INTRODUCTION

In literature, ischemic injury is defined as the
deoxygenation of the tissues and organs due
to reduction or complete cut-off of the blood
flow for several reasons (Parks & Granger 1986).
Permanent ischemia leads to irreversible injury
in ischemic cells (Newmeyer & Ferguson-Miller
2003). Therefore, the first intervention on the
ischemic tissue would be to achieve reperfusion.
But paradoxically, reperfusion of the ischemic
tissue leads to a more significant injury in tissue
than the ischemia-induced injury (Zimmerman
& Granger 1992). These ROSs, which are known
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Abstract: The aim of this study is to investigate the effect of metyrosine on ischemia-
reperfusion (I/R) induced ovarian injury in rats in terms of biochemistry and
histopathology. Rats were divided into: ovarian I/R(OIR), ovarian I/ R+50 mg/kg metyrosine
(OIRM) and sham (SG) operations. OIRM group received 50 mg/kg metyrosine one hour
before the application of the anesthetic agent, OIR and SG group rats received equal
amount of distilled water to be used as a solvent orally through cannula. Following the
application of the anesthetic agent, ovaries of OIRM and OIR group rats were subjected
to ischemia and reperfusion, each of which took two hours. This biochemical experiment
findings revealed high levels of malondialdehyde (MDA) and cyclo-oxygenase-2 (COX-
2) and low levels of total glutathione (tGSH), superoxide dismutase (SOD) and cyclo-
oxygenase-1(COX-1) in the ovarian tissue of OIR group, with significant histopathological
injury. In metyrosine group, MDA and COX-2 levels were lower than the OIR group whereas
tGSH, SOD and COX-1 levels were higher, with slighter histopathological injury. Our
experimental findings indicate that metyrosine inhibits oxidative and pro-inflammatory
damage associated with ovarian I/R in rats. These findings suggest that metyrosine
could be useful in the treatment of ovarian injury associated with I/R.

Key words: cyclo-oxygenase enzyme, ischemia-reperfusion, metyrosine, ovarian tissues,
rat.

to be the mediators of reperfusion, oxidize
cellular membrane lipids and generates toxic
substances such as the malondialdehyde
(MDA) from lipids (Del Maestro 1980). Another
mechanism of ischemia-reperfusion (I/R)
injury is the activation of phospholipase A2
with the increased intra-cellular calcium in
ischemic period. Phospholipase A2 increases
the production of arachidonic acid among the
membrane phospholipids. In tissue I/R, the
cyclooxygenase-2 (COX-2) enzyme is activated
and reveals pro-inflammatory prostaglandins
and free oxygen radicals from arachidonic acid
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(Yapca et al. 2013). While the increased xanthine
oxidase turns hypoxanthine into xanthine
with the achievement of re-oxygenation in
reperfusion, it leads to excessive free oxygen
radical (ROS) generation (Lindsay et al. 1990).
In clinical terms, ovarian I/R is a pathological
situation that comes out following the detorsion
applied on ovaries that have been torsioned for
some reason (Huang et al. 2017). These data
suggest that anti-oxidant and anti-inflammatory
drugs could be useful in the treatment of ovarian
I/R injury.

In this study, investigation of the protective
effect of metyrosine, which is a tyrosine enzyme
inhibitor drug participating in catecholamine
synthesis was aimed (Nasrallah et al. 1977).
There are several studies reporting the anti-
oxidant activity of metyrosine (Yigiter et al. 2012).
Metyrosine is reported to be protective to the
gastric tissue against indomethacin and ethanol
damage and to develop an anti-inflammatory
effectbyinhibitingthe cyclo-oxygenase-2enzyme
(Albayrak et al. 2010). Anti-ulcerous, anti-oxidant
and anti-inflammatory effects of metyrosine
indicate that it could protect the ovarian tissue
against I/R injury. We could not find any study in
the literature search the investigation the effect
of methyrosine on ovarian I/R injury. Therefore,
the aim of this study is to conduct a biochemical
and histological assessment of the effect of
metyrosine in IR-induced ovarian injury in rats.

MATERIALS AND METHODS

Animals

Experimental animals were supplied from the
Medical Experimental Study and Research
Center of Ataturk University. A total of 24 albino
Wistar female rats, weights of which varied from
280 to 295 grams, were randomly selected and
assigned into group. Animals were kept and
fed at ambient temperature (22°C) before the
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experimental study. Animal experiments were
performed in accordance with the National
Guidelines for the Use and Care of Laboratory
Animals and were approved by the local animal
ethics committee of Ataturk University, Erzurum,
Turkey (Ethics Committee Number: 252 Dated:
2712.2018).

Chemical substances

The thiopental sodium to be used in the
experimentwassupplied from I.E.Ulagay (Turkey),
meperidine was supplied from Liba Laboratories
(Turkey) and metyrosine was supplied from
Sigma Chemical (Munich, Germany).

Experimental groups

Rats were divided into groups to undergo ovarian
ischemic reperfusion (OIR), ovarian ischemic
reperfusion+50 mg/kg metyrosine (OIRM) and a
healthy group to undergo sham operation (SG).

Surgical and pharmacologic operations

Surgical operations were performed under
sterile conditions in a suitable laboratory
environment. Rats were anesthesized with
thiopental sodium 25 mg/kg intraperitoneally
(i.p.). As a pain-killer, 20 mg/kg meperidine was
administered via intraperitoneal injection. The
time of immobility of the animals in the supine
position is considered as the appropriate
anesthesia time for surgery (Nayki et al. 2016).
In this research, this duration was estimated
as 1,5-2 minutes. Prior to the application of the
anesthetic agent, OIRM group (n-8) received
50 mg/kg metyrosine orally (metyrosine was
dissolved in water) through a catheter. OIR (n-8)
and SG (n-8) group rats received equal amounts
of distilled water to be used as a solvent in
the same way. Following anesthesia, a 2-2,5cm-
long vertical incision was performed on pelvic
cavity of all rat groups to reach their ovaries.
Then, vascular clips were applied to the lower
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part of the ovaries (the part where the uterus
is connected to the ovary) to provide ischemia
for two hours (ischemia was not applied to the
ovaries of SG group). At the end of this process,
the vascular clips were removed to provide
reperfusion for two hours. Following reperfusion,
the rats were killed by high-dose anesthetic
agent and their ovaries were excised (Nayki et
al. 2016). The excised ovarian tissues were then
subjected to biochemical and histopathological
assessment.

Biochemical analyses

Malondialdehyde (MDA) analysis

MDA measurements were based on the
method used by Ohkawa et al. (1979), involving
spectrophotometrical measurement of
absorbance of the pink-colored complex formed
by thiobarbituricacid (TBA) and MDA. The serum/
tissue-homogenate sample (0.1 mL) was added
to a solution containing 0.2 mL of 80 g/L sodium
dodecyl sulfate, 1.5 mL of 200 g/L acetic acid, 1.5
mLof8g/L2-thiobarbiturate,and 0.3 mL distilled
water. The mixture was incubated at 95 °C for 1
h. Upon cooling, 5mL of n-butanol:pyridine (15:1)
was added. The mixture was vortexed for Tmin
and centrifuged for 30 min at 4000 rpm. The
absorbance of the supernatant was measured
at 532 nm. The standard curve was obtained by
using 11,3,3-tetramethoxypropane (Ohkawa et
al. 1979).

Total Glutathione (tGSH) analysis

The amount of GSH in the total homogenate was
measured according to the method of Sedlak
and Lindsay with some modifications (Sedlak
& Lindsay 1968). The sample was weighed and
homogenized in 2 mL of 50 mmol/L Tris-HCl
buffer containing 20 mmol/L EDTA and 0.2
mmol/L sucrose at pH 7.5. The homogenate
was immediately precipitated with 01 mL of

THE EFFECTS OF METYROSINE ON I/R IN RAT

25% trichloroacetic acid, and the precipitate
was removed after centrifugation at 4200 rpm
for 40 min at 4 °C and the supernatant was
used to determine GSH level. A total of 1500 pL
of measurement buffer (200 mmol/L Tris—HCl
buffer containing 0.2 mmol/L EDTA at pH 7.5),
500 pL supernatant, 100 uL DTNB (10 mmol/L)
and 7900 pL methanol were added to a tube
and vortexed and incubated for 30 min in 37 °C.
5,5-Dithiobis (2-nitrobenzoic acid) (DTNB) was
used as a chromogen and it formed a yellow-
colored complex with sulfhydryl groups. The
absorbance was measured at 412 nm using a
spectrophotometer (Beckman DU 500, USA). The
standard curve was obtained by using reduced
glutathione.

Superoxide dismutase (SOD) analysis

Measurements were performed according to the
method of Sun et al. (1988). (Sun et al. 1988).
When xanthine is converted into uric acid
by xanthine oxidase, SOD forms. If nitro blue
tetrazolium (NBT) is added to this reaction, SOD
reacts with NBT and a purple-colored formazan
dye develops. The sample was weighed and
homogenized in 2 mL of 20 mmol/L phosphate
buffer containing 10 mmol/L EDTA at pH 7.8.
The sample was centrifuged at 6000 rpm for 10
minutes and then the supernatant was used
as assay sample. The final volume of reaction
mixture was 2450 uL and contained 0.3 mmol/L
xanthine, 0.6 mmol/L EDTA, 150 pmol/L NBT, 0.4
mol/L Na,C0O,, 1 g/l bovine serum albumin and,
167 U/l xanthine oxidase. This reaction mixture
was vortexed and then it was incubated for 10
minutes at 25 °C. At the end of the reaction,
formazan occured. The absorbance of the
purple-colored formazan was measured at 560
nm. As more of the enzyme exists, the least 02
radical that reacts with NBT occurs.
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Measurement of COX activity

Preparation of reagents for COX activity
analysis

The analysis buffer was prepared by diluting
3 mL of the analysis buffer in 27 mL of HPLC-
grade water. The heme reagent was prepared
by diluting 88 pL of the hem solution in 1.912
mL of the previously prepared analysis buffer.
The arachidonic acid solution was prepared by
adding 100 pL of KOH to 100 uL of arachidonic
acid, vortexing, and diluting with 1.8 mL of HPLC-
grade water. The other substances used were
the COX standard, colorimetric substrate, DuP697
(COX-2 inhibitor), and SC-560 (COX-1 inhibitor),
which are available in commercial kits.

Procedures

Samples, inhibitors and standards were labeled
in a 96-well microplate. The samples stored at
-20 °C were gradually defrosted as firstly +4 °C
and then at room temperature. To prepare the
blind sample, a quantity of 50 yL from each
sample was transferred into a microcentrifuge
tube. The tubes were than boiled in a water
bath for 5 min and centrifuged at 8000 rpm for
1 min. The supernatant was used as the blind
sample. Then 150 pL of the analysis buffer and
10 pL of the hem solution were transferred into
each wells containing COX standard, sample,
and blind sample. Next, 10 uL of the standard,
sample, and blind samples were added to the
wells. Each of the inhibitor wells received 140 pL
of the analysis buffer, 10 puL of the hem solution,
10 pL of the sample, and 10 pL of the SC 560
solution. The plates were rotated in a plate
rotator for a few seconds and then incubated
at 25°C for 5 min. After incubation, first, 20 pL
of the colorimetric substrate and then 20 L of
the arachidonic acid solution were added into
each well. Again the plate was rotated for a few
seconds and incubated at 25°C for 5 min, the
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absorbances were then read at a wavelength
of 590 nm. Using the formula given below, the
total COX activity and the activities of COX-1 and
COX-2 were calculated. After calculating the total
COX activity of each sample, the COX activities
of the SC 560 treated samples were calculated
using the same formula to identify the COX-2
activities. The COX-2 activity was subtracted from
the total COX activity to determine the COX-1
activity. The enzyme quantity that oxidized 1
nmol of TMPD at 25°C in 1 min was accepted as
one enzyme unit, and the enzyme activity in the
tissues is provided as enzyme units per gram of
wet tissue.

. 0.21 mL
AA590/5 min
Total volume
Total COX 4 0.01 mL -
S 0.00826 pM™ | X . 2%
activity | = H Specimen volume

*The results are divided by two because 2 mol of TMPD
are required to reduce PGG, to PGH,. The activity of COX in
the tissue was expressed as nmol/min/mg protein (U/ mg
protein)

Histopathological examination

All tissue samples were first fixed in a 10%
formaldehyde solution. Following the fixation,
tissue samples were washed under tap water
in cassettes for 24 hours. Samples were
dehydrated in ascending gradient alcohols (70%,
80%, 90%, and 100%). Tissues were then passed
through xylol and embedded in paraffin. 4-5
pum sections of each block were cut and stained
with hematoxylin-eosin. Images were taken
using the Olympus DP2-SAL firm ware program
(Olympus® Inc. Tokyo, Japan). Ovarian tissue
sections were subjected to histopathological
assessment for congestion, hemorrhage, follicle
cell degeneration, effusion in follicular lumen,
cystic change and PNL infiltration. The severity
of the histopathological findings in each section
was scored from 0 to 3 (0-normal, 1-slight
injury, 2-moderate injury and 3-severe injury).
Histopathological assessment was carried out

An Acad Bras Cienc (2023) 95(2) €20201586 4 | 12



OMER E. YAPCA et al.

by the pathologist who were blind to the study
groups.

Statistical analysis

Data were analyzed using IBM SPSS 20 (IBM Corp.
Released 2011. IBM SPSS Statistics for Windows,
Version 20.0. Armonk, NY: IBM Corp.). The results
are expressed as the mean + the standard error
of the mean (SEM) for biochemical results. For
histopathological assessment the results are
expressed with mean + standart deviation,
median (minimum-maximum) value. While
comparing groups Kruskal Wallis test was used.
Differences between groups were obtained
using Dunn’s test as a post-hoc. A p value <0.05
was considered significant.

RESULTS

Biochemical results

MDA, tGSH and SOD analysis results

As is seen in figure 1, I/R caused an increase in
the MDA of the ovarian tissue of the animals.
Metyrosine significantly reduced the MDA
increase in the ovarian tissue exposed to I/R.
There was a statistically significant (p=0.030)
difference between the amounts of MDA in OIR
and OIRM groups. However, the difference of the
amounts of MDA in OIRM and SG groups was
statistically insignificant (p=0.130). Furthermore,
the I/R imposed on the ovarian tissue led to
an instant decrease in the amount of tGSH. Yet,
metyrosine inhibited tGSH decrease associated
with I/R. Whereas there was a significant
difference between OIR and OIRM groups in
terms of the amount of tGSH (p=0.019), the
difference was insignificant (p=0.256) between
OIRM and SG groups. I/R on the ovarian tissue
resulted with significant decrease in the SOD
activity. Metyrosine inhibited the decrease in the
SOD activity by way of I/R. Whereas there was
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Figure 1. Biochemical analysis results of MDA, tGSH
and SOD parameters. Values are expressed as mean *
SEM.

a significant difference between OIR and IRM
groups with respect to the SOD activity (p=0.028),
the difference between OIRM and SG groups was
insignificant (p=0.143). Descriptive statistics of
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MDA, tGSH and SOD analysis results are given
in Table I.

COX-1 and COX-2 analysis results

As is seen in figure 2, I/R applied on the ovarian
tissue significantly decreased COX-1 activity.
Metyrosine inhibited I/R-induced decrease in
the COX-1 activity of the ovarian tissue. Whereas
COX-1 activity revealed a significant difference
between OIR and OIRM groups (p=0.023), the
difference was insignificant between OIRM and
SG groups (p=0.194). I/R increased COX-2 activity
of the ovarian tissue. Metyrosine significantly
suppressed the increase in the COX-2 activity.
Statistical analyses showed a significantincrease
in the COX-2 activity in OIR group (p<0.001)
compared to OIRM group. The difference
between OIRM and SG groups was significant
(p=0.041) for COX-2 activity. Descriptive statistics
of COX activity results are given in Table I.

Histopathological assessment results

As is seen in figure 3, normal follicular structure
and corpus luteum were observed only in SG
animal group subjected to sham operation.
Ovarian tissues of OIR group animals subjected
to I/R displayed extensive congestion or
hemorrhage (Figure &4). Follicle cells of the ovarian
tissue of OIR group displayed degeneration,
effusion in follicular lumen and cystic change
(Figure 5). The ovarian tissue of OIR group
also displayed polymorphic nuclear leucocyte
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infiltration (Figure 6). The ovarian tissue of
OIRM group treated with metyrosine displayed
a decrease in follicle cell degeneration, cystic
change, congestion, hemorrhage and effusion
in follicular lumen (Figure 7). The statistical
evaluation of histopathological results is
presented in Table II. (FCD: Follicular cell
degeneration, FALF: Fluid accumulation in the
lumen of the follicle, CC: Cystic change, PNL:
Polymorphous nuclear leukocyte)

DISCUSSION

The effect of metyrosine on IR-induced
ovarian injury in rats was assessed in terms of
biochemistry and histopathology. Understanding
of the biochemical mechanisms of I/R injury is
significant for the development of new ways
of treatment to reduce I/R injury (Homer-
Vanniasinkam et al. 1997). The rich amount of
0, and hydrogen peroxide (H,0,) offered to the
ischemic tissue during reperfusion facilitates
the critical biochemical pathways leading to
hydroxyl (OH+) and superoxide radicals (02:-
) (Ozcan et al. 2015). These radicals, which are
known as ROSs, lead to the oxidation of the
cellular membrane lipids (LPO) and cellular
injury (Catala 2006). As can be understood from
our experimental findings, I/R increased MDA
production in the ovarian tissue, which suggests
that I/R facilitates LPO reaction in the ovarian
tissue. In a research conducted by Demiryilmaz

Table I. Descriptive statistics of biochemical results in study groups.

Groups
OIR OIRM SG p*
Mean * SEM Mean = SEM Mean = SEM
MDA 517 + 018° 2.52 + 0.20° 190 + 013 0.001
tGSH 273 +027° 5.62 + 0.27° 6.50 + 0.38 0.002
SOD 7.82 +0.25° 14.83 + 0.60° 18.00 + 0.97 0.001
COX-1 1.75 + 010° 423 +019° 510 + 0.33 0.001
COX-2 773 + 0.37° 173 + 013*° 0.86 + 0.05 0.001

*Kruskalwallis test results. For post-hoc test a:p<0.05 when compared with SG. b: p<0.05 when compared with OIR.
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et al. (2013), I/R was reported to be increasing
the production of LPO and its final product,
MDA in the ovarian tissue (Demiryilmaz et al.
2013). Consequently, the increase in the MDA in
a tissue suggests the increase in the ROSs. MDA,
which is the resultant of LPO, is toxic and may
lead to further injuries (Draper & Hadley 1990).
In this research where the protective effect of
metyrosine against I/R injury was investigated,
the amount of MDA in the metyrosine group was
very similar to the amount of MDA in the healthy
group. The protective effect of metyrosine
arising from the inhibition of MDA production
was also suggested by another study (Yigiter et
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al. 2012). Literature review revealed no research
about the effect of metyrosine on ovarian I/R
injury. On the other hand, recent research
findings have revealed that metyrosine protects
the gastric tissue against the oxidative damage
of I/R (Cimen et al. 2018).

Our experimental findings revealed a
decrease in the amount of tGSH, which is an
endogenic anti-oxidant, in the ovarian tissue
subjected to I/R. Furthermore, metyrosine
significantly inhibited the decrease in the
tGSH associated with I/R-induced oxidative
damage in the ovarian tissue. Oxidative-
damage-induced tissue injury is known to be
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Figure 2. Biochemical analysis results of COX-1and COX-2 parameters. Values are expressed as mean * SEM.

Figure 3. Ovarian tissue of the animal group sbjected
to sham operation (SG) displays corpus luteum (star)
and follicular structures (arrows) (H&E).

r""wv ",‘:1

Flgure 4, Ovarian tissue of the OIR group displays
extensive congestion (star) and severe hemorrhage
(arrows) (H&E).
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treated with anti-oxidants. Anti-oxidants both
inhibit pre-injury radical formation and heal
the existing oxidative damage (Sorg 2004). GSH
is a common and important anti-oxidant in
living tissues. GSH reacts with H,0, and organic
peroxides under the catalyzing effect of GPx, an
enzyme involving selenium in the active region,
produces a detoxifying effect and protects the
cells from ROS injury (Murray et al. 2000). The
histopathological findings available in literature
reveal that I/R-induced oxidative damage is
slighter in the ovarian tissue maintaining its
tGSH level (Turkler et al. 2018). In some studies,
metyrosine is proven to be inhibiting the
decrease in the tGSH in heart tissue caused by a
cardio-toxic agent (Ahiskalioglu et al. 2015).

SOD has been another endogenous anti-
oxidant parameter which has decreased in
the ovarian tissue subjected to I/R. This is an
enzyme catalyzing superoxide’s transformation
into H,0, and O,. All types of SOD may catalyze
dismutation reaction of superoxide (Buettner et
al. 2006). The level of SOD in metyrosine group
is close to reference levels, suggesting that it
protects the tissue against the harmful effects
of ROS. Kurt et al. (2011) also report that SOD
activity is decreased in damaged ovarian tissue

Figure 5. The section displaying the cystic change
(star) and follicle cell degeneration (arrow) in the
ovarian follicles of the OIR group (H&E).

THE EFFECTS OF METYROSINE ON I/R IN RAT

(Kurt et al. 2011). In another study, anti-oxidant
drugs inhibiting the depletion of SOD level are
reported to protect the ovarian tissue against
I/R injury (Cadirci et al. 2010). To the best of our
knowledge, no research studying the effect of
metyrosine in minimizing the ovarian SOD by
I/R was found. However, Cimen et al. (2018) have
shown that SOD was decreased in the gastric
tissue injured by I/R operation. They have also
reported that gastric injury was less in the
metyrosine group with a high SOD level (Cimen
et al. 2018).

Studies have shown that, phospholipase
A2 got activated with the increase in the
intracellular calcium in ischemic period.
Phospholipase increases the production of
arachidonic acid, which is one of the membrane
phospholipids. In I/R, cyclooxygenase-2 (COX-
2) enzyme becomes active and releases pro-
inflammatory prostaglandins and free oxygen
radicals from arachidonic acid (Yapca et al. 2013).
In this research, the ovarian tissue subjected to
I/R had high COX-2 and oxidant levels whereas
low COX-1 activity. On the contrary, COX-1 level
was high and COX-2 level was low in metyrosine
group. The brain tissue subjected to I/R
displayed that, COX-2 enzyme activity increased

Figure 6. The section displaying the neutrophil
infiltration (arrows) in the ovarian tissue of the OIR
group (H&E).
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y - 3 d \
Figure 7. A section of ovarian tissue of the OIRM group
showing cystic change (asterisks) with a small amount
of fluid accumulation in the lumen and a small number
of follicular cells, (arrow), mild congestion (zigzag
arrow), (H&E).
in parallel with the increase in the oxidant
parameters (Wicha et al. 2017). As is known,
COX-1 enzyme is responsible for the synthesis
of cyto-protective prostaglandins whereas
COX-2 is responsible for the synthesis of pro-
inflammatory prostaglandins (Smith et al. 1996).
Consequently, while COX-1 enzyme inhibition
leads to tissue injury, COX-2 inhibition protects
the tissue from inflammatory injury (Suleyman

Table Il. Histopathological assessment in study groups.

THE EFFECTS OF METYROSINE ON I/R IN RAT

et al. 2010, 2009). While there is no finding
showing the effect of metyrosine on COX in the
ovarian tissue, there are findings suggesting
that metyrosine antagonizes the decrease in
the COX-1 activity and the increase in the COX-2
activity in the gastric tissue, creating a gastro-
protective effect (Albayrak et al. 2010).

Our biochemical findings obtained from the
ovarian tissues of all animal groups included
in the experiment are conformant with our
histopathological findings. Histopathological
findings such as severe congestion, hemorrhage,
follicle degeneration, effusion in follicular
lumen, cystic change and polymorphous nuclear
leucocyte (PNL) infiltration were observed
in the animal ovarian tissue subjected to I/R
only. Ovarian tissues of the animals treated
with metyrosine were found to have subsided.
In previous studies it has been shown that,
severe histopathological injury developed in
the ovarian tissue of the I/R group with high
oxidant values and COX-2 level and low anti-
oxidant values and COX-1 level (Isaoglu et al.
2012, Turkler et al. 2018). Unlubilgin et al. (2017)
reported histopathological symptoms such as

Groups
p*
OIR OIRM SG
Congestion 2.8+0.4° 1.0+0.6" 0+0 0.001
g 3(2-3) 1(0-2) 0(0-0) '
3.00.0° 1.3+0.5° 0+0
Haemorrhage <0.001
3(3-3) 1(1-2) 0(0-0)
2.7+0.5° 1.2+0.8° 0+0
FCD 0.001
3(2-3) 1(0-2) 0(0-0)
2.8+0.4° 12+0.4° 0+0
FALF 0.001
3(2-3) 1(1-2) 0(0-0)
2.3+0.5° 0.7+0.5° 0+0
cC 0.001
2(2-3) 1(0-1) 0(0-0)
2.8+0.4° 0.3+0.5° 0+0
PNL 0.001
3(2-3) 0(0-1) 0(0-0)

Results were presented as mean * SD, median (min-max) value. 0-normal, 1-slight injury, 2-moderate injury and 3-severe injury.
*Kruskalwallis test results. For post-hoc test a:p<0.05 when compared with SG. b: p<0.05 when compared with OIR. FCD: Follicular
cell degereration, FALF: Fluid accumulation in the lumen of the follicle, CC: Cystic change, PNL: Polymorphous nuclear leukocyte.
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hemorrhage, congestion, follicle degeneration
and PNL infiltration in the ovarian tissue with
increased oxidative stress and pro-inflammatory
indicators associated with 1/R (Unlubilgin et al.
2017). PNLs play a key role in the exacerbation of
oxidative stress and inflammatory injury during
reperfusion (Yapca et al. 2013). In conclusion: I/R
led to oxidative stress and inflammatory injury
in the ovarian tissue. In terms of biochemistry
and histopathology evaluations, metyrosine was
shown to be suppressing the oxidative and pro-
inflammatory injury associated with I/R. These
suggest that metyrosine could be useful in the
treatment of I/R-induced ovarian injury.
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