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Abstract

Reactive oxygen species (ROS) and inflammation play important roles in the pathogenesis of ischemia/reperfusion (I/R) ovarian injury. The purpose
of this in-vivo study is to evaluate the effect of osajin, a prenylated flavonoid with antioxidant and anti-inflammatory properties, on oxidative
balance and ovarian damage induced by unilateral I/R. The study used 48 adult, female Wistar albino rats. In the controls (CN), only laparotomy was
performed. In group CN°%", 200 mg/kg osajin was administered. In group IRV“E, an ischemic period of 3 h was followed by reperfusion for 3 h;
the bilateral ovaries were then removed. In groups IR%="% and |R%n2°, after 3 h of ischemia, 100 and 200 mg/kg of osajin was given orally before
reperfusion, respectively; after 3 h of reperfusion, the ovaries were removed. After the experiments, MPO, SOD and CAT enzyme activities and LPO
levels was determined for the oxidative state and activities of PMNSs. In addition, histopathological changes were examined in all rat ovarian tissues.
Statistical analysis was performed using one-way ANOVA (with Duncan). According to biochemical and histopathological results, I/R increased LPO
levels and MPO activities and infiltration of PMNs despite high-antioxidant SOD and CAT enzyme activity. Both dosage levels of osajin before I/R
significantly decreased LPO level and MPO activity and PMN infiltration compared to those of the IR group, with the higher dosage causing
greater decreases. In addition, results showed that treatment with osajin against ameliorated development of irreversible ovarian damage induced
by I/R. These results suggest that osajin provides protections against ovarian I/R injury. Its mechanisms could be related to mitigation of oxidative
stress and activities and to PMN infiltration.
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Sican Ovaryumlarinda iskemi/Reperfiizyon Hasar Uzerine Osajin’in
Koruyucu Etkileri: Biyokimyasal ve Histopatolojik Degerlendirme

Ozet

inflamasyon ve Reaktif Oksijen Siniflari (ROS) iskemi reperfiizyon (I/R) over hasarlarinda cok énemli rol oynar. Bu in vivo ¢alismanin amaci tek tarafli
I/R ile olusturulan over hasari ve antiinflamatuvar ve antioksidant ézellikli bir flavonoid olan osajinin oksidatif denge lzerine etkilerini incelemektir.
Calismada 48 yetiskin disi Wistar albino rat kullanildi. Kontrol (CN) grubuna yalnizca laparatomi uygulandi. CN°i" grubunda, sadece 200 mg/kg
dozda osajin verildi. IRVt grubunda, 3 saatlik iskemik periyodu 3 saatlik reperflizyon takip etti; daha sonra bilateral yumurtaliklar alindi. IR%#"1% ye
IROsin200 gryplarinda 3 saatlik iskemiden sonra sirasiyla 100 ve 200 mg/kg osajin reperflizyondan 6nce oral olarak verildi.; 3 saatlik reperfiizyondan
sonra yumurtaliklar alindi. Deneylerden sonra, PMN'lerin aktiviteleri ve oksidatif durumlari icin MPO, SOD ve CAT enzim aktiviteleri ve LPO diizeyleri
belirlendi. Ek olarak histopatolojik degisimler tim rat ovaryum dokularinda incelendi. Istatistiksel analizler one-way ANOVA kullanilarak yapildi
(Duncan ile). Biyokimyasal ve histopatolojik sonuglara gore, yiiksek antioksidan SOD ve CAT enzim aktivitesine ragmen, I/R PMN'lerin infiltrasyonunu,
MPO aktivitelerini ve LPO diizeylerini artirdi. iskemik reperfiizyondan énce, osajinin her doz seviyesi biiyiik bir diisiise sebep olan yiiksek dozla
birlikte IRVEH'E grubunda olanlarla karsilastirildiginda LPO diizeyi, MPO aktivitesi ve PMN infiltrasyonunu 6nemli derecede dustirdi. Ek olarak sonuglar
donustimsiz ovaryum hasarinin iyilestirmeden gelismesine karsin osajin ile tedavi I/R tarafindan uyariimis oldugunu gésterdi. Bu sonuclar osajinin
ovariyan iskemik reperflizyon hasarina karsi koruma sagladigini distindiirmektedir. Bunun mekanizmalari oksidatif stresi ve aktivitelerini ve PMN
infiltrasyonunu azaltmasi ile ilgili olabilir.

Anahtar sézciikler: Osajin, Iskemi/Reperfiizyon, Oksidatif stress, Ovaryum, Rat
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INTRODUCTION

Ischemia/reperfusion (I/R) injury is one of the main
causes of organ damage. It has been reported that certain
organs, such as the kidneys, liver, ovaries, heart and brain
are damaged by the I/R process . I/R is a pathological
situation characterized by restriction of blood flow to an
organ followed by re-ensuring of perfusion and resupply
of oxygen . Ovarian torsion is the twisting of an ovary
and/or tubular and supporting ligaments, an ischemic
condition characterized by accompanying reduction or
complete stoppage of blood flow B, Torsion of the adnexa
is seen in women of all ages, however, 70-75% of patients
are under the age of 30, and this condition is responsible
for 2.7% of all emergency gynecological surgeries 4., Signs
and symptoms of ovarian torsion often resemble acute
appendicitis and also are seen as abdominal and pelvic
pain in young girls. Ovarian torsion often is misdiagnosed ..
Laparoscopic ovarian-torsion surgery generally is used for
ovarian detorsion and to restore blood flow to the ovary.
Before surgery, painkillers usually are used for pain control ©.
In neglected or prolonged cases, necrosis develops in
ovarian tissue to which blood flow has been cut for a long
time. In these cases, surgical removal of the ovaries is
required .

Ovarian detorsion may lead to increased reactive oxygen
species (ROS), depending on the recovery of oxygen in the
damaged ischemic tissue cells and oxidative tissue damage
caused by reperfusion after ischemia 5%, ROS metabolics
over the normal physiological levels damage cell structures,
beginning with membranes (lipids) an extending to proteins
and DNA " As a result of the appearance of various
stimulants via I/R, activation of macrophages in tissue
increases production of pro-inflammatory cytokines, such
as TNF-alpha and IL-1, and chemokines . These cytokines
and chemokines may induce circulating neutrophils to
adhere to endothelial cells and migrate to tissues %,
Depending on neutrophil activation, increased ROS and
inflammatory products mediated by respiratory bursts
may cause more oxidative damage "8, Previously, it
has been reported that oxidative stress and its damage
mechanisms may cause infertility and early menopause %,
In addition, some antioxidant and anti-inflammatory drugs
or agents have been determined as beneficial in mitigating
detorsion (reperfusion) side effects, depending on their
ability to reduce oxidative stress '8,

Flavonoids are a heterogeneous group of phenolic
compounds that have a variety of biological effects, such
as antioxidant, anti-inflammatory, anticancer, antiviral and
anti-allergic 2% Osajin is a main flavonoid compound
as is obtained from ethyl acetate extract of fruits of
the Maclura pomifera species of the mulberry family,
Moraceae Y. Vesel a et al?Z showed that osajin possesses
low antioxidant effects compared to peroxynitrite-
scavenging activity, inhibition of lipid peroxidation and

DPPH-scavenging activity. In addition, Tsao et al.?". observed
the antioxidant activities of osajin in FRAP and (3-CLAMS
tests. Interestingly, Diopan et al.?¥ found that, although
the antioxidant capacity of osajin was lower, it strongly
decreased oxidative damage of the four bases (guanine,
thymine, adenine and cytosine) in DNA exposed to oxygen
radicals generated by Fenton’s reaction. Recently, I/R in in-
vivo (animal) studies in heart and kidney tissue produced
strong evidence of the antioxidant activities of osajin, in
spite of its showing less activity in in-vitro studies 4%,
In addition to these effects of osajin, Hosek et al. showed
that inhibition of 1kB-alpha degradation mediated anti-
inflammatory effects of osajin in macrophage cell
cultures 29, Therefore, the present study used both bio-
chemical and histopathological methods to investigate
whether osajin could provide protective antioxidant and
anti-inflammatory effects against I/R-induced ovarian
damage.

MATERIAL and METHODS

Animals

The animals were housed in compliant facilities, and
the experiment was conducted in accordance with inter-
national guidelines and were approved by the Institutional
Animal Care and Use committee of Ataturk University.
This study used 48 adult, female Wistar albino rats (210-
230 g) from the Ataturk University Experimental Animal
Laboratory (ATADEM-Approval No: 2013-03/96). The 48
rats were divided into eight groups of six rats each, and
all rats were in the estrous phase when killed during the
experiment.

Chemicals

Osajin used in this study was purified with chromato-
graphic methods by PhD. Ahmet Cakir. Also, the chemical
structure of Osajin was confirmed by spectroscopic methods
in the UV-VIS, IR, TH-NMR, 13C-NMR, 1D and 2D NMR.
Thiopental sodium (Pentothal sodium) was purchased
from Abbott (Istanbul, Turkey). All the other chemicals for
laboratory experimentation were purchased from Sigma-
Aldrich (Germany).

Surgical Technique

All surgical procedures were performed under sterile
conditions using thiopental sodium as an anesthetic.
During the acclimatization period, the rats were fed a diet
of standard commercial rat pellets. For this procedure,
the animals were anesthetized with 25 mg/kg thiopental
sodium, injected intraperitoenally. A longitudinal incision
of 2.5 cm was made in the midline area of the lower
abdomen. A small peritoneal incision was made, and the
uterine horns and adnexae were located.

A sham operation (laparotomy only) was performed
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on the six rats in the control group (CN; n = 6). In the
second group, a sham operation was performed after
administration of 200 mg/kg osajin (CN°%"; n = 6). In the
third, fourth and fifth groups, bilateral ovarian ischemia
was created by applying vascular clips below the ovaries
and a 3-h period of ischemia was followed by 3 h of
reperfusion. Then 2 h after induction of ischemia, groups
4 and 5 were administered100 mg/kg (IR°"'%; n=6) and
200 mg/kg (IR%42%%; n = 6) doses of osajin, respectively,
by oral gavage. Osajin was dissolved in a small volume
of diluted, hot 0.9% NaCl to a final concentration of
1 ml. Group 3 was administered 1 ml/kg of saline solution
(IRVEHICLE, n = 6) by gavage. At the end of 3 h of reperfusion,
ovaries were removed for histologic and biochemical
examination.

Biochemical Analysis

Before the experiments, tissues were homogenated
with liquid nitrogen in a mortar. These homogenates were
stored at -80°C until the biochemical investigation, in
which MPO, SOD and CAT enzyme activity and LPO levels
were measured in the homogenates of rat ovary tissues,
and 15 mg tissue from each group was weighed and
treated with 1.5 ml of an appropriate buffer. This mixture
was homogenized on ice in Eppendorf tubes with steel
balls using a QIAGEN TissuelLyser LT homogeniser for 15
min. Homogenates were filtered and centrifuged using a
refrigerated centrifuge at 4°C. Supernatants were used to
determine MPO, SOD and CAT enzyme activity and LPO
amount. All assays were carried out at room temperature.

- MPO Activity: MPO activity was determined according
to the modified method of Bradley et al.?”’. The homo-
genised tissues mixture (1.500 g) was centrifuged for 10
min at 4°C. MPO activity of ovarian tissues was determined
by adding 0.1 mL supernatant to 1.9 mL of 10 mmol/L
phosphate buffer (pH 6.0) and 1 mL of 1.5 mmol/L o-
dianisidine hydrochloride containing 0.0005% (wt/vol)
hydrogen peroxide. Absorbances of MPO activity were
measured on a UV-vis spectrophotometer at 460 nm. Ovarian
MPO activity was expressed as pmol/min/mg tissue.

- LPO Determination: LPO amounts were measured by
estimating LPO using the thiobarbituric acid test &, This
was done by weighing 15 mg tissue homogenized in 1.5
mL of 100 g/L KCl and adding it to a solution containing
0.2 mL of 80 g/L sodium lauryl sulfate, 1.5 mL of 200 g/L
acetic acid, 1.5 mL of 8 g/L 2-thiobarbiturate and 0.3 mL
of distilled water in test tubes. Homogenized tissue was
incubated at 98°C water for 1 h. After cooling, 5 mL of
n-Butanol: pyridine (15:1) was added to the tubes, which
were then vortexed for 1 min and centrifuged for 30
min at 1875 x g. Sample absorbances were determined
at 532 nm. The standard curve was achieved by using
1,1,3,3-tetramethoxypropane, and recovery was greater
than 95%. LPO levels were expressed as nanomol LPO per
gram of tissue (nmol/g tissue).

- SOD Activity: Measurement of SOD activity was
based on generation of superoxide radicals, which react
with nitro blue tetrazolium to form formazan dye, which
is produced by the xanthine and xanthine-oxidase
system @1, SOD activity of ovarian tissues was determined
by the degree of inhibition of this reaction at 560 nm.
SOD activity was expressed as millimoles per minute per
milligram (mmol/min/mg) of tissue.

- CAT Activity: The CAT catalysis decomposition of H,0,
was determined at 240 nm B% CAT activity was described
as the amount of catalase required to decompose 1
nanomole of H,0, per minute at 25°C and pH 7.8. CAT
activity of ovarian tissue was expressed as millimoles per
minute per milligram (mmol/min/mg) of tissue.

Histopathological Analyses

Ovarian tissues were fixed in 10% formaldehyde, de-
hydrated in a graded alcohol series, embedded in paraffin
wax and sectioned using a Leica RM2125RT microtome
(Leica Microsystems, Wetzlar, Germany). For histopatholo-
gical examination, 5 um thick sections of paraffin block
were obtained using a systematic randomized sampling
method. Sections were stained with H&E. All ovaries
were examined by light microscopy for histopathological
evaluation of the following parameters: H&E staining
for hemorrhage, vascular destruction, inflammatory cell
infiltrates, reversible cell degeneration, necrotic cell death
and apoptotic cell death.

Data Analyses

Statistical analysis was performed using one-
way ANOVA with Duncan post hoc test for multiple
comparisons. All data are expressed as mean * s.e, and are
considered significant at a p level of 0.05 or less as mean.
Calculations were performed using the IBM® SPSS software
package, version 19.00 (SPSS, Chicago, IL, USA).

RESULTS

Biochemical Results

Fig. 1 shows the MPO enzyme activity, a significant marker
of neutrophil infiltration, of the inflammatory enzyme
secreted by activated neutrophils and macrophages in
tissues for all treatments, I/R and control groups. Results
show that administration of osajin alone did not affect
ovarian MPO activity in the ovaries of sham-group rats
(P>0.05). IRVehicle gvarian tissues showed a significant
increase in MPO activity compared to the control group
(P<0.05). Osajin treatments decreased high I/R-induced
MPO activity (P<0.05).

As Fig. 2, 3, 4 and 5 show, for all treatments and groups,
LPO levels and activity of endogenous antioxidants,
including CAT and SOD, were measured to understand
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Fig 1. Effects of osajin treatments on MPO activity in /R injury
Sekil 1.1/R hasarinda MPO aktivitesi lizerine osajin tedavilerinin etkileri
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Fig 2. Effects of osajin treatments on LPO level changes in I/R injury

Sekil 2. I/R hasarinda LPO seviyesindeki degisimler Gzerine osajin
tedavilerinin etkileri
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Fig 3. Effects of osajin treatments on SOD activity changes in I/R injury
Sekil 3. I/R hasarinda SOD aktivitesi lizerine osajin tedavilerinin etkileri

oxidative damage and behaviours of antioxidant defense
mechanisms. Ovaries in the CN and CN%¥" groups had
LPO values at the physiological level, and there was no
statistical difference in values of LPO between them
(P>0.05). Ovarian LPO levels in the I/R group were
significantly higher than in the control group (P<0.05). As Fig.
2 shows, administration of osajin significantly diminished
LPO levels that had been increased in ovarian tissues by
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Fig 4. Effects of osajin treatments on CAT activity changes in I/R injury

Sekil 4. I/R hasarinda CAT aktivitesi lizerine osajin tedavilerinin etkileri

I/R, both at the 100 mg/kg dose (36.7%) and the 200
mg/kg dose (53.4%) (P<0.05).

Compared to the control group and all other treatment
groups, IR group ovarian CAT and SOD activities were
significantly higher (P<0.05). As Fig. 3 and Fig. 4 show,
ovarian SOD and CAT activities were decreased in a
dose-dependent manner in the RN gand [ROsain200
groups (P<0.05).

Histopathological Investigations

As Fig. 5 shows, histopathological examination of
ovaries in the CN and CNO%@in groups revealed that
ovarian follicles, the stroma in between them, the
tunica albuginea containing cortex and blood vessels
and the loose connective tissue, including medulla, all
appeared normal. As Fig. 6A and 6B show, ovarian tissues
in the IR¥h<e group showed reversible degenerative
changes, including hypertrophy, especially accompanied
with prominent vacuolization in follicular cells; necrotic
tissue, generally in stromal and endothelial cells; apoptotic
death, especially in follicular and luteal cells; destruction
of venous blood vessels and capillaries by severe
hemorrhage; and dense infiltrating polymorphonuclear
leukocytes in the parenchyma and stroma. As Fig. 6C
shows, ovarian tissues in the IR%%"'% group demonstrated
significantly preserved vascular integrity and haemorrhagic
areas in the stroma and the corpus luteums, and peripheries
of the ovarian follicles were reduced significantly compared
to I/R groups. As Fig. 6D shows, in this group, apoptotic
cell death accompanied by neutrophil infiltration was
observed only in the luteal cells, not in stromal and
follicular cells. I/R-induced necrotic cell death and reversible
cell damage were reduced significantly in the stromal
and parenchymal cells, respectively. As Fig. 6E shows,
some cortex areas in the IR%a"2° group showed small
hemorrhagic areas, but in general vascular structures
close to the CN In this group, I/R-caused apoptotic
cell death was not observed. In ovarian tissues in
the IR%@in200 group, infiltration of polymorphonuclear
leukocytes and hypertrophic cell degeneration were
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Fig 5. Histologic micrographs of
ovaries of the CN (A, B) and CNOsain
(C, D) groups. (A, C) Ovarian cortex
and medulla, and (B, D) ovarian
growing follicle and stroma on its
periphery with normal appearance
of ovaries in the CN and CNOsin
groups

Sekil 5. CN (A, B) ve CN%an (C, D)
gruplarindaoverlerin histolojik mik-
rograflari. CN ve CN°=in gruplarinda
ovaryum korteks ve medullasi (A,
C) ve buytyen over folikiller ve
onun etrafindaki stromasi (B, D) ile
normal gérinimlu overler

Fig 6. Light micrographs of ovaries in the IR'"<e (A, B),
IRO2in1% (C, D) and IR%n2% (E F) groups. (A, C, E) Ovarian
follicles (Of), Corpus luteum (Cl) and hemorrhagic cortex
areas (white arrow) in various levels in ovaries in the IRVehide,
IROs2in1%0 and |RO:2in20 groups, (D) Apoptotic cell death (white- o R » > : _.
circled area) in ovarian follicle and its periphery with PMN : -i-l PR ) e 50 pm
infiltration (black-circled area) in ovaries in the IRV group, —_— : '

(E) Apoptotic cell death (black arrow) and PMN infiltration - & = “-“{, D
(white arrow) in corpus luteum in ovaries in the |ROsin1o \ ; z e o
group, (F) Granulosa (Glc) or follicular cells within ovarian : B 4 e 4 s
follicle and tunica albuginea (Ta) with normal appearance in ' = 2 |

ovaries in the IR%¥"2% group

Sekil 6. IRVehi<e (A, B), RO (C, D) ve IR%2n2% (E, F) gruplarinda
overlerin 151k mikrograflari. |RVehicle  |ROsain100 @ |ROsajin200
gruplarinda overlerin cesitli seviyelerdeki ovaryum folikulleri
(Of), Korpus luteum (Cl) ve hemorajik korteks alanlari (beyaz
ok), (D) IRV grubu ovaryum foliktltindeki apoptotik hiicre
olumu (beyaz dairesel alan) ve ovaryumda onu cevreleyen
PMN infiltrasyonu (siyah dairesel alan), (E) IR%M® grubu
ovaryumun korpus luteumlarinda apoptotik hiicre 6limu
(siyah ok) ve PMN infiltasyonu, (F) R%42% grubu ovaryumlarda
granuloza (Glc) veya folikil hiicreleri ile ovaryum folikili ve
tunika albugineanin (Ta) normal gérinimu

reduced significantly compared to the IRY"<® group. In DISCUSSION
addition, most parenchymal and stromal components
were similar to those in the CN group, as Fig. 6E and Ischemia is described as failure to achieve the oxygen

6F show. and other supplements required for tissue and the lack of
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removal of cellular waste by blood circulation. For tissues
to use oxygen effectively in situations of hypoxia, the
cells make a series of transcriptional and enzyme
modifications to ensure a number of factors, such
as oxygen-independent ATP production, new vessel
formation and ATP catabolism B". Transcriptionally,
inhibition of prolyl hydroxylase (PHD) uses oxygen
as a cofactor in hypoxia, and this inhibition induces
increased hypoxia-inducible factor 1 to play a role
in synthesis of the factors responsible for glycolysis
enzymes of ATP synthesis in an oxygen-independent
manner and neovascularization 5234,

In addition, continued use of ATP and reduction in
its production due to the growing influence of hypoxia
causes a process for meeting energy needs by converting
ATP to the purine metabolites xanthine and hypo-
xanthine B5%7, In normal tissues, hypoxanthine is converted
into uric acid. In ischemic tissue, hypoxanthine is not
further metabolized and accumulates during hypoxia B8,
At the same time, in ischemia, a large portion of xanthine
dehydrogenase turns into xanthine oxidase 5%, Xanthine
oxidase induces oxidation of hypoxanthine to xanthine
and can further trigger conversion from xanthine to uric
acid with the onset of reperfusion “%. During this period,
due to increased enzyme activity of the xanthine oxidase,
there is an increase in superoxide free radicals “". If these
increased free radicals in the tissue are not diminished
by the major endogenous antioxidants, excess amounts
cause oxidative degradation of macromolecules by reacting
with all cellular macromolecules. This growing rate
of oxidative degradation of macromolecules plays an
important role in cellular degeneration and death in I/R.
Lipids are important cellular components that suffer from
oxidative degradation, and the main end product of this
degradation, malondialdehyde, is widely used to determine
lipid peroxidation and oxidative tissue damage 4244,
That is why the present study investigated LPO levels as
an indicator of oxidative tissue damage, finding that I/R
significantly increased LPO levels. First, at the beginning of
I/R, this increase may be associated with increased activity of
xanthine oxidase-induced elevated ROS. Cellular damage
and the damage-associated molecular pattern molecules
(DAMPs) induced by high ROS levels can initiate an immune
response in the sterile inflammatory response, and then
histamine release by activated mast cells, chemokines
and proinflammatory cytokines released by stimulated
macrophages trigger neutrophil migration into tissue “548.,
In later stages of I/R, both oxidative burst response and
inflammatory products, along with increased neutrophil
migration, play roles in oxidative tissue damage “**% In the
present study, biochemical and histopathological findings
show increased MPO activity and neutrophil infiltrations in
ovarian tissues of the I/R group, showing that neutrophils
engage in the pathophysiologic process of I/R injury.
Second, findings show that, in addition to xanthine
oxidase-mediated ROS production, elevated LPO levels

in the I/R group may be associated with ROS production
induced by increased neutrophil activity.

Cells protect themselves from oxidative stress by
increasing activity of endogenous antioxidants in response
to increasing ROS levels B, The present study determined
that this was responsible for the increased activity in
the major endogenous antioxidant enzymes SOD and
CAT. The first step of the antioxidant team, involving both
SOD and CAT enzymes, eliminated damage caused
by superoxide radicals and derivatives. This provides
information about levels of their substrates and indicates
how the defense mechanism acts ®2. In light of this
information, even though there is increased antioxidant
enzyme activity, high LPO levels in the tissues can be related
to sufficient conversion of superoxide to H,0, by SOD or to
inadequate H,0, degradation via CAT. Many studies have
shown that oxidative stress and excessive inflammatory
products, depending on their densities in I/R injuries,
cause either reversible cell damage or irreversible, lethal,
cell damage, such as apoptosis and necrosis 534,

In histopathological examination of ovarian tissue, the
present study observed reversible cell damage in both
stromal and parenchymal cells. In addition, apoptotic and
necrotic cell death were observed mainly in the stromal
and parenchymal cells. In addition, the study observed
dense neutrophil migration accompanied by hemorrhage.
In addition to the biochemical data, these findings suggest
oxidative stress and inflammatory response at these levels
can lead to irreversible cell death.

Administration of 100 and 200 mg/kg doses of osajin
diminished I/R-induced increases in ovarian LPO levels
by 36.7% and 53.4%, respectively. Likewise, both SOD
and CAT levels decreased dose-dependently. Increased
activity of any enzyme could be linked to enhanced
substrate production during metabolic processes '3l
Decreased antioxidant enzyme activities in the treatment
groups could be explained by reduced ROS or substrate
levels. Two previous studies of renal and myocardial I/R
injuries found that SOD activity in tissues increased with
60 min reperfusion 22, These findings suggest that there
may be a decrease in ovarian LPO levels over time, given
the elevated SOD activities at the beginning of the 3-h
reperfusion in the present study, which may decrease the
SOD activity according to the substrate reduction level
at 3 h. Interestingly, Diopan et al.?® found that, although
the antioxidant capacity of osajin was less, osajin strongly
decreased oxidative damage in DNA exposed to oxygen
radicals independent of antioxidant capacity. This effect
shows that, in I/R injury, osajin may decrease LPO levels
through pathways other than SOD and CAT activity. We have
found no information in the literature about metabolites
of osajin and its in-vivo metabolism. In addition, high
LPO levels may be decreased by the potentially powerful
antioxidant effects of osajin metabolites that may occur in
organs such as the liver and kidneys. In addition to the
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antioxidant effects of osajin, the present study shows
anti-inflammatory effects caused by lower MPO levels and
neutrophil infiltration in tissues due to osajin treatment
of ovarian I/R injury. Hosek et al.” showed that inhibition of
IkB-alpha degradation mediates anti-inflammatory effects
of osajin in macrophage cell cultures. NF-kB (p65) is an
essential transcription factor responsible for expression
of many proinflammatory cytokines, such as TNF-a, IL-1b,
IL-6 and IL-8, in macrophages ®°. IkBa inhibits NF-kB from
cytoplasm to the cell nucleus via nuclear transport by
binding nuclear localization signals of NF-kB. If there is any
increase |kB-alpha degradation that is stimulant induced,
NF-kB is released to move from the cytoplasm to the
nucleus and begins expression of proinflammatory cyto-
kines by binding to DNA as a transcription factor 5657,
This indicates that the mitigating effects of osajin on
neutrophil activities and infiltration found by the present
study may be related to degradation-induced lessened
release of proinflammatory cytokines from macrophages
via its inhibitory effect on IkB alpha. This anti-inflammatory
effect may contribute to decreased LPO levels caused by
neutrophil-derived ROS. In histopathological examination
of ovarian tissues in the IR%iN% and [R%420 groups, density
of hemorrhagic areas, infiltration of polymorphonuclear
leukocytes and reversible (vacuolated hypertrophic) and
irreversible (apoptotic and necrotic) cell damage all were
reduced compared to the I/R group in proportion to the
osajin dose. In particular, ovarian tissues in the IR°%"® group
generally showed parenchymal and stromal components
similar to those in the CN group. Histopathological results
of the present study demonstrated that osajin treatment
dose-dependently promoted recovery from I/R tissue
damage in torsion-detorsion models in rats.

Finally, on the basis of biochemical and histopatholo-
gical findings observed for the first time in the present
study, it can be said that early administration of osajin
ameliorates the severity of ovarian-tissue damage induced
by I/R. Therefore, osajin has been shown to be useful in
preventing permanent ovarian damage caused by torsion-
detorsion in women.
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