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ABSTRACT

Obijective: The purpose of this study is to examine the protective effects of maresin | on
testicular injury induced by ischemia reperfusion.

Methods: 24 Sprague-Dawley male rats were divided into 3 groups. The groups are planned
as follows; sham, ischemia reperfusion and ischemia reperfusion+maresin | groups. The
spermatic cord was detected and clamped for 2 hours to establish the prompt. After 2
hours, the clamp was removed and testicular reperfusion was achieved for 2 hours. At the
end of the reperfusion phase, testicular tissues were taken and total antioxidant capacity
(TAC), total oxidant capacity (TOC), superoxide dismutase (SOD), malondialdehyde (MDA)
and myeloperoxidase (MPO) levels were determined by spectrophotometric method.

Results: In the ischemia-reperfusion group, TOS and MDA and MPO are increased, the
levels of TAS and SOD molecules are decreased. TOS and SOD levels are increased and TAS,
MDA and MPO levels are decreased in the Maresin-| treatment group.

Conclusion: These results show us that a single dose of maresin-1 application is effective
against oxidative damage caused by ischemia reperfusion.

of the testis. Superoxide anions, hydrogen peroxide and
hydroxyl radicals lead to the formation of reactive oxy-

Testicular torsion is an acute surgical condition that can
result in ischemia, severe destruction of the testis and
ischemia, and even infertility.'! It has been shown in the
literature that oxidative stress is also responsible for the
damage caused by detorsion after ischemia.l’!. Molecules
migrating to the ischemic area with greater blood flow af-
ter deformation lead to ischemia reperfusion (I/R) damage

gen radical (ROS) and damage many components of the
cell, especially the cell membrane and DNA.B! Changes
in blood supply by I/R, excessive ROS secretion, cytokine
and neutrophil migration cause changes that may lead to
infertility.! In rats, spermatic cord torsion causes apopto-
sis and inflammation-mediated damage to spermatogen-
esis.’! Antioxidant agents used today reduce the damage
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by eliminating ROS in addition to the body's endogenous
antioxidant defense mechanisms.[®”]

Maresin-1 (MaR-1) (7,14-dihydroxydocosa-4Z, 87, 10, 12,
16Z, 19Z hexanoic acid) is derived from docosahexaenoic
acid.®! MaR-1 is a chemical isomer of maresin. It shows
that MaR-1 inhibits ROS in cells and tissues and alleviates
the inflammatory response. It was also found to suppress
colonic inflammation in mice.*'” MaR-1 has been shown
to be an effective mediator in the stopping of polymor-
phonuclear infiltration and phagocytosis of macrophages.
[''l MaR-ldecreased liver steatosis in ob/ob and dietary
obese mice.l'7 MaR-1 also improved microbial killing via
macrophages in clinical periodontitis.l'*'! MaR-1 demon-
strated anti-inflammatory effects in a murine colitis model.
[1 MaR-1 enhanced antioxidant pathway activation in lung
I/R injury.l'® Here, it was evaluated the effects of MaR-I
against oxidant and inflammatory injuries in testicular T/D
rat model.

MATERIALS AND METHODS

Experimental phase of current research was carried out
at Experimental Animal Research and Application Center
in our university and experiment animals were supplied by
the same place. Animals were kept into standard cages in
laboratory environment provided with humidity, tempera-
ture and light/dark cycle control. Animals were fed with
standard pellet feed and water. Animals were fasted before
the experiment for 12 hours to prevent anesthesia compli-
cations. This study was initiated with approval (2019-65)
of our University Experimental Animals Local Ethics Com-
mittee. Maresin-1 was supplied by Sigma-Aldrich Co, USA.

Groups and I/R model

In our study, 24 Sprague-Dawley male rats were weighed
(27015 g) and randomly divided into 3 groups. In sham
group, the abdominal area was shaved and cleaned. Also,
abdominal area was opened with an incision under the
anesthesia and closed again without I/R model and any
medication. In I/R group, immediately after anesthesia
was given, the rats were fixed in the dorsal horizontal
position. The incision area was cleaned with povidone io-
dine. Median laparotomy incision was made in |-2 cm size.
Spermatic cord was found and clamped with atraumatic
microvascular clamp to create ischemia for 2 hours. The
clamp was removed and testis reperfusion allowed for 2
hours. At the end of the reperfusion period, testis tissue
samples were rapidly taken. I/R+MaR-1 (I ng/0.] mL); as a
defined in the I/R group, ischemia was induced for 2 hours
by clamping. MaR| (diluted in sterile saline) was admin-
istered intraperitoneally at dose of | ng/0.] mL 30 min-
utes before reperfusion.l'”! After 2 hours of ischemia, the
clamp was removed and the reperfusion period started
for 2 hours. Finally, at the end of the experiment, testes
were washed and kept frozen until the biochemical anal-
ysis.

Biochemical measurements

Testis tissues were taken out of the deep freeze and
weighed on the day of the analysis. A 10% homogenate
was created by adding phosphate buffer on the tissues
and they were homogenized (IKA, Germany) at 12.000
rpm for |-2 min on ice. Homogenate tissue samples
were centrifuged at 5000 rpm at +4°C for 30 min to
obtain the supernatant. Obtained supernatants were
tested for TAS, TOS, SOD, MDA, MPO. After the tissues
were homogenized, all biochemical analyses were carried
out in supernatants from homogenized tissues. Testis
samples were processed for malondialdehyde (MDA) as-
say to determine lipid peroxidation status according to
methods of Ohkawa et al.l'®l The results were given in
pmol/g protein. It was measured using the superoxide
dismutase (SOD) activity determination protocol defined
by Sun et al.l'! The results of tissue samples were pre-
sented in U/mg protein. We also quantified testis injury
by measuring tissue myeloperoxidase (MPO) activity, the
activity of infiltrated neutrophils, using a protocol devel-
oped by Bradley et al.?® The results of MPO activity tis-
sue samples were given in U/g protein. Total antioxidant
status (TAS) value was measured with the commercially
available kit (LOT: AK17081A) Rel Assay Diagnostics,
Gaziantep, Turkey). Total oxidant status (TOS) measure-
ment was made with commercially available kit (Rel As-
say Diagnostics). TAS and TOS results were presented
as nmol/L. The ratio of TOS to TAS was accepted as
the oxidative stress index (OSI). OSI value was detected
as follows: OSI=[(TOS, pmol H,O, equivalent/L)/ (TAS,
mmol Trolox equivalent/L)x |0].

Statistical analysis

One-way ANOVA with the Tukey test was used for mul-
tiple comparisons. Descriptive statistic was given as the
meanztstandard deviation (SD). The results were consid-
ered statistically significant at the level of p<0.05.

RESULTS

Biochemical parameters

There was no morbidity or mortality in rats during ex-
perimental applications. In Table |, when I/R group, com-
pared to sham group, TAS (from 1.23+£0.06 to 0.67+0.12,
p<0.001) level decreased, whereas TOS (from 7.50+0.89
to 11.96+1.04, p<0.00l) and OSI (from 0.61+0.08 to
1.84+0.46, p<0.001) levels increased. When I/R+MaR-I
group, compared to I/R group, TAS (from 0.67+0.12 to
1.16£0.13, p<0.001) level increased, while TOS (from
11.96+£1.04 to 7.80+0.84, p<0.00l) and OSI (from
1.84+£0.46 to 0.671£0.09, p<0.001) levels decreased.
When I/R group compared to sham group, SOD (from
359.97+67.21 to 168.79+19.79, p<0.001) level decreased,
but MPO (from 34717.30+8438.67 to 83419.38+9466.95,
p<0.001), MDA (from 223.99+27.87 to 412.14+£74.02,
p<0.001) levels increased. When I/R+ MaR-1 group
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Table I. Mean values of TAS, TOS, OSI, SOD, MPO and MDA parameters and comparison among sham, I/R and I/R+MaR-|
groups

Experimental TAS TOS osl Sob MPO MDA

Groups/Parameters (n=8) (mmol/L)  (pmol/L) (arbitrary unit) (U/mg protein) (U/g protein) (umol/g protein)

Sham (l) 1.23£0.06  7.50+0.89 0.61+0.08 359.97+67.21  34717.30+8438.67  223.99+27.87

I/R (1) 0.67£0.12* 11.96x1.04  1.84+£0.46" 168.79£19.79° 83419.38+9466.95* 412.14+74.02°

I/R+MaR-1 (lll) 1.16+0.13> 7.80+0.84° 0.67+0.09* 379.29+45.28> 34203.94+7711.96> 221.89+22.06"

2p<0.001 compared to sham group. °p<0.001 compared to I/R group. TAS: Total antioxidant status; TOS: Total oxidant status; OSI: oxidative stress index;

SOD: Superoxide dismutase; MPO: Myeloperoxidase; MDA: Malondialdehyde.

compared to I/R group, while the level of SOD (from
168.79+£19.79 to 379.29+45.28, p<0.001) increased, MPO
(from 83419.384£9466.95 to 34203.94+7711.96, p<0.001)
and MDA (from 412.14+74.02 to 221.89+22.06, p<0.001)
levels decreased.

DISCUSSION

Testicular torsion is a disease caused by abnormal bend-
ing of the spermatic cord in young men.?' Surgical cure is
achieved in 42% to 88% after torsion.’” Since germ cells
in the testis are highly susceptible to oxidative damage, I/R
damages seminiferous epithelium, germinal epithelium and
Leydig cells and can lead to subfertility or infertility due to
ROS overproduction.?**! Studies in the literature confirm
this result and have shown that sperm count decreases in
male patients after torsion/detorsion (T/D).?¢! A series of
cellular dysfunction after T/D causes damage to DNA, func-
tional degradation and destruction of proteins and lipids.
(27281 MDA indicates increased free radical formation® and
was increased by I/R in our study, which approached control
values after agent administration. Protective endogenous
enzymes, especially SOD, fight with the destructive effect
of ROS and these molecules form TAS.E" In our study, TAS
level and SOD were decreased in the I/R group, and this
value increased again statistically with MaR-| application.
The OSI, which is an indicator of oxidative stress,*2 was
increased in I/R and decreased in treatment group. MPO is
determined intensively in neutrophils, and high concentra-
tion of MPO indicates neutrophil activation.’® MPO was
increased in I/R and decreased significantly in MaR-1 group.

Many MaR-|-related studies are available in the literature
supporting the results of our study. In the sepsis-mouse
model, MaR-| decreased ROS and improved CAT and SOD
activity in mitochondria.l''’ MaR-1 significantly reduced ROS
and induced SOD and CAT in lung I/R injury!'® and pro-
tected carbon tetrachloride-induced liver injury.* MaR-|
decreased the proinflammatory cytokines and increased
interleukin- 10 in lipopolysaccaride-induced lung injury mod-
elsB>%! and decreased neutrophil infiltration and cytokines
in another inflammatory respiratory experimental model.
37 In parallel with these studies, in current study, antioxi-
dant and anti-inflhammatory properties of MaR-| have been
shown in testis I/R model in rats. In the I/R group, TAS and
SOD decreased while MDA, MPO, TOS, OSI levels were
increased and MaR-| treatment reversed these levels.

Due to current results, reduction of MDA, MPO, TOS,
OSI levels in testicular I/R model in rats by MaR-I, sug-
gesting that MaR-1 alleviated I/R-induced testis injury. Ve
assessed oxidative stress in testis tissue to evaluate the
improving effect of the MaR-1 in I/R-induced testis injury
and observed that oxidative stress decreased with MaR-1.
The fact that there is no study related with the protective
effects of MaR-| in the literature review of I/R-induced
testis injury model makes this study original.

Understanding cellular damage mechanisms of I/R is im-
portant for planning new and effective treatment methods.
I/R studies demonstrated that oxidative stress suppression
can provide significant contributions to the I/R treatment.
In this study, oxidative stress pathways were suppressed by
MaR-I and this encourages hope in the treatment of I/R.

CONCLUSIONS

These results recommend that MaR-1 may protect the
testis by diminishing oxidative injury caused by I/R. We
have indicated that treatment with MaR-| at single dose
(1 ng/0.1 mL) reduces testicular damage induced by I/R in
testis in experimental animals exposed to a T/D model.
Part of the mechanisms of these protective effects of MaR-
I may be caused from supporting the antioxidant capaci-
ties by MaR-|. Moreover, further researches are necessary
to explain the other protective mechanism on I/R-induced
testicular tissue damage. Current study has its own limi-
tations. We did not find any testis study with MaR-| to
compare our experiment.
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Testikuler iskemi Reperfuzyon ile indUklenen Oksidatif Strese Maresin-1in Etkilerinin

Arastirnlmasi

Amag: Bu arastirmanin amaci, maresin 1'in iskemi reperfiizyonun indiikledigi testis hasari tizerindeki koruyucu etkilerini incelemektir.

Gereg ve Yontem: 24 Sprague-Dawley erkek siganlar 3 gruba ayrildi. Gruplar su sekilde planlanmistir; sham, iskemi reperfiizyon ve iskemi
reperfiizyon+ maresin | gruplari. Spermatik kord tespit edildi ve istemi olusturmak igin 2 saat siire ile klempendi. iki saati takiben klemp
gikarildi ve 2 saat boyunca testis reperfiizyonu saglandi. Reperfiizyon agamasinin sonunda, testis dokulari alinarak total antioksidan kapasite
(TAK), total oksidan kapasite (TOK), siiperoksit dismiitaz (SOD), malondialdehit (MDA) ve myeloperoksidaz (MPO) diizeyleri spektrofoto-
metrik yontemle belirlendi.

Bulgular: iskemi-reperfiizyon grubunda TOS ve MDA ve MPO artti, TAS ve SOD molekiillerinin seviyeleri azaldi. Maresin-| tedavi grubunda
TOS ve SOD diizeyleri artarken ve TAS, MDA ve MPO diizeyleri azald.

Sonug: Bu sonuglar bize, tek doz maresin-1 uygulamasinin, iskemi reperfiizyonunun neden oldugu oksidatif hasara karsi etkili oldugunu
gostermistir.

Anahtar Sézciikler: inflamatuvar; maresin |; oksidatif stres; sican; testikiiler iskemi reperfiizyon.
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