (p < .05).

3.2 | Histopathological results

In the histopathological examination of the testicular tissues of the
healthy control group, testicular tubules were found to be regular
and spermatogenesis was normal (Figure 1A). In the tissue samples
of the sham group, mild hyperaemia, oedema and vacuolar degener-
ation were detected (Figure 1B, Table 2, Table 3). The inflammatory
markers were listed as double-blind between 0 and 3 according to
their findings by two separate pathologists.

According to histopathological examination, acute inflammation
findings such as oedema bleeding were found to be highest in the
I/R group compared with the other groups. In addition to vascular
response, necrosis, vacuolar degeneration (Figure 1D) and spermatic
giant cell formation (Figure 1C) were significantly increased in the
study (Table 2, Table 3).The same parameters were determined be-
tween groups C and D. Inflammation findings in group C were higher
than group D. (Figure 1E,F).

When the Spermatogenesis Johnsen score was evaluated
double-blinded, it was observed that the mean values were lower
in the group C. Spermatogenesis scores were also low in the group
D. In the control and sham groups, the Johnsen score evaluation
showed that spermatogenesis activities were not affected (Figure 2).

It was observed that Johnsen scores decreased significantly
in group C compared to the sham and control groups (p < .05). In

Control Sham I/R :'\{+Iiraglutide

36.6+3.7 32+4.5 31+1.9 33.1+3.9%
7.6+2.8 6.6+3.3 1.7+1.2 7.849.9°

41.7+19.4 57.4+28 113.7+44.6 46.4+26.9°
1.7+0.6 1.3+0.6 0.9+0.7 1.1+0.7°
18+8 18.5+9.9 37.4+7.1 21.7+10.6°

Notes: Values are expressed as mean+SD for seven rats in each group.

2CAT values were increased in group D compared with group C, but this increase was not
statistically significant (p > .05).

PGPx values were significantly increased in group D compared with group C (p < .05).

“NO and MDA values decreased significantly in group D compared with group C (p < .05).
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FIGURE 1 Microscopic findings of
testis tissue of experimental groups. (A)
Testis tissue section of healthy control
group, Bar = 50 um, H&E. (B) Testicular
tissue of Sham group, Bar = 50 um,

H&E. (C) Testicular tissue of ischaemia-
reperfusion group, presence of spermatic
giant cell (arrow), Bar = 20 um, H&E. (D)
Testicular tissue of ischaemia-reperfusion
group, severe tubular degeneration
(arrow), Bar = 20 um, H&E. (E) Ischaemia-
reperfusion + liraglutide testicular tissue,
tubular degeneration, intense proteinous
oedema in the intertubular area (spiral),
Bar = 100 um, H&E. (F) Ischaemia-
reperfusion + liragglutide testicular
tissue, tubular degeneration, luminal
desquamation (arrow), Bar = 50 um,

H&E

TABLE 2 Light microscopy findings

OEdema Bleeding of inflammatory evaluations examined
n none + ++ et none + T+ St histopathologically between groups
Control 7 6 1 0 0 7 0 0 0
Sham 7 4 2 1 0 6 1 0 0
I/R 7 0 0 0 7 0 0 0 7
I/R+Liraglutide 7 1 3 3 0 4 1 1 1

n: total number of rats each group, +: mild oedema or bleeding reported, ++: moderate oedema or

bleeding reported, +++: severe oedema or bleeding reported

Acute inflammation findings such as oedema bleeding were found to be highest in the ischaemia-

reperfusion group compared to the other groups

addition, Johnsen scores in group D increased significantly com-
pared with group C (p < .05) (Figure 2).

In immunohistochemical staining, while Apaf-1 positivity was
mild and moderate in the control (Figure 3A) and sham (Figure 3B)
groups, Apaf-1 expression was significantly increased in the exper-
imental groups compared to the healthy control group. Especially,
Apaf-1 expression positivity was determined at a +3 level in all indi-
viduals of ischaemia-reperfusion group (Figure 3C). In the liraglutide

treatment group, the mean positivity was +2 (Figure 3D, Table 4).

In the evaluation of staining in terms of the iNOS expression,
various levels of positivity were determined in all study groups.
The iINOS expression was mildly observed in healthy subjects,
but increased in all testicular tissues with ischaemic damage. The
iNOS expression was found to be slightly positive in the control
group (Figure 4A), whereas it was higher in the sham group thanin
the control group (Figure 4B). In the ischaemia-reperfusion group,
iNOS positivity was found to be +3 in all subjects (Figure 4C),
whereas in the liraglutide treatment group, iNOS expression
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TABLE 3 Light microscopy findings of inflammatory evaluations examined histopathologically between groups

Giant cell Vacuolar degeneration
n none + ++ +++ none + ++ +++
Control 7 7 0 0 0 6 1 0 0
Sham 7 7 0 0 0 6 1 0 0
I/R 7 4 2 1 0 5 1 1 0
I/R+Liraglutide 7 6 1 0 0 5 2 0 0

n: total number of rats each group, none: pathologists reported 0, +: pathologists reported 1, ++: pathologists reported 2, +++: pathologists
reported 3 giant cell or vacuolar degeneration.
Giant cell and Vacuolar degeneration were found to be highest in the ischaemia-reperfusion group compared to the other groups

FIGURE 2 Comparison of Johnsen JOHNSEN SCORE
scores between groups. Johnsen scores 10
decreased significantly in group C 9
compared with sham and control groups.
In addition, Johnsen scores in group D 8
increased compared with group C 7
6
5
M JOHNSEN SCORE
4
3
2
1
0

control sham I/R+I|raglut|de

FIGURE 3 Apaf-1 staining levels
between groups. (A) Testis tissue of
healthy control group, Apaf-1 mild positive
staining, Bar = 50 um. (B) Testicular tissue
of Sham group, Apaf-1 moderate positive
staining, Bar = 50 um. (C) Testis tissue
belonging to ischaemia-reperfusion group,
Apaf-1 strong staining, Bar = 20 um. (D)
Testicular tissue belonging to ischaemia-
reperfusion + liraglutide group, Apaf-1
strong staining, Bar = 20 um

was relatively lower than in the ischaemia-reperfusion group. reproductive health. Ischaemia and reperfusion caused by detorsion
(Table 4). of the torsion testis lead to biochemical and morphological changes
in the tissue. Free oxygen radicals resulting from reperfusion are
held responsible for reperfusion damage (Moghimian et al., 2016). If
4 | DISCUSSION surgical treatment does within six hours of the presenting pain, there
is a decent chance of saving the affected testicle, as 90%-100% tes-
Testicular torsion is an urgent urological condition that occurs es- ticles will be saved. If surgical treatment does within 6-12 hr, 20%-

pecially in young males and may affect testicular function and 50% testicles will be saved and if surgical treatment does within
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TABLE 4 Comparison of Apaf-1 and

AEELE e iNOS values between groups
n none + At AR none + HE A

Control 7 6 1 0 0 5 2 0 0

Sham 7 5 2 0 0 5 2 0 0

I/R 7 0 0 1 6 0 0 2 5

I/R+liraglutide 7 0 5 2 0 0 5 2 0

n: total number of rats each group, +: mild positivity, ++: moderate posivitiy, +++: severe posivity

iNOS expression was relatively lower than in the ischaemia-reperfusion group. Apaf-1 expression
was significantly increased compared to the healthy control group. Apaf-1 expression positivity
was determined at a +3 level in all individuals of ischaemia-reperfusion group
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12-24 hr 0%-10% testicles will be saved (Shimizu et al., 2016). For

this reason, it requires rapid surgery to minimalise germinal cell in-

jury induced subfertility or infertility.

Rapid diagnosis and effective surgical treatment are very import-
ant to avoid ischaemic damage to the testicles. Surgical treatment
is required to detorsion the testicle and redintegrate blood flow.
Nevertheless, testicular reperfusion injury can also be produced
by surgeon after surgical management. Although the first pathol-
ogy is tissue ischaemia, I/R injury subsequent to testicular torsion-
detorsion contributes to the damage. During the reperfusion phase,
impairment in membrane permeability in mitochondria and cell
membranes with lipid peroxidation damages enzymes, proteins and
therefore DNA. With this, testicular germ cell injury caused by the
ischaemia increases further (Mogilner et al., 2006).

Varied therapeutic treatment options have been discussed in the
literature. Reduce in the amount of endogenous antioxidants indi-
cated antioxidant apposition prior reperfusion might provide preser-
vation in I/R damage on testis (Shimizu et al., 2016). To achieve this,
trimetazidine, N-acetylcysteine, tadalafil and darbepoetin were used

in experimental studies (Payabvash et al., 2007; Pekcetin et al., 2007;

A AR S FIGURE 4 iNOS staining levels
? between groups. (A) Control group testis

Ve O X tissue, iINOS, mild positive staining,
B Bar = 20 um. (B) Testicular tissue of
e sham group, iNOS mild positive staining,

Bar = 20 um. (C) Testicular tissue of
ischaemia-reperfusion group, iNOS strong
staining, Bar = 50 um. (D) Testicular tissue
belonging to ischaemia-reperfusion +
liraglutide group, iNOS moderate positive
staining, Bar = 50 um

Yildirim et al., 2018). Some of these ingredients could not begin to be
involved in everyday clinical use due to the lack of efficacy, the un-
certainty of side effects, and the lack of adequate information about
the safety and dosage of use.

Cells are protected by SOD against the destructive effects of su-
peroxide radicals physiologically. A decrease in SOD activity after
reperfusion was observed in most experimental testicular torsion
studies (McCord & Edeas, 2005; Payabvash et al., 2007). In our
study, in the group C, it was observed a decrease in SOD values,
but this decrease was not statistically significant. In addition, in the
group D, it was observed an increase in SOD values compared to
group C, but this increase was not statistically significant. CAT is
an enzyme created by SOD that converts hydrogen peroxide into
water and oxygen in peroxisomes. CAT levels have been observed
to decrease following experimental I/R study (Noske et al., 1998).
In present study, in the group C, it was observed a decrease in CAT
values, but this decrease was not statistically significant. In addition,
in the group D, it was observed an increase in CAT values compared
to group C, but this increase was not statistically significant. In

the existence of hydrogen peroxide, the oxidation of the reduced
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glutathione is catalysed by GPx to oxidised glutathione. GPx also re-
duces hydrogen peroxide created by SOD to water and oxygen in the
mitochondria and cytoplasm (Jaeschke, 1995). GPx values were sta-
tistically significantly decreased in group C in our study. In addition,
in group D, it was observed that the GPx values increased compared
to the I/R group and this was a statistically significant increase. The
latest product of lipid peroxidation is MDA, that is noted as a de-
pendable indicator of lipid peroxidation (Cao et al., 2011). Azizollahi
et al. (2011) reported increased serum MDA levels in the testicular
experimental ischaemia reperfusion model in the testicular torsion
group compared to the control group. In present study, MDA values
increased compared to the control group and, this increase was sta-
tistically significant. Besides, it was investigated that MDA values de-
creased with the administration of liraglutide and, this decrease was
also statistically significant. NO is a major marker of cellular demo-
lition by virtue of necrosis or apoptosis. Ischaemia in the vascular
endothelium causes an increase in NOS activity and, following this
increase, contributes to the formation of superoxide radicals with
the occurrence of reperfusion (Shiraishi, Naito, & Yoshida, 2001). In
our study, tissue NO values in the testicles remaining ischaemic in-
creased significantly compared to the Sham group. It was observed a
statistically significant decrease in NO values by enjected liraglutide.
The effect of liraglutide on biochemical values was parallel to antiox-
idant substances in the literature in present study.

iNOS can be produced and detected by inducing secondary mes-
sengers produced in the body in environments where ischaemia oc-
curs in the inflammatory infection process (Chamberlain, Mansfield,
& Cerra, 2008). In our study, tissue iNOS values increased statisti-
cally significant after reperfusion compared to the Sham group. At
the same time, it was observed a statistically significant decrease in
the iINOS values by enjected liraglutide. Apaf-1 plays a main role in
mitochondrial apoptosis (Erol et al., 2009). In our study, there was a
significant increase in tissue Apaf-1 values compared with the Sham
group. It was observed a statistically significant decrease in Apaf-1
values by enjected liraglutide. This result supported the efficacy of
liraglutide immunohistochemically.

One of the important parameters affected in testicular torsion is
spermatogenesis. It has been indicated that spermatogenic function
is notably damaged with respect to the Johnsen criteria in periods
ranging from two hours to three months after testicular reperfu-
sion (Ergur et al., 2008; Pekcetin et al., 2007). In present study, the
Johnsen score was lowest in the I/R group.

Liraglutide is a molecule whose protective effect is proven
in ischaemia reperfusion studies in organs such as heart and liver
(Abdelsameea, Abbas, & Abdel Raouf, 2017; Cheng et al., 2015). In
addition, the effect of reducing oxidative stress in endothelial and
brain nerve cells has been shown (Batchuluun et al., 2014; Shiraki
etal., 2012). Itis the first study which shows the protective effect of
liraglutide on testicular I/R injury in rats. The results obtained were
in line with the literature knowledge in most of the findings.

Experimental animal studies are very important in establishing a
new treatment modality as they provide the basis for clinical studies.

In order to administer a drug to a person in a pathological situation,
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several stages are required. Experimental animal studies are one of

these stages. In our study, limited number of data were examined, so
it would not be correct to obtain a definite result from a single study,
however, when the data obtained from similar experimental studies
are evaluated together, a basis for clinical studies can be formed.

The study has some limitations like no evidence of long-term
effects, the small sample, and the amount of biochemical and his-
topathological data examined is limited. Besides evaluated morpho-
logical semi-quantitative results, quantitative methods were not
performed in present study.

To sum up, the protective effect of liraglutide in testicular isch-
aemia reperfusion injury was showed in present study. The study
does not clearly demonstrate that liraglutide has perfect protective
effect since significance was not demonstrated, as some of the cal-
culations are not statistically significant. However, it is clear that
even if it is not statistically significant in some calculations, it shows a
close interference to the condition. This study has shown that it may
be protective but it needs further research in larger animal groups.
Moreover, varied experimental studies at different doses over a lon-
ger period are required.
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