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Abstract

Objectives: Ovarian torsion is an important gynaecological emergency because it causes ischemia in ovary. Our aim is to research
the effects of Hypericum perforatum on p53, TNF-a, CAT, SOD, GSH, PTEN and is haPI3K/Akt/mTOR pathway in ovarian of rats
with ischemia reperfusion (I/R) injury.

Materials and Methods: The study included 56 adult female rats which were allocated to 7 groups; control, ischemia, ischemia
300HP, ischemia 600HP, I/R, I/R 300HP and I/R 600HP. H. perforatum was applied to ischemia 300HP, ischemia 600HP, I/R
300HP and I/R 600HP groups at the dose of 300 mg/kg or 600 mg/kg by oral gavage. Collected ovarian tissues were examined by
light microscopy, biochemical and real-time PCR techniques.

Results: In histological examination, the least degeneration was seen in 600HP group among other groups, apart from control
group. TUNEL results showed that apoptosis level of other groups was lower than that of ischemia and I/R groups. CAT and
GSH levels of I/R 600HP group increased. The highest level of PTEN and mTOR was found in the ischemia group. The Akt level
was lower in I/R and I/R 300HP groups but its level was close to that of control and I/R 600HP groups. TNF-a and p53 mRNA
expressions in I/R group were increased.

Conclusions: The result of the study showed that H. perforatum (600 mg/kg) had an effect on tissue degeneration, CAT and GSH
levels, and also TNF-a and p53 mRNA expressions levels. We suggest that H. perforatum can be considered as an agent to protect
against tissues damage during ischemia reperfusion.
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Introduction
Ovarian torsion, also known as adnexal torsion, is an
important gynaecological emergency because it has a
partial or complete twist that blocks the vascular support
and causes ischemia in the ovary (1,2). If a twisted ovary is
left untreated, the ischemia results in necrosis of the ovary
or entire adnexa that negatively affects fertility in young
women. Early surgical intervention is recommended for
detorsion ovarian torsion occurs; however, if the necrosis
is not severe (2). After detorsion, ischemia-reperfusion
(I/R) damage occurs when reperfusion starts. Increased
oxygen level by re-circulation elevates reactive oxygen
species (ROS), which cause ovarian tissue damage at the
cellular level (3).

Hypericum perforatum L. (St. John's wort) belongs to the
Clusiaceae family and has yellow flowers. It is a perennial
plant that grows as natively in some parts of Europe,

Asia and Africa, but it also grows in some parts of other
continents (4). It is among the most widely consumed
medicinal plants in the world (5). H. perforatum has been
used to treat some diseases like eczema, alimentary tract
problems and depression (6,7). In addition, H. perforatum
has properties such as anti-inflammatory, antioxidant,
anti-viral and wound healing (8,9).

The organism has a defence system against the harmful
effect of ROS. Some molecules of these defence system
are glutathione (GSH) and superoxide dismutase (SOD)
and catalase (CAT). These enzymes protect the tissues
from ROS and oxidative stress (10, 11). Malondialdehyde
(MDA) produced by ROS is the final output of lipid
peroxidation, and it is used as an indirect indicator of ROS
(10). ROS also has an important role to induce apoptosis
(12).

There is a positive correlation between the apoptotic cell
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Key Messages

»  Ovarian torsion is a gynaecological emergency so early
surgical intervention is recommended.

» /R looks more harmful than only ischemia.

» Ischemia and I/R decreased some antioxidants like CAT
and GSH, but H. perforatum increased CAT and GSH level
during ischemia and I/R.

»  H. perforatum has also suppressive effect on PTEN, TNF-a
and p53.

»  H. perforatum can be considered as an agent to protect
against tissue damage during ischemia and reperfusion but
it still needs to investigate it in detail.

number and the ischemia in the ovary (13). There are many
kinds of molecules that play a key role in apoptosis such
as phosphatase and tensin (PTEN), phosphatidylinositol
3-kinase (PI3K), the mammalian target of rapamycin
(mTOR), protein kinase B (PKB) also known as Akt and
p53 (14). PTEN and p53 have interdependent functions
in increasing apoptosis (15). PTEN is also known as a
negative regulator of PI3K. Therefore, PI3K/Akt/mTOR
pathway decreases apoptosis (14). In addition, some
cytokines like tumor necrosis factor-alpha (TNF-a)
increases during I/R (16).

In this present study, we sought to examine the effects
of H. perforatum on p53, TNF-q, antioxidant enzymes and
PTEN, PI3K/Akt/mTOR pathway, which have important
role in apoptosis, in the ovarian rats with I/R injury.

Materials and Methods

Experimental Design

Microsurgical sets were used for all surgical procedures.
Incision was performed in the low middle abdomen.
Before that, the skin was shaved, then cleaned with 10%
povidone-iodine (Batticon; Adeka Laboratories, Turkiye)
to provide asepsis. Before all surgery procedures, animals
were anesthetized by injecting ketamine 90 mg/kg (Keta-
Control, Doga ilac, Turkiye) and xylazine 10 mg/kg
(Vetaxyl, VetAgro, Poland) intramuscularly.

In this study, 56 Wistar-albino adult female rats (body
weight between 160-200 g) were utilised. The rats were
taken from Medical Experimental Applications and
Research Centre of Atatiirk University and they were kept
in a standard laboratory environment with 12 hours of
dark/light at constant temperature, and humidity. In this
process, the experimental animals were liberated get to
food and water ad libitum. The rats were divided equally
into seven groups blindly by the scientist who did not
know which group was which.

e Group I (Control): Only the abdominal region was
opened and closed, but no application was made to
the ovaries.

e  Group II (Ischemia): Bilateral ischemia was created
in the ovaries by applying microvascular clamps for
three hours and ovaries removed at the end of this
three hours.

e Group III (Ischemia HP300): Bilateral ischemia was
made in the same way as group II, and 300 mg/kg
of H. perforatum extract (Palen, Ari Muhendislik,
Ankara, Turkiye) was administered by oral gavage 2
hours before the end of the ischemia (4).

e Group IV (Ischemia HP600): Unlike the group
III, 600 mg/kg of H. perforatum extract was
administered.

e  Group V (I/R): Bilateral ischemia was created in the
ovaries in the same way. The clamps were removed 3
hours later, and reperfusion was allowed for another
three hours (11,16).

e Group VI (I/R HP300): Bilateral ischemia was
created in the ovaries for 3 hours. After 3 hours, the
vascular clamp was discharged, and reperfusion was
ensured in the ovaries for three hours. H. perforatum
extract (300 mg/kg) was administered by gavage 2
hours prior to the end of the reperfusion.

e  Group VII (I/R HP600) received 600 mg/kg of H.
perforatum extract, in contrast to group VI.

After the ovarian tissues were surgically removed
under anaesthesia, some parts were taken to formalin for
histological and immunohistochemical examination, and
the other parts were put at -80 °C for biochemical and
molecular examination.

Histological and Immunohistochemical Examination
The tissues were subjected to a routine histological process
after their fixation in 10% formalin then they were blocked
in paraffin and then sections with a thickness of 5 um were
taken with a microtome (Leica-RM2125 RTS, Germany),
stained with Hematoxylin and Eosin stain (H&E), and
then examined with a light microscope (Olympus BX43,
Japan).

Avidin Biotin Peroxidase Complex (ABC) technique was
used to determine p53 protein expression and localization
in ovarian tissue. The sections were deparaffinised,
rehydrated, and washed in phosphate buffer solution
(PBS), respectively. They were incubated in 3% H,O, to
avoid endogenous peroxidase activity in tissues. After
washing with PBS again, sections were rinsed in a citrate
buffer solution and put into a microwave oven for antigen
revival. Then, serum (10%, Ultra V Block, Fremont CA) for
10 minutes, the anti-p53 antibody concentration of 1/250
(Pab 1801, Santa Cruz, United States) for 1 hour, secondary
antibody (biotinylated goat anti rabbit, Ultravision, Lab
Vision, Fremont, CA) for 30 minutes, and streptavidin
peroxides (Lab Vision, CA) for 30 minutes were applied to
the sections, and the they were washed between each steps
with PBS three times every 5 minutes for a total duration
of 15 minutes. The Diaminobenzidine (DAB substrate,
Thermo, TA 125-HD) was used as a chromogen (17). The
slides were examined under light microscope (Olympus
BX43, Japan) after they were stained with hematoxylin as
a counterstain.
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TUNEL Analysis

The sections were deparaffinised and incubated with
proteinase K. The TUNEL analysis was performed
according to the company guidelines (TUNEL Apoptosis
Assay Kit, Elabscience-Cat No: E-CK-A331). At the end of
this process, slides were observed under light microscope
(Olympus BX43, Japan), and obtained images using
cellSens program to analysis.

Biochemical Analysis

Superoxide radicals were formed when xanthine was
converted to uric acid by the xanthine oxidase enzyme. The
superoxide radicals reacted with nitro blue tetrazolium,
and then form blue formazan dye. The SOD activity was
measured by using a spectrophotometer (18). The Aebi’s
method was used for the CAT activity measurement in
ovarian tissue. This method is based on measuring the
time-dependent decrease in absorbance of H,O, at 240
nm in the tissue homogenate (19). PTEN, PI3K, Akt and
mTOR were analysed by using ELISA test kits (PTEN,
Cat No: E1081Ra; PI3K, Cat No: E0438Ra; Akt, Cat No:
E0201Ra; mTOR, Cat No: E2096Ra, Bioassay Technology
Laboratory, China). The easy-to-use microplate, controls,
conjugate, dilution buffer, substrate and stop solution
were used for ELISA analysis.

Real-Time PCR Analysis

Ovarian tissues were taken for PCR analysis and placed
at -80 °C. Total RNA was isolated by using EcoPURE
Total RNA kit (EcoTech Biotechnology, Erzurum,
Turkiye), which was used in keeping with the instruction
specified by the company. We analysed the p53 and
TNF-a expression with Real-Time PCR. Their mRNA

ISCHEMIA
300HP

CONTROL

expression was quantitatively determined by real-time
PCR. Amplification and quantification were done on the
StepOne Plus Real Time PCR System.

Statistical Analysis

In this study, biochemical, ELISA and Real-Time PCR
results were statistically compared between groups. The
significant differences of biochemical and ELISA results
were determined by using One-way ANOVA (SPSS, IBM
Corp., Armonk, NY, USA). RT-PCR data were analysed
with Origin Pro Lab 8.5 data analysis and graphing
software. The significant difference between groups was
accepted if the P value is <0.5.

Results

Histological, Immunohistochemical and TUNEL Results
When ovarian tissues stained with H&E were examined,
degeneration of follicles was detected in all groups except
the control group. Among the groups with degeneration in
their follicles, the least degeneration was observed in that
of the group VII allowed reperfusion and treated with 600
mg/kg H. perforatum after the ischemia (Figure 1A). In the
TUNEL staining, apoptosis was seen in the follicle cells in
all groups. While the degree of apoptosis in the groups I
and VII was lower than that of other groups, the degree
of apoptosis in the groups II and V was higher than that
of other groups (Figure 1B). In the immunohistochemical
examination, it was not observed any difference among
groups in terms of p53 immunoreactivity (Figure 1C).

Biochemical Results
Regarding GSH and CAT activity, a significant difference
was determined between the groups in ovarian tissue

ISCHEMIA
600HP

Figure 1. A. H&E staining (Curved arrow: follicle degeneration), A1-7, 20X. B. TUNEL staining (Thick arrow: TUNEL positive cells), B1, 20X; B2-3, 10X; B4, 20X;

B5, 10X; B6-7 20X. C. p-53 immunoreactivity, C1-7, 20X.
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(P<0.05) but the SOD and MDA did not reflect the
statistics difference between the groups. Group I had
the highest level of the CAT activity, and was different
statistically from group II, III, V and VI, but showed
similarities to group IV and VII (Figure 2). According
to the statistical analysis of ELISA data, we found an
important difference among the groups for PTEN, Akt,
and mTOR levels (P<0.05), but no difference between
the groups for PI3K levels (P>0.05). Group II had highest
PTEN level, and group V had the lowest PTEN level. The

Akt and mTOR levels in group VI was prominently lower
than that in group I (Figure 3).

Real-Time PCR Results

In the I/R group, TNF-a mRNA expression was statistically
greatest. The level of p53 mRNA expression level varied
statistically between the I/R and Ischemia 600HP groups.
The highest level of the TNF-a and the p53 mRNAs was
also found in the same group (group V) whose ovary had
ischemia and reperfusion (Figure 4).
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Figure 2. Comparison of SOD, GSH, MDA and CAT Between the Groups. Asterisk sign means P < 0.05.

SOD
18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000
0,000
Control Ischemia Ischemia Ischemia IR IfR300HP I/R GOOHP
300HP  GODHP
MDA
12,000
10,000
8,000
6,000
4,000
2,000
0,000
Control  lschemia  Ischemia  Ischemia IR I/R300HP I/R 6OOHP
300HP 600HP
- PTEN
o
10,000 -
9,000
8,000
7,000
6,000
4,000
3,000
2,000
1,000
0,000
Control  Ischemia Ischemia  Ischemia IR IYR300HP /R 6DOHP
300HP BOOHP
PI3K
18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000
0,000
Cortrol  Ischemia Ischemia Ischemia IR IR 300HP IfR 6OOHP

300HP G00HP

Akt
35,000 *
30,000
25,000
20,000
15,000
10,000
5,000
0,000
Control  Ischemia Ischemia  Ischemia IR IfR 300HP I/R 600OHP
300HP BOOHP
mTOR
400,000
350,000
300,000
250,000
200,000
150,000
100,000
50,000
0,000
Control  Ischemia Ischemia lschemia R I/R 300HP IfRGOOHP

300HP 600HP

Figure 3. Comparison of PTEN, PI3K, Akt and mTOR Between the Groups. Asterisk sign means P < 0.05.
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Figure 4. PCR Results of TNF-a (A) and p53 (B). Asterisk sign means P<0.05, 2**“, means fold changes.

Discussion

Ovarian torsion continues to be among the most severe
gynaecological health problems for women (20). During
torsion, the blood flow is blocked so oxygen and any other
component, which tissues need, cannot reach to the ovary
and waste products in tissues cannot be transported to
the blood flow from the ovary (21). All these events cause
ovarian ischemia, which requires emergency treatment,
and any delay in on its treatment results in oophorectomy
and also infertility (22). Because of the severe condition
in the torsion and detorsion, our aim was to investigate
the effect of H. perforatum on both experimental ischemia
and ischemia/reperfusion in rat ovarian tissue by using
histological and immunohistochemical techniques and
analysing p53, TNF-a, antioxidant enzymes, PTEN and
PI3K/Akt/mTOR pathway.

Many important organs such as brain, heart, lung,
kidney etc. can develop I/R and it may cause serious
damage in those organs. Recently, it is tried to reveal
the relationship between apoptosis and I/R. And it is
also known that follicular degeneration in ovary is seen
during I/R (23). Kirmizi et al (24) found that apoptotic
cells increased more in the I/R group. Our histological and
TUNEL results were similar to the previous studies (23,24)
in terms of results in the I/R group. From these results,
it was concluded that the reperfusion after ischemia had
done serious damage to the tissue and its cells. A previous
study determined that p53 immunoreactivity in control
group ovaries tissue was hardly observed but it was
observed in the ischemia group (25). We found that p53
immunoreactivity did not show a statistical difference
between groups. The duration of our study may be too
short to determine the p53 immunoreactivity difference
between the groups for p53 protein translation after p53
mRNA transcription.

A study determined that CAT and SOD levels in ovarian
tissue were statistically lower in the I/R group, and the
MDA level was higher in the I/R group (26). In other
study, authors mentioned that SOD, CAT, and GSH levels
in ovarian tissue of the I/R group were lower than that of

the control group, and the MDA level in the I/R group was
found to be higher than that of the control group (27). In
the present study, CAT and GSH activity in ovarian tissue
decreased in the ischemia and I/R groups, but GSH and
CAT in I/R 600HP and Ischemia 600HP groups were
similar to the control group. It is considered that high
dose of H. perforatum supported antioxidant system via
CAT and GSH. Unlike the results of the abovementioned
studies (26,27), the present study found that the SOD level
and the increasing MDA levels did not reflect statistically
on results between the groups. Another study, in which
cardiac ischemia reperfusion was searched, reported that
mTOR and Akt values in I/R group were found higher
than that of the sham group (28). He et al (29) found that
PTEN was highly expressed after I/R when they studied
on human cardiomyocyte. In our study, PTEN, Akt and
mTOR levels showed the significant difference between
groups but not PI3K level (P>0.05). PTEN had the highest
level in the ischemia group, and H. perforatum decreased
PTEN levels in both doses. The Akt and mTOR levels in
the control group were higher than that in I/R 300HP.
The protection effect of H. perforatum against I/R may be
mainly achieved through the PTEN, and also PI3K/Akt/
mTOR pathway because of relationship between PTEN
and PI3K.

Previous studies on renal (30) and ovarian (31,32)
ischemia reperfusion declared that TNF-a and p53 mRNA
expression levels were found to be the highest in the I/R
group. Similarly, in accordance with our results, TNF-a
and p53 mRNA expression values were the highest in
the I/R group. We considered that I/R looked like more
harmful than ischemia on tissue, and H. perforatum
reduced the level of its damage. We also considered that
H. perforatum suppressed the TNF-a and p53 expression
and also inflammation in the ovary.

Conclusions

The result of the present study showed that H. perforatum
decreased the degeneration in the tissue, increased CAT
and GSH levels, and also had an effect in decreasing TNF-a
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and p53 mRNA expressions levels in the I/R groups.
We suggest that H. perforatum can be considered as an
agent to protect against tissue damage during ischemia
reperfusion, but it is important that H. perforatum should
be investigated in detail, may be in terms of its adverse
effect, so further research and clinical practice on H.
perforatum are necessary.

Limitaions of the study

Despite revealing the healing effects of H. perforatum on ischemia
and I/R, the study has several limitations. The most significant
limitation is the lack of adequate laboratory resources to isolate and
identify all the molecules of H. perforatum, which would allow us
to determine the specific molecule or molecules that play a key role
during ischemia and I/R. Identifying these key molecules could lead
to more precise results. Additionally, the study is limited by the use
of a small number of subjects in animal model studies due to ethical
regulations governing animal experimentation. Furthermore, the
project’s insufficient budget prevented the comprehensive analysis
of all the molecules investigated in the study, both through PCR and
immunohistochemistry..

Directions for Future Research

In this study, we investigated the effects of H. perforatum during
ischemia and I/R in the ovaries of animal models, but it is essential
to conduct similar studies in human models. This is a crucial step for
advancing research and clinical practice involving H. perforatum.
Furthermore, while it is important to examine the potential adverse
effects of H. perforatum, an even more significant reason for future
research with H. perforatum is to isolate and study its individual
molecules to identify the key molecule or molecules involved in
its effects, and then conduct further research with these isolated
molecules.
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