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Abstract

Background and Objective: Rilmenidine is an antihypertensive drug with sympatholytic properties as well as antioxidative and
anti-inflammatory properties. To investigate the biochemical and histopathological effects of Rilmenidine on Ovarian Ischemia-
Reperfusion (I/R) injury in a rat model, this study aims to determine its potential protective role against oxidative stress and
tissue damage associated with ovarian IR injury. Materials and Methods: The 24 albino Wistar female rats were divided into four groups:
Healthy (HG), sham-operation (SOG), ovarian ischemia-reperfusion (OIRG) and Rilmenidine+ovarian ischemia-reperfusion (ROIRG). Ovaries
in SOG, OIRG and ROIRG groups were exposed to ischemia for three hrs, followed by reperfusion for 6 days. The ROIRG rats were treated
with Rilmenidine (0.2 mg/kg) daily for 6 days before ischemia. The ovaries were analyzed for oxidant, antioxidant and proinflammatory
cytokines and examined histopathologically. Statistical analysis was performed using one-way ANOVA and Kruskal-Wallis tests (p<0.05).
Results: The IR procedure increased tissue malondialdehyde, tumor necrosis factor-a, interleukin-6 and interleukin-1B levels and
decreased total glutathione, superoxide dismutase and catalase levels (p<0.001). Severe histopathologic damage and 8-hydroxy-20-
deoxyguanosineimmunopositivity were also observed in ovarian tissues of OIRG (p<0.001). Rilmenidine inhibited IR-related biochemical,
histopathological and immunohistochemical abnormalities (p<0.05). Conclusion: Rilmenidine may be an efficient therapeutic strategy
for the protection from ovarian IR injury.
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INTRODUCTION

Rilmenidine is one of the first discovered second-
generation central sympatholytic’. This orally active drug is a
selective |, imidazoline/a,-adrenoceptor agonist?. With a
high safety and tolerability profile, Rilmenidine is a highly
effective antihypertensive'. The use of imidazoline receptor
agonists, including Rilmenidine, is recommended, especially
in resistant hypertension?. Rilmenidine reduces sympathetic
overactivity by activating |, imidazoline receptors in the
rostral ventrolateral medulla oblongata and shows an
antihypertensive effect by inhibiting Na*/H* antiport in the
kidney3#. It also regulates sympathetic activity by activating
o, adrenergic receptors and modulates inflammation-
associated processes by decreasing norepinephrine release®.
Some studies have reported that Rilmenidine reduces the
production of Tumor Necrosis Factor-a (TNF-a) and
Interleukin-6 (IL-6) and increases the neurotransmitter
gamma-aminobutyric acid®. In addition, Rilmenidine has also
been reported to have the ability to regulate the autophagy
mechanism that removes and recycles damaged or
dysfunctional components of cells’2. Previous studies indicate
that Rilmenidine can inhibit oxidative damage in various
tissues to dose-varying degrees. High doses of Rilmenidine
have been reported to reduce the overproduction of
malondialdehyde (MDA), an indicator of oxidative damage>.
Furthermore, Salman et a/’ have pointed out that Rilmenidine
reduces oxidative damage in uterine tissue. Rilmenidine has
been reported to reduce microalbuminuria through its
effects on glucose regulation, indirectly preventing lipid
peroxidation (LPO) increase and alleviating oxidative stress'®.
Ischemia-reperfusion (IR) injury is a complex abnormal
process that begins with the deprivation of oxygen to
tissues, progresses with the generation of reactive oxygen
species (ROS) and evolves into inflammatory reactions''. The
ROS that induces oxidative stress also reacts with
Deoxyribonucleic Acid (DNA) and causes oxidative DNA
damage'. The DNA is mutated if this change cannot be
repaired. The 8-hydroxy-20-Deoxyguanosine (8-OHdG) is an
oxidized form of DNA™. Detorsion procedures are used to
restore blood flow to twisted and ischemic ovariesin the clinic,
which can result in ovarian IR damage'. It is believed that
excessive amounts of molecular oxygen is supplied to the
tissues during detorsion, as well as excessive amounts of
ROS™. In addition to oxidative stress, proinflammatory
cytokines such as Interleukin-1p (IL-1B), TNF-a and nuclear
factor-kappa-p have been implicated in the mechanism of IR
injury's. This information in the literature supports the idea
that Rilmenidine may help to protect the ovaries from IR injury.
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There were no previous trials in which Rilmenidine was tested
against ovarian IR damage and this trial was designed to
evaluate the protective effect of Rilmenidine against ovarian
IR damage in rats.

MATERIALS AND METHODS

Study area: The experimental steps of this research were
carried out in the Laboratories of the Experimental Animals
Application and Research Centre of Erzincan Binali Yildirim
University in September, 2024.

Animals’ collection: A total of 24 female albino Wistar rats
(260-275 g) were purchased from Erzincan Binali Yildinm
University Experimental Animal Research and Application
Center. From one week before the experiment, the animals
were housed at 22+2°C with a 12 hrs automatic lighting
system and fed ad /ibitum.

Ethical approval: The experimental procedure was confirmed
by the local Animal Experiments Ethics Committee of Erzincan
Binali Yildirim University (Date: 25.07.2024, No: 21).

Chemicals: Rilmenidine was obtained from Servier
Pharmaceuticals, France, ketamine from Pfizer
Pharmaceuticals Ltd. Sti, Turkey and sevoflurane from
AbbVie Trade Co., Ltd., Turkey.

Groups: The albino Wistar female rats used in the study were
divided into four groups: Healthy group (HG), sham operation
group (SOG), ovarian IR group (OIRG) and Rilmenidine+ovarian
IR group (ROIRG).

Experimental procedure: The IR procedure was administered
to the animals in an appropriate laboratory environment
under sterile conditions. A dose of 60 mg/kg ketamine was
given intraperitoneally (i.p.) and sevoflurane was sniffed at
proper intervals to anesthetize the animals. A surgical
intervention was performed during anesthesia while the
animals were immobilized in the supine position™. In rat
groups other than HG, a 2-3 ¢cm long vertical incision was
madein the lowerabdomen under anesthesia and the ovaries
were reached. Surgical thread was used to close the incision
without treating the ovaries of the SOG group (n = 6). The
right ovaries, fallopian tubes and vascular tissues of the rats in
the OIRG (n =6) and ROIRG (n = 6) were rotated clockwise one
full turn, the tissues were fixed with a clamp and a 3 hrs
ischemia period was induced. Then 3 hrs later, the clamps
were unlocked, the ovaries deterioration and returned to
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their normal position and reperfusion continued for 6 days.
One hour before the application of anesthesia for surgical
procedures, Rilmenidine was applied to the ROIRG at a dose of
0.2 mg/kg by oral gavage®. At this stage, HG (n = 6), SOG and
OIRG rats were given equal volumes of pure water orally. For
6 days, Rilmenidine and pure water were given once per
day. On the 7th day, all animals were sacrificed under
high doses of ketamine (120 mg/kg, i.p.) anesthesia and
their right ovaries were taken. The removed ovarian tissues
were analyzed for MDA, Total Glutathione (tGSH), superoxide
dismutase (SOD), catalase (CAT), TNF-a, IL-1B and IL-6 levels.
The tissues were also examined histopathologically and
immunohistochemically.

Biochemical analysis

Preparation of samples: After the weights of the samples
were measured, the ovaries were cut, flash-frozen with
liquid nitrogen and homogenized with a mortar and pestle.
They were vortexed for 10 sec using phosphate-buffered
saline (PBS) (pH 7.4), 1/10 (w/v), centrifuged at 10000 rpm for
20 min and the supernatants were collected. Samples were
stored at -80°C until analysis.

Tissue MDA, GSH, SOD, CAT, TNF-a, IL-1B and IL-6 and
protein analysis: The MDA, GSH and SOD analysis in tissues
were performed with rat Enzyme-Linked Immunosorbent
Assay (ELISA) kits following the kit instructions
(product numbers 10009055, 703002 and 706002, Cayman
Chemical Company, respectively). The CAT was determined
according to the method recommended by Goth'®. The levels
of TNF-a (ng/mg protein), IL-18 (pg/mg protein) and IL-6
(ng/mg protein) were analyzed using kits purchased by
Eastbiopharm Co. Ltd., ELISA, China. Determination of tissue
protein levels was measured as described by Bradford ™.

Histopathologic method: During necropsy, the ovarian
tissues were kept in a 10% formalin. The ovaries were
processed through a routine alcohol-xylol step and paraffin
blocks were obtained. Sections of 5 u on poly-lysine slides
were stained with Hematoxylin and Eosin (H&E) and graded
semi-quantitatively as (0) Absent, (1) Mild, (2) Moderate and
(3) Severe in terms of stromal hemorrhage, follicular
hemorrhage and congestion in 6 different random areas.

Immunohistochemical method: Sections (5 um) on polylysine
slides were treated with xylol and alcohol. They were washed
with PBS and endogenous peroxidase was inactivated with
hydrogen peroxide (3%, 10 min). It was treated with antigen
retrieval solution at 500 watts for 2X5 min. Tissues were

183

washed with PBS and incubated with 8-OhdG (Santa Cruz,
Cat. No. sc-66036) primary antibody (1/200, +4°C). The HRP
(Thermo Fisher, Cat. No: TP-125-HL) was used as a secondary
antibody in compliance with the manufacturer’s directions.
The chromogen used was 3,3 -diaminobenzidine. Tissues
were counterstained with Mayer's hematoxylin, covered and
slipped with entellan and examined by light microscopy.
Immunopositivity was scored semi-quantitatively as
(0) Absent, (1) Mild, (2) Moderate and (3) Severe.

Statistical analysis: The SPSS for Windows, 22.0' statistical
program was used for all statistical evaluations. Numerical
data were given as "MeanzStandard Deviation” (3£SD).
Normality of distribution was assessed by Shapiro Wilk and
homogeneity of variance by Levene’s test. According to the
results of the tests, a one-way ANOVA test was used to
evaluate the significance level of the difference between the
groups and Tukey's or Games Howell's tests were preferred as
post hoc. Ordinal data were assessed by Kruskal-Wallis test
followed by Dunn’s test?®. Ordinal data were seen as
median (minimum-maximum). Subsequently, Tukey HSD was
performed. The p<0.05 was accepted as significant.

RESULTS

MDA, tGSH, SOD and CAT analysis results: In Table 1, MDA
amounts were greater (p<0.001) and tGSH amounts were
less (p<0.001) in the ovaries of the OIRG compared to the HG
and SOG. Rilmenidine treatment suppressed the IR-related
elevation of MDA and reduction of tGSH (p<0.001). The MDA
and tGSH levels in the ROIRG were close to those in the SG
(p>0.05).

The SOD and CAT activities were lower in the OIRG
according to HG and SOG (p<0.05). Rilmenidine inhibited the
IR-related decrease in SOD and CAT activities significantly
(p<0.001). The SOD and CAT activities in the ovaries of
Rilmenidine-treated animals were close to those of the SOG
(p>0.05, Table 1).

TNF-q, IL-1B and IL-6 analysis results: IR surgery increased
TNF-a, IL-1B and IL-6 levels in ovarian tissue compared to the
HG and SOG (p<0.05). The levels of TNF-a, IL-18 and IL-6 in
Rilmenidine-treated rats were lower than those in the OIRG
(p<0.001). The Rilmenidine and sham groups were similar in
terms of pro-inflammatory cytokine levels (p>0.05) (Table 1).

Histopathologic findings: The histopathological results
were presented in Table 2. The table presents histopathologic
and immunohistochemical findings across four groups
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Fig. 1(a-d): Histological appearance of ovarian tissues of the experimental groups, (a) Normal histological appearance of the HG
Corpus luteum (asterisk), primary follicle (thin arrow), secondary follicle (thick arrow) H&E, (b) Appearance of stromal
hemorrhage (arrow) and follicular hemorrhage (thin arrow) in SOG (H&E), (c) Stromal hemorrhage (arrow), edema
(asterisk) and hemorrhage in follicular granulosa cells (thin arrow) in the OIRG (H&E) and (d) Appearance of stromal

hemorrhage (arrow), edema (asterisk) and follicular hemorrhage (square) in ROIRG (H&E)
HG: Healthy group, SOG: Sham operation group, OIRG: Ovarian IR group, ROIRG: Rilmenidine+ovarian IR group

Table 1: Effect of Rilmenidine on oxidant, antioxidant and proinflammatory cytokines in ovarian ischemia reperfusion model

Group
HG (n=6) SOG (n=6) OIRG (n=6) ROIRG (n=6)

Biochemical parameter Mean = Standard Deviation F/p-values
MDA 4.57£0.24* 5.38+0.34* 7.56+0.22 5.26£0.30%** 150.849/<0.001
tGSH 6.23+0.17*% 5.36+0.38*% 3.38+0.18 5.26+£0.37%** 99.131/<0.001
SOD 8.631+0.20* 7.50%0.34* 4.48+0.25 7.39£0.27*** 259.896/<0.001
CAT 6.45+0.22*% 5.22+0.20% 3.48+0.27 5.34£0.16%** 191.088/<0.001
TNF-o 3.30£0.15* 4.61+0.45* 6.681+0.11 4.52+0.28%** 149.821/<0.001
IL-1B8 2.77%£017* 3.80£0.09% 5.23%0.28 3.83£0.25%** 136.975/<0.001
IL-6 2.23+0.13* 3.29£0.39* 491%0.19 3.35£0.56*** 56.329/<0.001

*p<0.05 vs OIR, **p>0.05 vs SOG, MDA: Malondialdehyde, tGSH: Total glutathione, SOD: Superoxide dismutase, CAT: Catalase, TNF-a:: Tumor Necrosis Factor-Alpha,
IL-1B: Interleukin 1B, IL-6: Interleukin-6, HG: Healthy group, SOG: Sham operation group, OIRG: Ovarian IR group, ROIRG: Rilmenidine+ovarian IR group and statistical

analysis was done with one way ANOVA/Tukey’s HSD or Games-Howell tests

(HG, SOG, OIRG and ROIRG). Significant differences are
observed in stromal hemorrhage, follicular hemorrhage,
congestion and 8-OHdG levels, with the OIRG group showing
the highest median values (3), while the HG group has the
lowest (0). The differences between groups are statistically
significant (p<0.001 for all parameters). Groups with similar
values are marked with asterisks (*) and double asterisks (**)
for clarity.

In histopathologic examinations, the ovarian tissues of
SGrats had anormal histologicappearance (Fig. 1a). Moderate
stromal and follicular hemorrhage was observed in the ovary
of the SOG (Fig. 1b). Severe stromal and follicular hemorrhage
was determined in the ovary of the OIR (Fig. 1c). However, the
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severity of stromal and follicular hemorrhage in the ovaries of
the ROIR was moderate (Fig. 1d).

Immunohistochemical findings: The results of
immunohistochemical analysis are illustrated in Table 2. As
seen in Fig. 2a, no significant immunopositivity was seen in
the ovaries of the HG in staining performed for 8-OhdG.
Moderate 8-OhdG immunopositivity was observed in the
stroma, corpus luteum and follicles of SOG (Fig. 2b) and OIRG
(Fig. 2c) group ovarian tissues. However, severe 8-OhdG
immunopositivity was observed in the stroma, corpus luteum
and zona granulosa cells of the follicles of IR-applied ROIRG
group ovarian tissue (Fig. 2d).
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Fig. 2(a-d): 8-OHdG immunopositivity in ovarian tissues of experimental groups, (a) 8-OHdG immune negativity appearance of
the HG, (b) Moderate 8-OHdG immunopositivity in corpus luteum (asterisk), stroma (arrow) and follicles (square) of
SOG group, (c) Severe 8-8-OHdG immunopositivity in the corpus luteum (star), stroma (arrow) and follicles (square)
of the OIRG group and (d) Moderate 8-OHdG immunopositivity in corpus luteum (star), stroma (arrow) and follicles

(arrowhead) of ROIRG group

HG:Healthy group, SOG: Sham operation group, OIRG: Ovarian IR group, ROIRG: Rilmenidine+ovarian IR group and OHdG: 8-hydroxy-20-deoxyguanosine

Table 2: Effect of Rilmenidine on histopathological damage and 8-OHdG immunopositivity in ovarian ischemia-reperfusion model

Group

HG (n=6) SOG (n=6) OIRG (n=6) ROIRG (n=6)
Parameter Median (minimum-maximum) H/p-values
Histopathologic
Stromal hemorrhage 0(0-1)* 2(1-2)% 3(2-3 2 (1-3)%** 118.449/<0.001
Follicular hemorrhage 0 (0-1)* 2(1-2)* 3(2-3 2 (2-3)%** 124.902/<0.001
Congestion 0(0-1)* 2(1-2)* 3(2-3 2 (1-3)*** 118.887/<0.001
Immunohistochemical
8-OHdG 0(0-1)* 2(1-3)* 3(2-3) 2 (0-3)*** 112.561/<0.001

Histopathological grading, 0: Absent, 1: Mild damage, 2: Moderate damage, 3: Severe damage, *p<0.05 vs OIR, **p>0.05 vs SOG, 8-OHdG: 8-hydroxy-20-deoxyguanosine,
HG: Healthy group, SOG: Sham operation group, OIRG: Ovarian IR group, ROIRG: Rilmenidine+ovarian IR group, statistical analysis was done with Kruskal Walli's test-

Dunn’s test and OHdG: 8-hydroxy-20-deoxyguanosine

DISCUSSION

A biochemical, histopathological and
immunohistochemical investigation was conducted in this
study to assess the protective effects of Rilmenidine against
ovarian IR injury in rats. As mentioned above, IR injury begins
by depriving the tissue of oxygen and progresses with the
production of ROS'. The ROS, also called reperfusion products,
oxidize lipids in cell membranes, producing toxic products like
MDA [tisimportant to note that the MDA produced by the
LPOreactionisitselftoxicand may cause further destruction?.
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There is a wide use of MDA as an indicator of oxidative status
and an increase in MDA in the ovaries indicates an increase in
ROS?'. From biochemical results, it is evident that the MDA
level was significantly increased in the ovarian tissues of
animals treated with IR. Oxidative stress developed in the
ovarian tissue of animals subjected to IR, according to the
literature. Likewise, Ingec et a/% saw that rats subjected to IR
had significantly higher levels of MDA in the ovaries. It was
reported by Barghi et a/' that plasma MDA levels increased
following ovarian IR injury induced by torsion and detorsion
methods.
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Oxidative stress is evaluated not only by measuring levels
of MDA but also by measuring antioxidant levels. As a result of
various damage models created in living tissues, the balance
between oxidants and antioxidants changes in favor of
oxidants, while antioxidant levels decrease?*. It was found
thatin this study, consistent with the information found in the
literature, the levels of tGSH, SOD and CAT decreased as the
MDA level in ovaries increased. Refaie et a/* found that
histopathologic damage to ovarian tissue following IR was
associated with GSH depletion. According to another study,
exogenous GSH administration may be effective in preventing
IR-induced tissue damage, oxidative stress and ovarian reserve
loss in rats?. The antioxidant GSH is an essential component
of mammalian cells and can directly protect cells against ROS
and prooxidants?%,

In the study, reduced SOD and CAT activities were
observed in the ovaries of the IR group. Known to be an
endogenous free radical scavenger, SOD converts ROS into
hydrogen peroxide®. The CAT catalyzes the transformation of
hydrogen peroxide into water and molecular oxygen®. As
reported by Bozkurt et a/>' ovarian SOD and CAT activities
decreased with IR exposure. A study by Klein et a/*?
demonstrated the relevance of SOD levels in protecting
against IR injury. It has been documented that SOD and CAT
infusion has a protective effect on the myocardium against IR
injury in both hypothermic ischemia and normothermia,

It is well known that elevated generation of ROS in
organs and tissues upsets the oxidant/antioxidant balance in
the direction of the oxidants. As a result of the reaction
between overproduced ROS and DNA, 8-OHdG is formed in
cellular DNA as a mutant DNA derivative and is commonly
referred to as a biomarker of oxidative stress?'3* Based
on immunohistochemical results, severe 8-OHdG
immunopositivity was observed in the stroma, corpus luteum
and zona granulosa cells of follicles within the ovarian tissue
of IR-applied animals. This indicated that IR treatment caused
DNA oxidation in the ovarian tissue.

Increased ROS production in organs and tissues leads to
abnormal proinflammatory cytokine production. The ROS
triggers the LPO reaction in cells''. Feng et a/3>> reported that
LPO-induced oxidative stress exacerbates tissue damage by
accelerating the release of cytokinesin tissues. Mitochondrial-
derived ROS contribute to the production of IL-1B, IL-6 and
TNF-0%, As it can be seen from experimental findings, which
are consistent with the literature, the IR process elevated the
levels of proinflammatory cytokines in the ovaries. Cytokines
such as IL-1B, IL-6 and TNF-a produced by non-immune and
immune cells play a central role in inflammation?’. Previous
studies have shown histopathologically that excessive oxidant
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and cytokine production causes oxidative stress and
inflammatory damage in ovaries®, Biochemical results in the
healthy, sham operation and IR groups overlapped with the
histopathologic findings. In this study, significant
histopathologic damage was observed in the ovarian tissue of
the IR group with high levels of oxidant and proinflammatory
cytokines and low levels of antioxidants.

This study examined the impact of Rilmenidine on
IR-related ovarian injury. Current experimental results showed
that Rilmenidine significantly reduced the IR-related elevated
levels of oxidative and pro-inflammatory cytokines and the
reduction of antioxidants in ovarian tissue. Furthermore,
Rilmenidine significantly inhibited the deterioration of the
morphology of ovarian tissue. The results of studies suggest
that Rilmenidine has antioxidant properties and reduces the
effects of oxidative stress>. Besides its antioxidant properties,
there is also evidence that it inhibits the production of
proinflammatory cytokines®. The fact that Rilmenidine is an
antihypertensive drug was one of the key reasons why this
study investigated the protective effects of it against IR injury.
As it is well known, patients with hypertension who undergo
surgical intervention are at an increased risk of postoperative
morbidity and mortality®. Preoperative hypertension has been
shown to increase postoperative mortality by 3.8 times
compared with a normotensive patient®®*!, Therefore, it is
important to maintain normal blood pressure before and after
surgery.

It may be useful to measure total oxidant, total
antioxidant and anti-inflammatory cytokine levels to
understand the mechanism of Rilmenidine’s protective effect
against IR injury.

CONCLUSION

The IR caused an increase in oxidants and 8-OHdG, a DNA
damage product, inovarian tissue. In parallel with the increase
in oxidants, antioxidant levels decreased significantly. In
addition, proinflammatory cytokine levels increased in ovarian
tissue exposed to IR. Biochemical results were consistent
with histopathologic findings. Rilmenidine antagonized the
effects of IR on oxidants, 8-OHdG, proinflammatory cytokines
and antioxidants in the ovarian tissue. Furthermore, it was
histopathologically demonstrated that Rilmenidine protected
ovarian tissue from IR injury. Experimental results revealed
that Rilmenidine was effective in reducing the severity of
ovarian IRinjury in animals. The study results will contribute to
clinical trials in which Rilmenidine is used to protect the ovary
from ovarian IR injury.
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SIGNIFICANCE STATEMENT

This study highlights the potential of Rilmenidine as a

therapeutic agent in protecting the Ovaries from Ischemia-
Reperfusion (I/R) injury. By demonstrating both antioxidative
and anti-inflammatory effects, Rilmenidine offers a promising
approach to mitigate the tissue damage associated with IR-
induced ovarian dysfunction.
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