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Abstract
The objective of this study is to assess the protective effect of chrysin (CH) against ovarian torsion-detorsion injury. Thirty-two female albino rats
were divided into 4 groups as Control, Torsion/Detorsion (T/D), TD-CH, and CH. Ovarian torsion was done for 3 hours on TD and TD-CH groups
and then detorsion was performed. 50 mg/kg of CH was administered to the TD-CH group via oral gavage half an hour before the detorsion.
Subsequently, 50 mg/kg of CH was administered via oral gavage to TD-CH and CH groups for 14 days. At the end of the experiment, blood
samples were collected and ovarian tissue were taken. SOD and GPx activities and GSH and 8-OHdG levels were studied in serum and ovarian
tissue. Also, IL-18, KIM-1, NGAL, Cys-C levels were studied in serum samples. GSH levels and GPx, SOD activities in both serum and ovarian tissue
were significantly lower in TD group compared to the control and TD-CH groups (P<0.05), whereas the 8-OHdG level was significantly higher
(P<0.05). Treatment with CH resulted in a decrease in 8-OHdG level and an increase in GSH level, GPx and SOD activities in both serum and
ovarian tissue in the TD-CH group compared to TD group (P<0.05). Chrysin could ameliorate ovarian injury. Essentially, this outcome is thanks to
the antioxidant, anti-inflammatory, and antiapoptotic effects of chrysin. Furthermore, it also has significant effects on DNA oxidative damage.
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Ovaryum Torsiyonu Uygulanmış Ratlarda Chrisinin Koruyucu Etkisi
Öz
Bu çalışmadaki amacımız ovaryum torsiyon detorsiyon hasarına karşı chrysinin (CH) koruyucu etkisini değerlendirmektir. Otuz iki adet dişi wistar
albino rat 4 gruba ayrıldı. Grup 1. Kontrol grubu, grup 2: TD grubu; grup 3: TD-CH grubu; grup 4: CH grubu. TD ve TD- CH gruplarına 3 saat torsiyon
uygulandı ve 3 saatin sonunda detorsiyon yapıldı. TD-CH grubuna detorsiyondan yarım saat önce 50 mg/kg CH oral gavaj ile verildi. Daha sonra
TD-CH ve CH gruplarına 14 gün boyunca 50 mg/kg CH oral gavaj ile verildi. Deneme sonunda ratlar sakrifiye edilerek kan örnekleri ve ovaryum
dokusu alındı. Serum ve ovaryum dokusunda SOD ve GPx aktiviteleri, GSH ve 8-OHdG seviyeleri, serum örneklerinde ise 8-OHdG, IL-18, KIM-1,
NGAL, Cys-C seviyeleri çalışıldı. TD grubunda hem serum hem de ovaryum dokusunda, GSH seviyeleri, GPx ve SOD aktiviteleri kontrol ve TD-CH
gruplarından anlamlı olarak düşükken (P<0.05), 8-OHdG seviyesi anlamlı olarak yüksekti (P<0.05). TD-CH grubunda, CH uygulaması TD grubu ile
karşılaştırıldığında hem serum hem de ovaryum dokusunda 8-OHdG seviyesini anlamlı olarak düşürürken, GSH seviyesi, GPx ve SOD aktivitelerini
anlamlı olarak arttırmıştır (P<0.05). Chrysin ovaryum hasarını düzeltebilir. Bu sonuç esas olarak chrysinin antioksidant, antiinflammatuvar ve
antiapoptotik etkilerinden kaynaklanmaktadır. Dahası DNA hasarı üzerinde de önemli etkileri vardır.

Anahtar sözcükler: Ovaryum torsiyon, Chrysin, 8-OHdG, Antioksidant

introduction
Ovarian torsion, which is defined as the twisting of the
ovary and vascular stem around the axis of the suspensory

ligament, accounts for 3% of all gynecological emergencies [1].
Albeit ovarian torsion occurs in all women and primarily in
women of reproductive age [2]. Depending on the degree
of torsion, venous return to the ovarian tissue decreases, and
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subsequently, stromal edema and internal bleeding occur.
If arterial blood flow stops, ischemic and necrotic processes
begin in the tissue. Early diagnosis and management is
indispensable to preserve ovarian function [3]. Due to nonspecific symptoms such as vomiting, nausea, and pelvic
pain, a delay is experienced in diagnosis almost always.
Diagnostic difficulty in ovarian torsion leads to loss of
ovarian tissue and function [4]. Ovarian torsion/detorsion
(T/D) or ischemia/reperfusion (I/R) is a pathophysiological
incident in which histological damage, which is associated
with decreased perfusion following the lack of oxygen in
the ovarian, occurs [5].
It releases reperfusion in the tissue following ischemia,
and subsequent reactive oxygen species [4]. As a result of
the reperfusion process, an excessive amount of molecular
oxygen supplementation occurs in the ovary tissue. These
reactive oxygen species (ROS) attack the cell membrane
through the peroxidation of polyunsaturated fatty acids
and lead to cellular damage [6].
Thus, oxidation has devastating effects on the ovarian
tissue [5]. In healthy state, the ROS level is kept under control
by antioxidants such as glutathione (GSH), glutathione
peroxidase (GPx), and superoxide dismutase (SOD). However,
in the event of oxidative stress, uncontrolled production of
ROS damages biomolecules such as proteins, DNA, RNA
and lipids, and cellular structure [7]. It has been revealed
that I/R causes DNA strand breaks, oxidative DNA damage,
and mutations [8]. 8-hydroxy-2‘ deoxyguanosine (8-OHdG)
is a marker used to assess oxidative DNA damage and is
a risk factor for various diseases [9].
Several antioxidants have been found to be effective
in preventing oxidative damage and inflammation in
ovarian tissue, which is exposed to I/R injury [10]. Chrysin is
a natural flavonoid, found in honey, propolis, and various
plant extracts. Antioxidant, anti-inflammatory, and antidiabetogenic effects of chrysin have been reported in
numerous studies [11,12]. It has been also revealed that it has
protective effects in testicular/IR injury [13].
Kidney injury molecule-1 (KIM-1), cystatin C (Cys-C), and
Neutrophil gelatinase-associated lipocalin (NGAL) have
emerged as a sensitive marker in the early diagnosis of
glomerular damage [14]. KIM-1 is a type 1 transmembrane
glycoprotein and is significantly upregulated from proximal
tubular cells following renal stress such as ischemia or
nephrotoxicity [15]. Neutrophil gelatinase-associated lipocalin
(NGAL) is a stress protein released from damaged tubular
cells following various damaging stimuli, and it is known as
one of the promising biomarkers of acute kidney injury [16].
Cys-C is eliminated only by the kidneys, and early-stage
renal lesions might lead to a change in serum Cyc-C level [14].
Interleukin-18 (IL-18) is the proinflammatory cytokine of
the IL-1 superfamily and mediates the proinflammatory
response and ischemic proximal tubular damage [17]. Chrysin
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alleviates renal impairment and morphological anomalies
caused by ischemic reperfusion injury. Chrysin suppresses
tubular apoptosis and inflammation in renal I/R injury [18].
Thus, to reveal these effects, we aimed in this study to
investigate the effects of CH on oxidant and oxidant enzymes,
in the event of ovarian T/D.

Material and Methods
Ethical Statement
This study was approved by the Van Yuzuncu Yil University
Animal Experiments Local Ethics Committee (YUHAD-YEK,
Date: 17/06.2020; Decision number: 2020/06-15).
Animal and Experimental Design
Thirty-two non-pregnant female Wistar albino rats, aged
between 8 to 10 weeks, weighing between 150 and 200 g
were used in the study. Animals were kept in polypropylene
cages at 21°C with a 12-h light and 12-h dark cycle. Food
and water were provided to the animals via ad libitum
intake.
Rats were divided into 4 groups, with 8 rats in each group.
Control group (C group): No treatment was performed on
the rats in this group.
Torsion/Detorsion (TD) group: Torsion was performed on
ovaries of the rats in this group for 3 h, and subsequently,
detorsion was performed.
Torsion/Detorsion-Chrysin (TD-CH) group: Torsion was
performed on ovaries of the rats in this group for 3 h,
and then 50 mg/kg of Chrysin was administered via oral
gavage for 14 days [2].
Chrysin (CH) group: 50 mg/kg of Chrysin was administered
to this group via oral gavage for 14 days [2].
The rats were sacrificed following the 14-day study.
Surgical Procedure
All surgical interventions were performed in a sterile
setting and under appropriate laboratory conditions.
Ketamine HCl (50 mg/kg) and xylazine HCl (10 mg/kg) were
administered intraperitoneal for anesthesia. The abdomen
was entered through a 2 cm longitudinal incision in the
lower abdominal region of the rats. The vascular clip was
applied approximately 1 cm above and below the left ovary,
and reperfusion was achieved via relaparotomy 3 h later [19].
Half an hour before reperfusion, 50 mg/kg of chrysin was
administered via oral gavage, and they were kept at 4°C for
15 min to coagulate. Subsequently, they were centrifuged
at 3000 RPM for 15 min. Serums were stored at -20°C until
the study day. The ovary was removed meticulously and
stored at -20°C for biochemical assessment.
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Collection of Samples
At the end of the study, in order to assess biochemical and
pathological parameters, blood and ovary samples were
taken 24 h after the administration of the last dose. Blood
samples were taken into tubes without anticoagulant by
cardiac route.
Biochemical Analysis
Following the surgical procedure, ovary tissue was removed
and used for biochemical analysis. For biochemical analysis,
ovary tissue was homogenized. The obtained supernatant
and serum were stored at -20°C until they were studied.
Ovary tissue SOD (Catalog No: SG-20188; Sinogeneclon
Co., Hangzhou, China), GPx (Catalog No: SG-20976;
Sinogeneclon Co., Hangzhou, China) , 8-OHdG (Catalog
No: YLA0061RA, YL Biotech Co. Ltd. Shamghai, China) and
GSH (Catalog No: SG-20391; Sinogeneclon Co., Hangzhou,
China), serum IL-18 (Catalog No: SG-20281, Sinogeneclon
Co., Hangzhou, China), 8-OhdG (Catalog No: YLA0061RA,
YL Biotech Co. Ltd. Shamghai, China), GSH (Catalog No:
SG-20391; Sinogeneclon Co., Hangzhou, China), GPx
(Catalog No: SG-20976; Sinogeneclon Co., Hangzhou,
China), SOD (Catalog No: SG 20188; Sinogeneclon
Co., Hangzhou, China), KIM-1 (Catalog No: SG 20751;
Sinogeneclon Co., Hangzhou, China), NGAL (Catalog No:
SG-20801; Sinogeneclon Co., Hangzhou, China), Cys-c
(Catalog No: SG-20197; Sinogeneclon Co., Hangzhou,
China) levels were measured using ELISA kits via following
the instructions of the manufacturer.
Histopathological Examination
Necropsy of rats was performed at the end of the trial.
Ovarian tissue samples were taken and fixed in 10%
buffered formaldehyde solution. The routine follow-ups
of the tissues were performed. They were embedded
in paraffin blocks and 4 μm sections were taken with a
microtome. The sections were stained with hematoxylineosin (H&E), examined under a light microscope (Nikon
80i-DS-RI2), and photographed.
Statistical Analysis
The software of SPSS 20.0 (SPSS for Windows Chicago, IL,
USA) was used for statistical analysis. All data was presented

as mean and standard deviation. The Kolmogorov-Smirnov
test was used to determine whether the data were
normally distributed or not. One-way ANOVA was used
for comparison of biochemical parameters between
groups, and different groups were compared with post
hoc Tukey’s test. The results were considered statistically
significant at P<0.05.

Results
Ovarian tissue SOD and GPX activities and GSH and 8-OHdG
levels are presented in Table 1. It was determined that in TD
Group, whereas ovarian tissue GPx and SOD activity and
GSH levels were significantly lower compared to TD-CH
and the control group, the 8-OHdG level was significantly
higher (P<0.05). Whereas the TD-CH group ovarian tissue
GSH and 8-OHdG levels were significantly higher than the
control group, SOD activity was found to be lower (P<0.05).
The ovarian tissue GPx activity was similar in the control
group and TD-CH groups (P>0.05).
It was found out that serum 8-OHdG and IL-18 levels of TD
group were significantly higher compared to the control,
TD-CH, and CH groups (P<0.05) (Table 2). Serum GSH level,
GPx, and SOD activities were significantly lower in TD group
compared to TD-CH, control, and CH groups (P<0.05).
Serum KIM-1 level was determined to be significantly
lower in CH group compared to the other groups (P<0.05).
It was found out that serum NGAL level was significantly
higher in TD group compared to C, TD-CH, and CH groups
(P<0.05). It was determined that serum CYC-C level was
significantly higher in TD and TD-CH groups compared to
C and CH groups (P<0.05).
As a result of the examinations, a normal histological
appearance was observed in the ovary tissues of the
control group (Fig. 1-A,B). However, venous congestion
and interstitial edema in the cortex of the ovary, capillary
hyperemia in the secondary follicle, degenerative-necrotic
changes in the luteal cells in the corpus luteum, and
accumulation of hemosiderin pigment were detected in
TD group (Fig. 1-C,D,E). Besides, a lesser venous congestion,
degenerative and necrotic cells in the corpus luteum, and
accumulation of hemosiderin pigment in macrophages
were detected in ovarian tissues in D-CH group compared

Table 1. Ovary tissue SOD, GPx, activities and GSH and 8-OhdG levels
Parameters

Grops
Control

TD

8-OHdG (ng/mL)

2.01±0.02

GPx (IU/mL)

27.28±1.4a

SOD (ng/mL)

204.54±12.3

GSH (ng/mL)

123.03±4.9b

TD-CH

2.5±0.07

c

a

CH

2.31±0.05

a

1.73±0.9d

b

24.83±1.1b

28.39±0.8a

c

27.17±0.1a

150.54±6.5

179.11±10.7

168.8±7.2b

100.11±3.2c

148.83±4.8a

128.04±8.5b

b

Values within a row with different superscripts differ significantly at P<0.05; TD: Torsion/Detorsion; TD-CH: Torsion/Detorsion-Chrysin; CH:
Chrysin; GPx: Glutathione peroxidase; SOD: superoxide dismutase:. GSH: Glutathione
a,b,c,d
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Table 2. Serum biochemical parameters of the groups
Parameters

Grops
Control

TD

TD-CH

CH

8-OHdG (ng/mL)

1.63±0.1d

2.09±0.07a

1.87±0.06b

1.77±0.06c

GPx (IU/mL)

29.25±1.4a

18.93±1.2d

21.52±0.8c

22.92±0.1b

SOD (ng/mL)

252.43±9.0a

226.31±5.9b

251.74±5.7a

242.33±6.4b

GSH (ng/mL)

125.49±5.0

95.16±4.7

135.87±8.3

119.10±4.1b

IL-18 (pg/mL)

121.31±7.1b

141.35±7.2a

108.35±3.8b,c

99.26±29.0c

KIM-1 (pg/mL)

87.36±3.0a

87.65±2.5a

88.53±3.6a

86.20±5.22b

NGAL (ng/mL)

1.43±0.07

1.32±0.05

a

1.52±0.05

1.51±0.07a

CYS-C (ng/mL)

16.15±1.1b

18.87±0.4a

18.85±0.4a

13.95±0.6c

b

b

c

c

a

Values within a row with different superscripts differ significantly at P<0.05; TD: Torsion/Detorsion; DT-CH: Torsion/Detorsion-Chrysin; CH: Chrysin;
GPx: Glutathione peroxidase; GSH: Glutathione; SOD: superoxide dismutase; IL-18: interleukin-18; KIM-1: Kidney İnjure molecule; NGAL: Neutrophile
gelatinase-associated lipocalin; CYC-C: Cystatin-C.

a,b,c,d

Fig 1. Histopathological assessment of the rat ovaries among
the groups. Control group (Group I): (A) Secondary follicle
(†), corpus luteum (*) and cumulus oophorus cells (→); (B)
Primary oocyte (*), granulated cells (★), theca interna (➤),
and theca externa (’) in the ovary with histopathologically
normal appearance. TD group (Group II): (C) Venous
congestion (†) and interstitial edema (★) in the cortex of the
ovary. Capillary hyperemia in the theca interna and externa
in the secondary follicle (→), (D) Degenerative and necrotic
changes in the luteal cells in the corpus luteum (→), (E)
Accumulation of hemosiderin pigment in macrophages in
the corpus luteum (→). TD-CH group (Group III): (F) Less
venous congestion (→) is seen compared to Group II, (G)
Lesser degenerative and necrotic cells (→) and hemosiderin
pigment accumulation in macrophages (†) are seen in the
corpus luteum compared to Group II. CH group (Group
IV): (H) Normal histological appearance of the follicle and
corpus luteum is seen in the ovary; H&E
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to TD group (Fig. 1-F,G). The normal histological appearance
of the ovaries was observed in CH group similar to the
control group (Fig. 1-H). As a result of all findings, it was
concluded that the pathological findings significantly
decreased in the ovaries of the rats which were administered
with Chrysin by oral route following the torsion-detorsion
procedure.

Discussion
Ischemia-reperfusion injury is explained by the hypothesis
that the accumulation of neutrophils and platelets occurs
around the inflammation site due to activated complement
and other inflammatory components. This accumulation
of inflammatory cells increases the production of reactive
oxygen species. Moreover, glycolysis, increased lactic acid
concentration, and accumulation of intracellular Ca lower
the intracellular pH and ends up with acidosis. This results
in an increase in the intracytoplasmic lysosomal enzymes,
which leads to injury in protein and cell membranes [4].
Antioxidant and oxidant balance is disturbed in the
event of ischemia-reperfusion injury. Hence, it has been
suggested that it might be beneficial to use antioxidant
pharmacological agents during or before reperfusion to
prevent I/R injury [20].
Ovarian detorsion without ovariectomy may preserve
ovarian function, yet prophylactic measures against
subsequent I/R injury are required. Thus, animal models
have focused on antioxidant and anti-inflammatory
pharmacological agents for protecting the ovary in the
event of I/R injury [2,21]. One of these agents is Chrysin (CH).
The antioxidative property of Chrysin has been attributed
to the inhibition of inducible nitric oxide synthase and
cyclooxygenase-2 expression, and the inhibition of
nuclear factor kappa B activity has been suggested to be
CH antioxidative and anti-inflammatory [22]. It has been
demonstrated that CH protects rat ovaries from I/R injury
through improving histopathological scores, increasing
antioxidative activity, and decreasing lipid peroxidation [2].
Glutathione is an abundant non-thiol protein that plays
a key role in the coordination of antioxidant defense
mechanisms. GSH acts as a substrate for several enzymes
containing glutathione peroxidase and can capture reactive
oxygen species directly. Decreased GSH level in tissue not
only deteriorates cellular defense but also ends up with
increased oxidative damage [23]. It has been revealed that
Chrysin could increase GSH concentration by upregulating
the gene transcription of glutamate-cysteine ligase (GCL),
which catalyzes the rate-limiting step in glutathione
synthesis, via ERK2/Nrf2 signaling [24]. In line with our
study, Oral et al.[25] demonstrated in their study that the
GSH level of the ovary tissue decreased significantly in
torsion group compared with the control groups. It has
been revealed that the decrease in GSH level following
detorsion in rats with ovarian torsion might be stemming
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from the consumption during oxidative stress [26]. In the
current study, while GSH level of ovarian tissue in TD group
was determined to be significantly lower compared to the
control group, CH administration caused an increase in
GSH level.
The increase in GSH level and increase in SOD, CAT, and GPx
activities indicate tissue healing after oxidative damage [27].
It has been revealed that 75 mg/kg/day CH administration
protects against focal cerebral I/R injury effectively; also,
SOD, GPx activities, and GSH levels significantly increased
in the treatment group upon the administration of CH
following the I/R injury [28]. It has been revealed that
compared to I/R group a significant increase was detected
in SOD activity in I/R-CH group, which were administered
with a single dose of 50 mg/kg CH [2].
The antioxidant property of GSH has been attributed to
its ability to increase antioxidant enzyme activities as
well as its powerful feature of free radical capture [23,29]. In
the current study, while GSH level of ovarian tissue in TD
group was found to be significantly lower compared to
the control group, CH administration caused an increase
in GSH level.
Enzymatic antioxidants play a crucial role in protecting
cells from oxidative damage [30]. SOD is the most significant
enzyme that catalyzes superoxide radicals (O2.-) into
molecular oxygen (O2) and hydrogen peroxide (H2O2). GPX
is an enzyme that catalyzes H2O2 and lipid peroxides into
water [30]. It has been shown in the ovarian torsion studies
that SOD and GPX activities decreased in serum [5,31] and
ovarian tissue [31]. In the current study, GPx and SOD
activities in ovarian tissue and serum were determined
to be significantly lower in TD group compared to C, CH,
and TD-CH groups. CH administration caused decreasing
SOD and GPx activities to increase. This mechanism of
action is considered to stem from the hydroxyl groups in
the 5th and 7th positions of the CH molecule, which directly
eliminates free radicals [32]. It has also been determined that
CH inhibits oxidative stress indirectly through regulating
antioxidant enzyme activities [33]. It has been revealed in
various studies that CH medication protects tissues against
oxidative stress and induces an increase in antioxidant
enzyme activities [13,34].
Reactive oxygen species cause deformation of DNAprotein bonds and changes in bases [35]. Biologically, I/R
has been found to induce DNA strand breaks, oxidative
DNA damage, and mutations [36,37]. 8-OHdG is one of
the most stable DNA bases and is a well-established
biomarker of oxidative damage in DNA [35]. 8-OHdG has
been shown to be immunoreactive in ovarian I/R injury [8].
It has been revealed that ovarian tissue concentration of
8-OHdG significantly reduced in rats treated with 3-h torsion
and 24-h detorsion compared to the control group [35].
Eken et al.[38] revealed in their study that ovary 8-OHdG
concentration increased significantly in T/D group compared
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to the control group. In the current study, serum and ovarian
tissue 8-OHdG levels were determined to be significantly
higher in TD group compared to TD-CH and CH groups. CH
treatment significantly decreased both serum and ovarian
8-OHdG levels. CH antioxidant activity might reduce tissue
damage, leading to a decrease in 8-OHdG level.
IL-18 is a pro-inflammatory cytokine and is also known
as the interferon-gamma inducing factor. IL-18 is crucial
in supporting host defense [39]. IL-18 is involved in the
pathophysiology of various inflammatory diseases including
I/R injury, transplant rejection, and autoimmune diseases [40].
It has been revealed that IL-18 whose expression is
stimulated in cardiomyocytes by ROS could play a crucial
role in myocardial I/R injury [41]. Administration of IL-18
binding proteins to human myocardiocytes improves
cardiac function [42]. and has been shown to play a role
in the cardiac inflammatory response to I/R injury in
mice [40]. It was found out that IL-18 knockout mice with
simulated kidney I/R injury were highly protected against
I/R injury, and tubular damage was reduced [43]. CH displays
various biological effects on the immune system. CH
suppresses the inflammatory response and displays an antiinflammatory response [44]. Pro-inflammatory cytokines
are modulators of host responses in trauma and immune
response; hence, the anti-inflammatory response serves to
reduce inflammation and promote healing while acting to
exacerbate the disease [44]. CH with a double bond at C2-3
and a hydrogen group at R3 could inhibit pro-inflammatory
cytokines [45]. In the current study, serum IL-18 level was
found to be significantly higher in TD group compared to
TD-CH, CH, and control groups. CH administration caused
serum IL-18 level to decrease. The decrease in serum IL18 level upon the CH administration might be due to the
inhibition of CH proinflammatory cytokines.
Neutrophil Gelatinase-Associated Lipocalin (NGAL) induces
epithelial protection and epithelial development following
ischemia [46]. It has been demonstrated that NGAL expression
increases following renal ischemia [47]. NGAL is commonly
found in numerous biological fluids and various cell types
in humans. It serves to protect against bacterial infections
in normal tissue and to modulate the oxidative system [48].
Kidney Injury Molecule-1 (KIM-1) has been suggested to
play a significant role in removing damaged epithelial cells
and dead cells via phagocytosis [46]. It has been revealed that
ovarian tissue and serum NGAL levels in ovarian torsion
are higher in T/D group compared to the control group,
but this elevation is not significant [49]. It has been reported
that the concentrations of KIM-1 and NGAL in urine are
increased compared to the control group in the event of
kidney I/R injury [50]. In the current study, serum KIM-1 level
in TD group was akin to the control and TD-CH groups.
Serum NGAL level was determined to be significantly
higher in TD group compared to C, TD-CH, and CH groups.
Serum Cyc-C level was found to be significantly higher in
TD and TD-CH groups compared to C and CH groups. It
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has been revealed that NGAL uses the BCL2/BAX signaling
pathway in renal tubular epithelial cell apoptosis [51].
It has been demonstrated that NGAL is reduced in
apoptotic tubular cells, and this renoprotective effect is
thanks to the inhibition effect of caspase-3 activation [52].
Thus, the fact that the serum NGAL level in the presented
study was significantly lower in TD group compared to the
other groups may be due to ovarian torsion increasing
apoptosis in the kidney, and it can be stated that CH in TDCH group has a protective effect on the kidney, since the
serum NGAL level is significantly higher than TD group.
In TD group, venous congestion and interstitial edema in
the ovarium cortex, capillary hyperemia in the secondary
follicle, and degenerative necrotic cells in luteal cells in
the corpus luteum were detected when we evaluated the
histopathologic findings and compared them with the
control group. In the TD-CH group, lesser venous congestion,
lesser degenerative and necrotic cells in the corpus luteum
were detected in ovarium tissues compared to TD group.
Turkoz et al.[26] found that vascular congestion, hemorrhage,
and edema in the ovarium tissue increased in the torsion
detorsion group compared to the control group. When the
I/R process occurs, inflammatory cells cause an increase
in free oxygen radicals that lead to tissue damage by the
mechanism of inflammation [53]. Compression of ovarian
vessels due to stromal edema and ovarian enlargement
prevents lymphatic and venous outflow first and subsequently arterial inflow. Ovarian arterial pressure is then
blocked due to stromal pressure, resulting in infarction
and necrosis in addition to microscopic bleeding in the
ovarian tissue [21]. Consistent with our study, Hortu et al.[19]
revealed a higher incidence of histopathological scars such
as vascular congestion and hemorrhage and increased
cellular damage in the torsion group compared to the
control group. It has been demonstrated that Chrysin
improves histological changes such as vascular congestion,
hemorrhage, edema, and inflammatory cell infiltration in
ovarian tissue, which underwent ovarian torsion [2]. In the
current study, chrysin treatment significantly reduced the
pathological findings in the ovaries. Anti-inflammatory
and antioxidant properties of Chrysin could prevent the
effects of I/R injury
In conclusion, it is considered in this study that CH
administration could be effective in reducing ovarian
injury during the TD procedure. The antioxidant and antiinflammatory properties of CH could protect the ovary and
lower injury during torsion-detorsion. Furthermore, CH
has considerable effects on oxidative DNA damage.

Financial Support
None.

Conflict of Interest
The authors declared that there is no conflict of interest.

423
Research Article

Author Contributions
DD, AUK, UO, VK, YB, PK and OFK experimental Study, AUK
and UO laboratory study, OFK pathological examination,
AUK statistic, DD, AUK, UO, VK, YB, PK and OFK literature
search and article writing.

References
1. Huchon C, Fauconnier A: Adnexal torsion: A literature review.
Eur J Obstet Gynecol Reprod Biol, 150 (1): 8-12, 2010. DOI: 10.1016/j.
ejogrb.2010.02.006
2. Melekoglu R, Ciftci O, Eraslan S, Alan S, Basak N: The protective
effects of glycyrrhetinic acid and chrysin against ischemia-reperfusion
Injury in rat ovaries. Biomed Res Int, 2018:5421308, 2018. DOI: 10.1155/
2018/5421308
3. Harkins G: Ovarian torsion treated with untwisting: Second look 36
hours after untwisting. J Minim Invasive Gynecol, 14 (3): 270, 2007. DOI:
10.1016/j.jmig.2006.10.006
4. Karakaş S, Kaya C, Güraslan H, Sakiz D, Süzen Çaypinar S, Cengiz H,
Ekin M, Yaşar L: Effect of metformin and detorsion treatment on serum
anti-Müllerian hormonelevels and ovarian histopathology in a rat ovarian
torsion model. Turk J Med Sci, 50 (2): 455-463, 2020. DOI: 10.3906/sag1803-196
5. Soltani M, Moghimian M, Abtahi H, Shokoohi M: The protective
effect of Matricaria chamomilla extract on histological damage and
oxidative stress induced by Torsion/Detorsion in adult rat ovary. IJWHRS,
5 (3): 187-192, 2017. DOI: 10.15296/ijwhr.2017.34
6. Li C, Jackson RM: Reactive species mechanisms of cellular hypoxiareoxygenation injury. Am J Physiol Cell Physiol, 282 (2): C227-C241, 2002.
DOI: 10.1152/ajpcell.00112.2001
7. Ugurel V, Cicek AC, Cemek M, Demirtas S, Kocaman AT, Karaca T:
Antioxidant and antiapoptotic effects of erdosteine in a rat model of
ovarian ischemia-reperfusion injury. Iran J Basic Med Sci, 20 (1): 53-58,
2017. DOI: 10.22038/ijbms.2017.8093
8. Geyikoglu F, Koc K, Erol HS, Colak S, Ayer H, Jama S, Eser G,
Dortbudak MB, Saglam YS: The propolis and boric acid can be highly
suitable, alone/or as a combinatory approach on ovary ischemiareperfusion injury. Arch Gynecol Obstet, 300 (5): 1405-1412, 2019. DOI:
10.1007/s00404-019-05303-9
9. Varodi C, Pogacean F, Coros M, Rosu MC, Stefan-van Staden RI,
Gal E, Tudoran LB, Pruneanu S, Mirel S: Detection of 8-Hydroxy-2’Deoxyguanosine Biomarker with a Screen-Printed Electrode Modified
with Graphene. Sensors, 19:4297, 2019. DOI: 10.3390/s19194297
10. Prieto-Moure B, Lloris-Carsí JM, Barrios-Pitarque C, ToledoPereyra L-H, Lajara-Romance JM, Berda-Antolí M, Lloris-Cejalvo J,
Cejalvo-Lapeña D: Pharmacology of ischemia-reperfusion. translational
research considerations. J Invest Surg, 29 (4): 234-249, 2016. DOI: 10.3109/
08941939.2015.1119219
11. Khan R, Khan AQ, Qamar W, Lateef A, Tahir M, Rehman MU, Ali F,
Sultana S: Chrysin protects against cisplatin-induced colon. toxicity via
amelioration of oxidative stress and apoptosis: probable role of p38MAPK
and p53. Toxicol Appl Pharmacol, 258 (3): 315-329, 2012. DOI: 10.1016/j.
taap.2011.11.013
12. Belhan S, Özkaraca M, Özdek U, Kömüroğlu AU: Protective role of
chrysin on doxorubicin‐induced oxidative stress and DNA damage in rat
testes. Andrologia, 52 (9): e13747, 2020. DOI: 10.1111/and.13747

DİRİK, KÖMÜROĞLU, KOŞAL
BAŞBUĞAN, ÖZDEK, KOLUSARI, KELEŞ
15. Westhoff JH, Seibert FS, Waldherr S, Bauer F, Tönshoff B, Fichtner
A, Westhoff TH: Urinary calprotectin, kidney injury molecule-1, and
neutrophil gelatinase-associated lipocalin for the prediction of adverse
outcome in pediatric acute kidney injury. Eur J Pediatr, 176 (6): 745-755,
2017. DOI: 10.1007/s00431-017-2907-y
16. Bolignano D, Coppolino G, Lacquaniti A, Buemi M: From kidney
to cardiovascular diseases: NGAL as a biomarker beyond the confines of
nephrology. Eur J Clin Invest, 40 (3): 273-276, 2010. DOI: 10.1111/j.13652362.2010.02258.x
17. Liu Y, Guo W, Zhang J, Xu C, Yu S, Mao Z, Wu J, Ye C, Mei C, Dai
B: Urinary interleukin 18 for detection of acute kidney injury: A metaanalysis. Am J Kidney Dis, 62 (6): 1058-1067, 2013. DOI: 10.1053/j.ajkd.
2013.05.014
18. Xu M, Shi H, Liu D: Chrysin protects against renal ischemia reperfusion
induced tubular cell apoptosis and inflammation in mice. Exp Ther Med,
17 (3): 2256-2262, 2019. DOI: 10.3892/etm.2019.7189
19. Hortu I, Ilgen O, Sahin C, Akdemir A, Yigitturk G, Erbas O:
Losartan ameliorates ovarian ischaemia/reperfusion injury in rats: an
experimental study. J Obstet Gynaecol, 40 (8): 1148-1154, 2020. DOI:
10.1080/01443615.2019.1701639
20. Kılıç A, Uyanıkoğlu H, İncebıyık A: Protective effect of N-acetylcystein
and resveratrol on ischemia-reperfusion injury in rat ovary. Dicle Med J, 43
(2): 229-236, 2016.
21. Kurt RK, Dogan AC, Dogan M, Albayrak A, Kurt SN, Eren F, Okyay
AG, Karateke A, Duru M, Fadillioglu E: Protective effect of colchicine on
ovarian ischemia–reperfusion injury: an experimental study. Reprod Sci,
22 (5): 545-550, 2015. DOI: 10.1177/1933719114553065
22. Ha SK, Moon E, Kim SY: Chrysin suppresses LPS-stimulated
proinflammatory responses by blocking NF-κB and JNK activations in
microglia cells. Neurosci Lett, 485 (3): 143-147, 2010. DOI: 10.1016/j.neulet.
2010.08.064
23. Pushpavalli G, Kalaiarasi P, Veeramani C, Pugalendi KV: Effect of
chrysin on hepatoprotective and antioxidant status in D-galactosamineinduced hepatitis in rats. Eur J Pharmacol, 631 (1-3): 36-41, 2010. DOI:
10.1016/j.ejphar.2009.12.031
24. Huang CS, Lii CK, Lin AH, Yeh YW, Yao HT, Li CC, Wang TS, Chen
HW: Protection by chrysin, apigenin, and luteolin against oxidative stress
is mediated by the Nrf2-dependent up-regulation of heme oxygenase
1 and glutamate cysteine ligase in rat primary hepatocytes. Arch Toxicol,
87 (1): 167-178, 2013. DOI: 10.1007/s00204-012-0913-4
25. Oral A, Odabasoglu F, Halici Z, Keles ON, Unal B, Coskun AK, Kilic
C, Surer I, Salman AB: Protective effects of montelukast on ischemiareperfusion injury in rat ovaries subjected to torsion and detorsion:
biochemical and histopathologic evaluation. Fertil Steril, 95 (4): 13601366, 2011. DOI: 10.1016/j.fertnstert.2010.08.017
26. Turkoz Y, Celik O, Hascalik S, Cigremis Y, Hascalik M, Mizrak B,
Yologlu S: Melatonin reduces torsion-detorsion injury in rat ovary:
biochemical and histopathologic evaluation. J Pineal Res, 37 (2): 137-141,
2004. DOI: 10.1111/j.1600-079X.2004.00146.x
27. Carden DL, Granger DN: Pathophysiology of ischaemia–reperfusion
injury. J Pathol, 190 (3): 255-266, 2000. DOI: 10.1002/(SICI)1096-9896
(200002)190:3<255::AID-PATH526>3.0.CO;2-6
28. Yao Y, Chen L, Xiao J, Wang C, Jiang W, Zhang R, Hao J: Chrysin
protects against focal cerebral ischemia/reperfusion injury in mice
through attenuation of oxidative stress and inflammation. Int J Mol Sci, 15
(11): 20913-20926, 2014. DOI: 10.3390/ijms151120913
29. Pietta PG: Flavonoids as antioxidants. J Nat Prod, 63 (7): 1035-1042,
2000. DOI: 10.1021/np9904509

13. Belhan S, Yıldırım S, Karasu A, Kömüroğlu AU, Özdek U: Investigation
of the protective role of chrysin within the framework of oxidative and
inflammatory markers in experimental testicular ischaemia/reperfusion
injury in rats. Andrologia, 52 (9): e13714, 2020. DOI: 10.1111/and.13714

30. Kandemir FM, Kucukler S, Eldutar E, Caglayan C, Gülçin İ:
Chrysin protects rat kidney from paracetamol-induced oxidative stress,
Inflammation, apoptosis, and autophagy: a multi-biomarker approach.
Sci Pharm, 85:4, 2017. DOI: 10.3390/scipharm85010004

14. Lei L, Li LP, Zeng Z, Mu JX, Yang X, Zhou C, Wang ZL, Zhang H: Value
of urinary KIM-1 and NGAL combined with serum Cys C for predicting
acute kidney injury secondary to decompensated cirrhosis. Sci Rep, 8 (1):
7962, 2018. DOI: 10.1038/s41598-018-26226-6

31. Erdem AO, Ozkisacik S, Coskun OD, Dogan S, Culhaci N, Yazici M:
The long-term protective effect of hypothermia and gradual detorsion on
ovarian tissue in adnexal torsion/detorsion model in rats. J Pediatr Surg,
55 (8): 1639-1644, 2020. DOI: 10.1016/j.jpedsurg.2019.10.022

424

Chrysin Effect on Ovarian Torsion

32. Mantawy EM, El-Bakly WM, Esmat A, Badr AM, El-Demerdash E:
Chrysin alleviates acute doxorubicin cardiotoxicity in rats via suppression
of oxidative stress, inflammation and apoptosis. Eur J Pharmacol, 728,
107-118, 2014. DOI: 10.1016/j.ejphar.2014.01.065
33. Rehman MU, Tahir M, Khan AQ, Khan R, Lateef A, Oday OH,
Qamar W, Ali F, Sultana S: Chrysin suppresses renal carcinogenesis via
amelioration of hyperproliferation, oxidative stress and inflammation:
plausible role of NF-κB. Toxicol Lett, 216 (2-3): 146-158, 2013. DOI:
10.1016/j.toxlet.2012.11.013
34. Pushpavalli G, Veeramani C, Pugalendi KV: Influence of chrysin
on hepatic marker enzymes and lipid profile against D-galactosamineinduced hepatotoxicity rats. Food Chem Toxicol, 48 (6): 1654-1659, 2010.
DOI: 10.1016/j.fct.2010.03.040
35. Sahin Ersoy G, Eken M, Tal R, Oztekin D, Devranoglu B, Isik
Kaygusuz E, Cevik O: N-acetylcysteine leads to greater ovarian
protection than enoxaparin sodium in a rat ovarian torsion model. Reprod
Biomed Online, 33 (1): 93-101, 2016. DOI: 10.1016/j.rbmo.2016.03.009
36. Pressly JD, Park F: DNA repair in ischemic acute kidney injury.
Am J Physiol Renal Physiol, 312 (4): F551-F555, 2017. DOI: 10.1152/
ajprenal.00492.2016
37. Demiryilmaz I, Turan MI, Kisaoglu A, Gulapoglu M, Yilmaz I,
Suleyman H: Protective effect of nimesulide against hepatic ischemia/
reperfusion injury in rats: effects on oxidant/antioxidants, DNA mutation
and COX-1/COX-2 levels. Pharmacol Rep, 66 (4): 647-652, 2014. DOI:
10.1016/j.pharep.2014.02.015
38. Eken MK, Ersoy GS, Kaygusuz EI, Devranoğlu B, Takır M, Çilingir
Ö T, Çevik Ö: Etanercept protects ovarian reserve against ischemia/
reperfusion injury in a rat model. Arch Med Sci, 15 (4): 1104-1112, 2019.
DOI: 10.5114/aoms.2017.72406
39. Roy U: Insight into the structures of Interleukin-18 systems. Comput
Biol Chem, 88:107353, 2020. DOI: 10.1016/j.compbiolchem.2020.107353
40. Gu H, Xie M, Xu L, Zheng X, Yang Y, Lv X: The protective role of
interleukin‐18 binding protein in a murine model of cardiac ischemia/
reperfusion injury. Transpl Int, 28 (12): 1436-1444, 2015. DOI: 10.1111/
tri.12683
41. Venkatachalam K, Prabhu SD, Reddy VS, Boylston WH, Valente AJ,
Chandrasekar B: Neutralization of interleukin-18 ameliorates ischemia/
reperfusion-induced myocardial injury. J Biol Chem, 284 (12): 7853-7865,
2009. DOI: 10.1074/jbc.M808824200
42. Pomerantz BJ, Reznikov LL, Harken AH, Dinarello CA: Inhibition of
caspase 1 reduces human myocardial ischemic dysfunction via inhibition
of IL-18 and IL-1β. Proc Natl Acad Sci U S A, 98 (5): 2871-2876, 2001. DOI:
10.1073/pnas.041611398
43. Wu H, Craft ML, Wang P, Wyburn KR, Chen G, Ma J, Hambly B,

Research Article

Chadban SJ: IL-18 contributes to renal damage after ischemia-reperfusion.
J Am Soc Nephrol, 19 (12): 2331-2341, 2008. DOI: 10.1681/ASN.2008020170
44. Zeinali M, Rezaee SA, Hosseinzadeh H: An overview on
immunoregulatory and anti-inflammatory properties of chrysin and
flavonoids substances. Biomed Pharmacother, 92, 998-1009, 2017. DOI:
10.1016/j.biopha.2017.06.003
45. Hougee S, Sanders A, Faber J, Graus YM, van den Berg WB,
Garssen J, Smit HF, Hoijer MA: Decreased pro-inflammatory cytokine
production by LPS-stimulated PBMC upon in vitro incubation with the
flavonoids apigenin, luteolin or chrysin, due to selective elimination of
monocytes/macrophages. Biochemical Pharmacol, 69 (2): 241-248, 2005.
DOI: 10.1016/j.bcp.2004.10.002
46. Andreucci M, Faga T, Pisani A, Perticone M, Michael A: The ischemic/
nephrotoxic acute kidney injury and the use of renal biomarkers in clinical
practice. Eur J Intern Med, 39, 1-8, 2017. DOI: 10.1016/j.ejim.2016.12.001
47. Zhao C, Ozaeta P, Fishpaugh J, Rupprecht K, Workman R, Grenier
F, Ramsay C: Structural characterization of glycoprotein NGAL, an early
predictive biomarker for acute kidney injury. Carbohydr Res, 345 (15):
2252-2261, 2010. DOI: 10.1016/j.carres.2010.07.024
48. Bauvois B, Pramil E, Jondreville L, Chapiro E, Quiney C, Maloum K,
Susin SA, Nguyen-Khac F: Relation of neutrophil gelatinase-associated
lipocalin overexpression to the resistance to apoptosis of tumor B Cells in
chronic lymphocytic leukemia. Cancers, 12 (8): 2124, 2020. DOI: 10.3390/
cancers12082124
49. Güleç Başer B, İslimye Taşkın M, Adalı E, Öztürk E, Hısmıoğulları
AA, Yay A: Does progesterone have protective effects on ovarian
ischemia-reperfusion injury? J Turk Ger Gynecol Assoc, 19 (2): 87-93, 2018.
DOI: 10.4274/jtgga.2017.0047
50. Impellizzeri D, Bruschetta G, Ahmad A, Crupi R, Siracusa R, Di
Paola R, Paterniti I, Prosdocimi M, Esposito E, Cuzzocrea S: Effects
of palmitoylethanolamide and silymarin combination treatment in an
animal model of kidney ischemia and reperfusion. Eur J Pharmacol, 762,
136-149, 2015. DOI: 10.1016/j.ejphar.2015.05.010
51. Gong L, Yu H, ZhuGe Y, Yu Q: Neutrophil gelatinase-associated
lipocalin protects renal tubular epithelial cell in ischemic/reperfusion
injury rats via apoptosis-regulating proteins. Ren Fail, 34 (6): 777-783,
2012. DOI: 10.3109/0886022x.2012.678173
52. Zang XJ, An SX, Feng Z, Xia YP, Song Y, Yu Q: In vivo mechanism
study of NGAL in rat renal ischemia-reperfusion injury. Genet Mol Res, 13
(4): 8740-8748, 2014. DOI: 10.4238/2014.October.27.15
53. Liou KT, Shen YC, Chen CF, Tsao CM, Tsai SK: Honokiol protects
rat brain from focal cerebral ischemia-reperfusion injury by inhibiting
neutrophil infiltration and reactive oxygen species production. Brain Res,
992 (2): 159-166, 2003. DOI: 10.1016/j.brainres.2003.08.026

