Experimental Animals

Exp. Anim. 70(1), 37—44, 2021
Original

The effect of a natural molecule in ovary ischemia
reperfusion damage: does lycopene protect ovary?
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Abstract: Ovarian ischemia is a gynecological emergency case that occurs as a result of ovarian torsion. Oxidative
stress plays a central role in the development of ischemia/reperfusion (IR) injuries. Lycopene (LYC) is a lipophilic,
natural carotenoid well known for its antioxidant properties. This study provides information on the potential
applications of lycopene. The Wistar Albino rats were distributed into six groups: Sham group (only a laparotomy
was performed), Control group [laparotomy and intraperitoneal dissolvent (olive oil)], IR group, IR+olive oil group,
IR+LYC 2.5 mg/kg/dose, intraperitoneal group, IR+LYC 5 mg/kg/dose intraperitoneal group. Evaluated in terms of
histopathological changes, tissue malondialdehyde levels (MDA), ovarian expressions of phosphorylated nuclear
factor-kappa B (p-NF-kB) and the TUNEL method was utilized to show apoptosis of ovarian tissue. There was a
significant decrease in MDA, p-NF-kB values and the proportion of apoptotic cells assessed by TUNEL compared
to the group that did not receive intraperitoneal LYC in rat injury with IR damage (P<0.05). In histopathological
damage scoring, it was observed that the cell damage was significantly reduced in LYC-administered groups. LYC
showed significant ameliorative effects on ovary injury caused by IR through acting as an antioxidant, antiinflammatory,
and antiapoptotic agent.
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required to prevent cell damage is to shorten the hypo-

Introduction

perfusion time and provide reperfusion. However, recent

Ovarian torsion is a gynecological urgent pathology
with an incidence of 2.7-3% leading to ovarian ischemia
[1]. Ovarian torsion is seen more commonly in the re-
productive age. With the increase in assisted reproduc-
tive techniques, the incidence increases up to 16% due
to ovarian hyperstimulation [2]. The torsion of the ovar-
ian vascular pedicle on its axis results in decreased arte-
rial blood flow and the obstruction of venous and lym-
phatic drainage [3]. It has been known for many years
that ischemia causes cell damage [4]. The first method

studies have reported that a series of incidents, called
“Ischemia /Reperfusion (IR) injury”, with reperfusion,
can occur, which may lead to the impairment in organ
functions [5]. The basic mechanism in IR damage begins
with the induction of anaerobic metabolism with isch-
emia, resulting in lower ATP production which leads to
the disruption of ion exchange channels. In spite of the
cessation of ATP production, ATP, adenosine, inosine,
and hypoxanthin are formed from ATP due to the con-
tinued use of it. In reperfusion, XO (xanthine oxidase),
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which forms during ischemia by restoring oxygen flow,
converts the accumulated hypoxanthin to xanthine and
causes excessive free oxygen radical formation. reactive
oxygen species (ROSs) cause autophagy, mitoptosis,
necrosis, necroptosis, apoptosis, resulting in cell death
[5].

Contrary to popular belief, in ischemic ovarian dam-
age, total ovarian necrosis does take place [6]. In long-
term ischemic cases, in spite of the blue-black discolor-
ation in the ovary, the presence of live follicles has been
shown. Therefore, the current treatment approach is the
detortion, regardless of the ovarian appearance [7]. The
question here is whether detortion will cause IR damage
in the ovary. Studies have shown that varying degrees
of ovarian follicles decrease with detorsion [6, 8]. How-
ever, the common belief is that follicular viability is still
ongoing. Therefore, to prevent ovarian damage, as in all
organ ischemia, the ischemia duration must be primar-
ily shortened and then the reduction of reperfusion in-
jury in the detorsioned ovary should be targeted. How-
ever, early diagnostic methods that will shorten the
duration of hypoperfusion in clinical practice may not
always be available to clinicians or there may be delays
in diagnosis due to some other factors. Therefore, stud-
ies focused on the reduction of reperfusion injury. Ac-
cordingly, the efficacy of many antioxidant agents in
preventing oxidative damage was investigated [9, 10].
The use of antioxidants can help support cells antioxidant
defense mechanisms. LYC is a carotenoid with anti-
oxidant [11], anti-apoptotic [ 12], anti-inflammatory [13],
and anti-ischemic [ 14] properties that protect cells from
lipid peroxidation and oxidative DNA damage. Its effi-
cacy has been shown in IR damage in organs such as
kidney, myocardium, and testicles [14—16].

“Does LYC have a protective effect on ovarian IR?”
There are no previous studies in the literature on ovar-
ian IR damage. Accordingly, the present study aimed to
evaluate the efficacy of two different doses via the intra-
peritoneal route in the reperfusion stage without apply-
ing pretreatment.

Materials and Methods

Animals

The local Animal Ethics Committee approved the
experimental procedures employed in the present study
(via KOBAY D.H.L. A.$.Registry No: 309). All experi-
ments were carried out according to the Guide for the
Care and Use of Laboratory Animals, as confirmed by
the National Institute of Health (Washington, DC, USA).

Accordingly, 48 sexually mature female Wistar Al-
bino rats, weighing 180-240 g, were used in the study.
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Rats were put in stainless steel cages until the time of
the experiment and were fed with standard rodent food
and water under appropriate ambient temperature (24—
25°C), humid environment (55-60%) and controlled
photo-period (12:12 h light:dark).

Surgical and experimental technique

As an anesthetic drug for surgical interventions, 50
mg/kg Ketamine (Ketalar; Parke Davis, Eczacibasi,
Istanbul, Turkey) and 10 mg/kg Xylazine (Rompin,
Bayer AG, Leverkusen, Germany) were used in combi-
nation. After anesthesia, rats were kept in a supine posi-
tion and 2% iodine alcohol was used for antisepsis of
the lower abdominal region. Then, 2.5 cm longitudinal
incision was made in the lower abdominal region and
the right ovary was visualized. For the induction of isch-
emia, vascular clamps were applied to the right ovarian
vessels. At the end of the three-hour ischemia period,
the vascular clamps were removed and a three-hour re-
perfusion was continued. The vital signs of all rats re-
mained stable throughout the surgical procedure. At the
end of the study, rats were sacrificed by decapitation in
accordance with the ethical committee principles.

The experimental groups were formed as follows;
Sham group (n=8) (only a laparotomy was performed),
control group (n==8) [laparotomy and intraperitoneal dis-
solvent (olive oil)], IR group (n=8), IR + olive oil group
(n=8), IR+LYC 2.5 mg/kg/dose, intraperitoneal group
(n=8), IR+LYC 5 mg/kg/dose intraperitoneal group
(n=8).

Drug protocol

The LYC dose administered in the experiment was
determined according to a study previously performed
in another organ ischemia [17]. LYC (Sigma Aldrich, St.
Louis, MO, USA) was dissolved in olive oil. The pre-
pared LYC was administered intraperitoneally in two
different doses one hour before the reperfusion.

The groups created were recorded by the researchers
who conducted the experiment. However, the research-
ers who carried out biochemical and histopathological
examination were unaware of these groups formed until
the end of the study.

Histological analysis

Ovarian tissues taken at the end of the experiment
were fixed in a 10% formaldehyde solution. After fixa-
tion, the tissues were dehydrated by passingthe samples
through alcohol series with increasing alcohol content
(50%, 70%, 80%, 96%, and 100%). Tissues that made
transparent with xylene were embedded in paraffin.
Hematoxylin-Eosin (H&E) staining was applied to Sum
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thick sections taken from paraffin blocks and sealed with
concealing solution (Entellan®, Merck, Darmstadt, Ger-
many). Histopathological damage scoring was performed
in terms of the degeneration of follicles in the ovarial
cortical region, vascular congestion, edema and infiltra-
tion of inflammatory cells [18]. Each criterion was
evaluated according to the classifications as normal (0),
mild (1), moderate (2), and severe (3). The preparations
were examined under the Olympus BXS53 light micro-
scope.

Immunohistochemical analysis

The immuno-reactivity of the phosphorylated nuclear
factor-kappa B (p-NF-«kB) (Cat: MCA1292-
MFG:20190827, Bioassay Technology Lab., Shanghai,
China) protein was determined in the ovarian tissues of
the rat model by IR using the Avidin-Biotin peroxidase
method [19]. Briefly, after the deparaffinization of 5 yum
thick sections, citrate buffer was used to open the epit-
opes (pH: 6.0). The slides were then taken into a 3%
hydrogen peroxide solution in methanol to prevent en-
dogenous peroxidase activity. A UV-block solution was
applied to prevent non-specific staining. Sections were
then incubated overnight at 4°C with p-NF-«B primary
antibody. Biotinylated secondary, streptavidin-HRP (TP-
125-HL, LOT: PHL181115, ThermoScientific, Waltham,
USA) and DAB chromogens were applied respectively
and then the slides were counterstained with Gill Hema-
toxylin. Then, the slides were dehydrated by passing
them through alcohol series with increasing alcohol
levels and mounted in entellan. The sections were ex-
amined using an Olympus BX53 light microscope. The
evaluation of the immunoreactivity levels was conduct-
ed using the Image J program. Accordingly, 10 different
areas were evaluated for each slide.

Biochemical analysis

Tissue samples from rats were used for the biochem-
ical analysis. For the MDA testing in ovarian tissue the
rat MDA (Cat. No: 201-11-0157, Sunred Bio, Shanghai,
China) protocol in the manufacturer’s kits was adopted
and the concentration was measured at 450 nm with the
ELISA reader. Results are given in nmol/ml for MDA.

The TUNEL method

Apoptotic cells were determined in the sections taken
from the subjects using a Roche In Situ Cell Detection
Apoptosis Fluorescein Kit (Cat No: 11684795910, Mol-
ten Biotechnology Lab., Roche Inc., Basel, Switzerland).
The staining was carried out according to the kit proce-
dure. Ovarian sections taken in Sum thickness were
deparaffinized and rehydrated andthen washed twice with

PBS for 5 min. Then, for antigen recovery, the tissues
were kept in 0.01 M 5% sodium citrate buffer in the
microwave oven at 350 W for 5 min, then allowed to
cool at room temperature for 10 min. The tissues that
were washed two times for 5 min with PBS were placed
in the humidity chamber at 37°C with the TUNEL reac-
tion mixture in the kit and incubated in the incubator for
60 min. The tissues that werewashed two times for 5 min
with PBS were contrasted with 4’,6-diamidino-2- phe-
nylindole (DAPI). Tissues sealed with glycerol closure
solution were observed on the Olympus BX53 model
fluorescent microscope at 450-500 nm wave length. For
the apoptotic index, 50 different areas of apoptotic cells
were counted in 20x lenses in total.

Statistical analysis of data

The SPSS version 22 package program was used for
the statistical analyses. The results are given as the mean
+ SD. The One-way ANOVA test was used to compare
the groups. The Post-Hoc Tukey test was used for bi-
nary comparisons. The statistical value P<0.05 was
taken as the significance level.

Histopathological evaluation

Examining the ovarian sections of the Control and
Sham group, follicles were observed at various devel-
opmental stages in normal histology, as shown in Fig. 1.
In sections of IR-induced ovarian tissues, degeneration,
vascular congestion, edema and infiltration of inflamma-
tory cells were observed in follicular cells. Vascular
congestion was more common in ovarian samples of
ischemia/reperfusion and IR+olive oil group (Fig. 1). In
the histopathological scoring of the ovarian tissue sam-
ples, it was observed that the groups treated with IR
+LYC had statistically significant improvements
(P<0.05) (Table 1).

Immunohistochemical findings

Evaluating the immunohistochemical results, p-NF-«xB
expression statistically increased in the ovarian tissues
only in the IR group compared to those of all other
groups (P<0.05). In ovarian tissues that received 2.5 and
5 mg/kg LYC, p-NF-kB expression significantly de-
creased compared to the IR group. It was observed that
p-NF-kB expression was similar in these two groups

(Fig. 2).

Biochemical findings
When the MDA results were evaluated, a significant
increase was observed in the IR group (3.47 + 0.27 nmol/
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Fig. 1. The H&E staining images of ovarian tissues belonging to Control (A), Sham (B), IR (C), IR +olive oil (D), IR+2.5 mg/kg Ly-
copene (E), IR+5 mg/kg lycopene (F) experimental groups (Yellow thick arrow indicates the infiltration of inflammatory cells
while yellow thin arrow indicates degeneration of follicular cells, and black arrow indicates vascular congestion; *edema) (x200).

Table 1. Histopathological damage scores in the ovarian samples belonging to the experimental groups

Degeneration of follicles Vascular congestion Edema Infiltration of inflammatory cells
Control 0.375+0.51 0.375+0.51 0.375+0.51 0.625+0.51
Sham 0.625 +0.51 0.375 +0.512 0.625 +0.51 0.625 £ 0.51
IR 2+0.5% 2.375 +0.48® 2.625 + (.48 2+0.71%
IR+Olive oil 1.875 +0.83%® 2+0.75% 1.625 & 0.742b¢ 2.375 +0.52¢
IR+LYC 2.5 mg/kg 1.375 + 1.06* 1 +0.82¢d 1.375 +0.74% 1.625 & 0.742b
IR+LYC 5 mg/kg 1.375+£0.74% 1.375 £ 0.922b¢ 1.5+0.76% 0.625 + 0.74¢de

Data are expressed as mean + SD. Two-way ANOVA variance analysis and Tukey post hoc multiple comparison test were applied (*P<0.05
different from control group; ®P<0.05 different from sham group; °P<0.05 different from ischemia/reperfusion (IR) group; 4P<0.05 different
from IR/olive oil group; °P<0.05 different from IR+ 2.5 mg/kg lycopene group). Lycopene; LYC.

ml) compared to the control group (2.63 = 0.18 nmol/
ml). There was a statistically significant decrease in the
groups treated with 2.5 mg (2.65 + 0.47 nmol/ml) and 5
mg (2.44 + 0.38 nmol/ml) LYC compared to those in the
IR group (P<0.001) (Table 2).

TUNEL results

Evaluating the number of apoptotic cells, it was ob-
served that the number of apoptotic cells increased in
the IR group compared to the control group whereas
there was a significant decrease in the groups treated
with LYC compared to the IR group (Table 3, Fig. 3).
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The present study showed that LYC, which is a natu-
ral molecule, improved the histopathological, immuno-
histochemical and biochemical parameters in ovarian IR
damage. It was found that there was a significant de-
crease in MDA, p-NF-kB values and the rate of apop-
totic cells in the groups that received intraperitoneal LYC
evaluated by TUNEL compared to the group that did not
receive intraperitoneal LYC in the rat ovary with IR dam-
age.

Evaluating the basic mechanism of cell damage, re-
gardless of the causing factor (hypoxia, physical and
chemical agents, aging), free radicals were the main
factors dominating the process. Therefore, the efficacy
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Fig. 2. The p-NF-kB immune staining of the ovarian tissues of Control (A), Sham (B), IR (C), IR+olive oil (D), 2.5 mg/kg lycopene
(E), 5 mg/kg lycopene (F) (the black arrow shows the immune reactive areas) (G). The p-NF-kB immunoreactivity data shown
on the histogram graph are expressed as mean + SD (o P<0.05 different from the control group; f P<0.05 different from the Sham
group; vy P<0.05 different from the IR group; ¥ P<0.05 different from the IR+olive oil group; 6 P<0.05 2.5 mg/kg different from

the lycopene group) (x200).

of many different agents that support protective mecha-
nisms for all organs, such as ‘antioxidant’, ‘antiinflam-
matory’, etc. were studied to be shown experimentally.
Carotenoids are micronutrients that have strong anti-
oxidant effects but cannot be de novo synthesized by
humans and should be taken by diet [20, 21]. LYC is one
of more than 600 carotenoids found in nature [20]. LYC
content in frequently consumed fruits and vegetables
such as fresh ripe tomatoes, grapefruit, guava, papaya,

and watermelon attracts interest in the study results on
this carotenoid [20]. In the literature, there are clinical
studies showing that the diet rich in foods with high LYC
content (especially tomatoes) has protective effects
against many diseases such as cancer, coronary artery
and neuro-degenerative diseases and male infertility [20,
21]. Also, experimental studies were carried out in recent
years to determine the effects of preventing cell damage
and protecting organ functions. Studies showed that the
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Table 2. MDA analysis results in ovarian tissue

Groups Control Sham IR

IR+Olive Oil IR+2.5mg LYC IR+5 mg LYC P

MDA nmol/ml ~ 2.63+0.18  2.62+0.16*  3.47+0.27°

3.28 £0.74° 2.65+0472 2.44 +0.38% <0.001

Data are shown as mean = SD. P<0.05 was considered significant. There is no significant difference between groups containing the same

letter (a and b). Ischemia/reperfusion; IR, lycopene; LYC.

Table 3. TUNEL results in ovarian tissue

Groups Control Sham IR

IR+Olive Oil  [R+2.5mgLYC IR+5 mg LYC P

TUNEL Positive cell  0.83 £0.372 0.8 +£0.482

1.76 +0.89¢

1.75+1.03¢ 1.03 +£0.18% 1.36 £0.96>  <0.001

Data are shown as mean = SD. P<0.05 was considered significant. There is no significant difference between groups containing the same

letter (a, b and c). Ischemia/reperfusion; IR, lycopene; LYC.

Fig. 3. Control (A), Sham (B), IR (C), IR+olive oil (D), 2.5 mg/kg lycopene (E), 5 mg/kg lycopene (F) Apoptotic
cells are indicated with a yellow arrow x200. 46 x 30 mm (300 x 300 DPI).

toxicodynamic properties of LYC were the same in rats
and humans [22]. Therefore, rats can be regarded as a
useful and suitable animal model to evaluate the poten-
tial effect and toxicity of LYC in humans [22].
Examining the studies on the effects of LYC on ovar-
ian damage in the literature, it was seen that, in rats with
Cisplatin-induced ovarian injury, pretreatment with oral
LYC inhibited the increase in Cisplatin-induced MDA
and increased the levels of antioxidants such as total
glutathione, glutathione reductase and superoxide dis-
mutase [23]. MDA is a major reactive aldehyde that
forms during the peroxidation of polyunsaturated fatty
acids in the biological membrane. It has been reported
that LYC significantly reduced MDA in IR damage
caused by liver, myocardium, neuron and renal cells with
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its strong antioxidant effects [14—17, 24]. In a similar
vein, in the present study, there was an increase in MDA
with IR damage whereas there was a significant decrease
in MDA in groups treated with intraperitoneal LYC. In
previous studies, LYC has been shown to reduce oxida-
tive damage in a dose-dependent manner [25, 26]. In the
present study, 5 mg/kg LYC application group, the de-
crease in MDA was higher than that in the 2.5 mg/kg
LYC application group, however, this decrease was
statistically not significant. The effect of LCY on cell
damage was clearly seen in the histopathological evalu-
ation. In the sections of IR ovarian tissues, degeneration,
vascular congestion, edema and infiltration of inflamma-
tory cells were observed in follicle cells, while the pres-
ence of these pathologies decreased in the groups that
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received LYC. The protective effects of LYC on histo-
pathological findings were also observed in Cisplatin-
damaged ovarian tissue. This effect was evaluated to-
gether with the decrease in MDA levels and was
associated with the reduction of oocyte and follicle
damage by the antioxidative activity of LYC [23].

Cellular abnormal ROS accumulation and I/R damage
not only directly damages cell proteins and membranes,
but also causes damage by activating pro-apoptotic path-
ways. Apoptosis is also a process associated with inflam-
mation. NF-kB-dependent transcription controls inflam-
matory processes, cytokines, chemokines, cell adhesion
molecules, complement cascade and acute phase pro-
teins. Also, this pathway has been also thought to be the
primary oxidative stress-response pathway. NF-«kB sig-
nal pathway can increase inflammation and apoptosis
[27]. Studies showed that beta carotenes and LYC sup-
press NF-xB [25, 28]. With this suppression, cyclins,
growth factors which are effective in cell growth and
prophylaxis which are directly related to NF-kB, and
anti-apoptotic Bcl family members and inhibitor of apop-
tosis proteins associated with and apoptosis are also
affected. Thus, in addition to the anti-inflammatory ef-
fect, an anti-apoptotic effect takes place. It has been
reported that LYC reduced apoptosis in studies on tes-
ticular tissue, neuron and heart in rats [12, 15]. How-
ever, the functioning of these mechanisms have not been
completely revealed. Redox mechanisms have been also
thought to be effective in processes associated with LYC
and apoptosis. Palozzo et al. have associated the anti-
inflammatory activity of LYC, which has strong anti-
oxidant effects, with its ability to regulate the activity of
transcription factors and redox sensitive kinases by the
lipophilic interaction in the cell membrane [29]. Simi-
larly, Yue et al. have reported that the anti-apoptotic
activity was particularly associated with the anti-oxidant
activity [14]. In the present study, p-NF-«B activity was
higher in the IR group. Also, p-NF-xB activity was sig-
nificantly suppressed in both 2.5 and 5 mg/kg LYC ap-
plications. Also, in the present study, a clear ovarian
apoptotic response was observed in the IR group in the
apoptotic evaluation with TUNEL and in LY C-treated
groups, and the number of surviving cells was found to
increase significantly.

LYC is found in varying levels in all tissues including
ovaries, especially in the testicles and adrenal, but it is
not stored [20]. The efficacy of LYC in varying doses was
shown in IR damage in different organs. For example, it
has been known that LYC has significant effects between
4 and 20 mg/kg in the testicle, 2.5 and Smg/kg in the
liver and 2.5 and 40 mg/kg in the myocardium [14, 15,
17]. Tissue and sex differences, usage patterns, and the

variability of IR time may cause different doses to be

effective against the same damage. In the present study,
significant antiapoptotic, anti-inflammatory and antioxi-
dative activity was observed at 2.5 and 5 mg/kg doses.

Since LYC is not stored, the intraoperative use may

be reasonable in acute conditions such as ovarian torsion.
This study was designed on this idea. However, the in-
ability to evaluate the ovarian reserve after reperfusion

is

an important limitation of the study. Another limitation

was that the study was performed on a relatively small
number of experiment animals due to ethical issues.
Also, the results of animal experiments could not be

directly applied to human models and cannot be direct-

ly

interpreted. The evaluation of the ovarian reserve by

creating IR in varying periods with LYC application at
different doses can reveal the efficacy of LYC more

clearly.

In conclusion, this study is the first in the literature to

evaluate the effect of LYC on ovarian IR damage. It was

S€

en that LYC prevented oxidative and inflammatory

pathways that cause tissue damage with its anti-oxida-

tive, anti-apoptotoic and anti-inflammatory activity. It
was seen that, in ovarian tissues, these effects were not
dose-dependent and occured even at low doses. This

natural antioxidant, which is not stored in the body, can

be a promising pharmaceutical preparation that protects
the ovary in ovarian torsion cases.

Acknowledgment

This study was supported by Yozgat Bozok Univer-

sity Project Coordination Application and Research
Center (6602¢-TF/19-248).

1.

References

Markham S, Rock J. Preoperative care. Te Linde’s Operative
Gynecology, 8th ed Rock JA, Thompson JD, eds Philadelphia:
Lippincott-Raven Publishers. 1997: 95-113.

Mashiach S, Bider D, Moran O, Goldenberg M, Ben-Rafael
Z. Adnexal torsion of hyperstimulated ovaries in pregnancies
after gonadotropin therapy. Fertil Steril. 1990; 53: 76-80.
[Medline] [CrossRef]

. Abali R, Tasdemir N, Yuksel MA, Guzel S, Oznur M, Nal-
bantoglu B, et al. Protective effect of infliximab on ischemia/
reperfusion injury in a rat ovary model: biochemical and his-
topathologic evaluation. Eur J Obstet Gynecol Reprod Biol.
2013; 171: 353-357. [Medline] [CrossRef]

Parks DA, Granger DN. Contributions of ischemia and reper-
fusion to mucosal lesion formation. Am J Physiol. 1986; 250:
G749-G753. [Medline]

. Wu MY, Yiang GT, Liao WT, Tsai APY, Cheng YL, Cheng
PW, et al. Current mechanistic concepts in ischemia and re-
perfusion injury. Cell Physiol Biochem. 2018; 46: 1650-1667.
[Medline] [CrossRef]

Yucel B, Usta TA, Kaya E, Turgut H, Ates U. Folicular re-
serve changes in torsion-detorsion of the ovary: an experi-

Exp. Anim. 2021; 70(1): 37-44 | 43


http://www.ncbi.nlm.nih.gov/pubmed/2295348?dopt=Abstract
http://dx.doi.org/10.1016/S0015-0282(16)53219-1
http://www.ncbi.nlm.nih.gov/pubmed/24169036?dopt=Abstract
http://dx.doi.org/10.1016/j.ejogrb.2013.09.037
http://www.ncbi.nlm.nih.gov/pubmed/3717337?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/29694958?dopt=Abstract
http://dx.doi.org/10.1159/000489241

D.A.KIRMIZI, ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

mental study. Eur J Obstet Gynecol Reprod Biol. 2014; 177:
126-129. [Medline] [CrossRef]

Cohen SB, Oelsner G, Seidman DS, Admon D, Mashiach
S, Goldenberg M. Laparoscopic detorsion allows sparing of
the twisted ischemic adnexa. ] Am Assoc Gynecol Laparosc.
1999; 6: 139-143. [Medline] [CrossRef]

Ozler A, Turgut A, Soyding HE, Sak ME, Evsen MS, Alabalik
U, et al. The biochemical and histologic effects of adnexal tor-
sion and early surgical intervention to unwind detorsion on
ovarian reserve: an experimental study. Reprod Sci. 2013; 20:
1349-1355. [Medline] [CrossRef]

Akdemir A, Sahin C, Erbas O, Yeniel AO, Sendag F. Is ur-
sodeoxycholic acid crucial for ischemia/reperfusion-induced
ovarian injury in rat ovary? Arch Gynecol Obstet. 2015; 292:
445-450. [Medline] [CrossRef]

Ugurel V, Cicek AC, Cemek M, Demirtas S, Kocaman AT, Ka-
raca T. Antioxidant and antiapoptotic effects of erdosteine in a
rat model of ovarian ischemia-reperfusion injury. Iran J Basic
Med Sci. 2017; 20: 53-58. [Medline]

Sandhir R, Mehrotra A, Kamboj SS. Lycopene prevents 3-ni-
tropropionic acid-induced mitochondrial oxidative stress and
dysfunctions in nervous system. Neurochem Int. 2010; 57:
579-587. [Medline] [CrossRef]

Fujita K, Yoshimoto N, Kato T, Imada H, Matsumoto G, Ina-
kuma T, et al. Lycopene inhibits ischemia/reperfusion-induced
neuronal apoptosis in gerbil hippocampal tissue. Neurochem
Res. 2013; 38: 461-469. [Medline] [CrossRef]

Zheng Z, Yin Y, Lu R, Jiang Z. Lycopene ameliorated oxida-
tive stress and inflammation in Type 2 diabetic rats. J Food
Sci. 2019; 84: 1194-1200. [Medline] [CrossRef]

Yue R, Xia X, Jiang J, Yang D, Han Y, Chen X, et al. Mito-
chondrial DNA oxidative damage contributes to cardiomyo-
cyte ischemia/reperfusion-injury in rats: cardioprotective role
of lycopene. J Cell Physiol. 2015; 230: 2128-2141. [Medline]
[CrossRef]

Giizel M, Sénmez MF, Bastug O, Aras NF, Oztiirk AB,
Kigiikaydin M, et al. Effectiveness of lycopene on experi-
mental testicular torsion. J Pediatr Surg. 2016; 51: 1187-1191.
[Medline] [CrossRef]

Pektas A, Gemalmaz H, Balkaya M, Unsal C, Yenisey C,
Kiligarslan N, et al. The short-term protective effects of lyco-
pene on renal ischemia-reperfusion injury in rats. Turk J Urol.
2014; 40: 46-51. [Medline] [CrossRef]

Bayramoglu G, Bayramoglu A, Altuner Y, Uyanoglu M, Co-
lak S. The effects of lycopene on hepatic ischemia/reperfusion
injury in rats. Cytotechnology. 2015; 67: 487—491. [Medline]
[CrossRef]

Aslan M, Erkanli Senturk G, Akkaya H, Sahin S, Yilmaz B.
The effect of oxytocin and Kisspeptin-10 in ovary and uterus

44 | doi: 10.1538/expanim.20-0080

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

of ischemia-reperfusion injured rats. Taiwan J Obstet Gyne-
col. 2017; 56: 456-462. [Medline] [CrossRef]

Cakir M, Tekin S, Doganyigit Z, Erden Y, Soytiirk M, Cigremis
Y, et al. Cannabinoid type 2 receptor agonist JWH-133, atten-
uates Okadaic acid induced spatial memory impairment and
neurodegeneration in rats. Life Sci. 2019; 217: 25-33. [Med-
line] [CrossRef]

Bramley PM. Is lycopene beneficial to human health? Phyto-
chemistry. 2000; 54: 233-236. [Medline] [CrossRef]

Rao LG, Guns E, Rao AV. Lycopene: its role in human health
and disease. Agro Food. 2003; 7: 25-30.

Jonker D, Kuper CF, Fraile N, Estrella A, Rodriguez Otero
C. Ninety-day oral toxicity study of lycopene from Blakeslea
trispora in rats. Regul Toxicol Pharmacol. 2003; 37: 396—406.
[Medline] [CrossRef]

Kulhan NG, Kulhan M, Turkler C, Ata N, Kiremitli T, Kire-
mitli S, et al. Effect of lycopene on oxidative ovary-damage
induced by cisplatin in rats. Gen Physiol Biophys. 2019; 38:
253-258. [Medline] [CrossRef]

Lei X, Lei L, Zhang Z, Cheng Y. Neuroprotective effects
of lycopene pretreatment on transient global cerebral isch-
emia-reperfusion in rats: The role of the Nrf2/HO-1 signal-
ing pathway. Mol Med Rep. 2016; 13: 412-418. [Medline]
[CrossRef]

Zhao Q, Yang F, Meng L, Chen D, Wang M, Lu X, et al. Ly-
copene attenuates chronic prostatitis/chronic pelvic pain syn-
drome by inhibiting oxidative stress and inflammation via the
interaction of NF-xB, MAPKs, and Nrf2 signaling pathways
in rats. Andrology. 2020; 8: 747-755. [Medline]

Devaraj S, Mathur S, Basu A, Aung HH, Vasu VT, Meyers S,
et al. A dose-response study on the effects of purified lycopene
supplementation on biomarkers of oxidative stress. ] Am Coll
Nutr. 2008; 27: 267-273. [Medline] [CrossRef]

He Q, Zhou W, Xiong C, Tan G, Chen M. Lycopene attenu-
ates inflammation and apoptosis in post-myocardial infarction
remodeling by inhibiting the nuclear factor-kB signaling path-
way. Mol Med Rep. 2015; 11: 374-378. [Medline] [CrossRef]
Bai SK, Lee SJ, NaHJ, HaKS, HanJA, Lee H, et al. -Carotene
inhibits inflammatory gene expression in lipopolysaccharide-
stimulated macrophages by suppressing redox-based NF-kap-
paB activation. Exp Mol Med. 2005; 37: 323-334. [Medline]
[CrossRef]

Palozza P, Simone R, Catalano A, Monego G, Barini A,
Mele MC, et al. Lycopene prevention of oxysterol-induced
proinflammatory cytokine cascade in human macrophages:
inhibition of NF-kB nuclear binding and increase in PPARy
expression. J Nutr Biochem. 2011; 22: 259-268. [Medline]
[CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/24774035?dopt=Abstract
http://dx.doi.org/10.1016/j.ejogrb.2014.03.029
http://www.ncbi.nlm.nih.gov/pubmed/10226121?dopt=Abstract
http://dx.doi.org/10.1016/S1074-3804(99)80091-7
http://www.ncbi.nlm.nih.gov/pubmed/23585344?dopt=Abstract
http://dx.doi.org/10.1177/1933719113485300
http://www.ncbi.nlm.nih.gov/pubmed/25663134?dopt=Abstract
http://dx.doi.org/10.1007/s00404-015-3646-9
http://www.ncbi.nlm.nih.gov/pubmed/28133525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20643176?dopt=Abstract
http://dx.doi.org/10.1016/j.neuint.2010.07.005
http://www.ncbi.nlm.nih.gov/pubmed/23296626?dopt=Abstract
http://dx.doi.org/10.1007/s11064-012-0952-5
http://www.ncbi.nlm.nih.gov/pubmed/31012961?dopt=Abstract
http://dx.doi.org/10.1111/1750-3841.14505
http://www.ncbi.nlm.nih.gov/pubmed/25656550?dopt=Abstract
http://dx.doi.org/10.1002/jcp.24941
http://www.ncbi.nlm.nih.gov/pubmed/26703432?dopt=Abstract
http://dx.doi.org/10.1016/j.jpedsurg.2015.11.008
http://www.ncbi.nlm.nih.gov/pubmed/26328145?dopt=Abstract
http://dx.doi.org/10.5152/tud.2014.53765
http://www.ncbi.nlm.nih.gov/pubmed/24590927?dopt=Abstract
http://dx.doi.org/10.1007/s10616-014-9706-3
http://www.ncbi.nlm.nih.gov/pubmed/28805600?dopt=Abstract
http://dx.doi.org/10.1016/j.tjog.2016.12.018
http://www.ncbi.nlm.nih.gov/pubmed/30500552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/30500552?dopt=Abstract
http://dx.doi.org/10.1016/j.lfs.2018.11.058
http://www.ncbi.nlm.nih.gov/pubmed/10870177?dopt=Abstract
http://dx.doi.org/10.1016/S0031-9422(00)00103-5
http://www.ncbi.nlm.nih.gov/pubmed/12758219?dopt=Abstract
http://dx.doi.org/10.1016/S0273-2300(03)00013-8
http://www.ncbi.nlm.nih.gov/pubmed/30806633?dopt=Abstract
http://dx.doi.org/10.4149/gpb_2019006
http://www.ncbi.nlm.nih.gov/pubmed/26572165?dopt=Abstract
http://dx.doi.org/10.3892/mmr.2015.4534
http://www.ncbi.nlm.nih.gov/pubmed/31880092?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18689558?dopt=Abstract
http://dx.doi.org/10.1080/07315724.2008.10719699
http://www.ncbi.nlm.nih.gov/pubmed/25323011?dopt=Abstract
http://dx.doi.org/10.3892/mmr.2014.2676
http://www.ncbi.nlm.nih.gov/pubmed/16155409?dopt=Abstract
http://dx.doi.org/10.1038/emm.2005.42
http://www.ncbi.nlm.nih.gov/pubmed/20573495?dopt=Abstract
http://dx.doi.org/10.1016/j.jnutbio.2010.02.003

