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Abstract
Background and Objective: Ischemia-reperfusion (IR) causes tissue damage by inducing oxidative stress and inflammation. In this study,
the protective ability of leflunomide, which is reputed to have antioxidant and anti-inflammatory effects, against IR-induced ovarian
damage in rats was researched. Materials and Methods: Twenty-four albino Wistar female rats were divided into 4 groups of six each:
Healthy (HG), sham-operated (SOG), ovarian IR (OIR) and leflunomide+ovarian IR (LOIR). One hour before the IR procedure, the LOIR group
received  10 mg/kg leflunomide orally. Ovaries of rats in OIR and LOIR groups were subjected to 3 hrs ischaemia and 6 hrs reperfusion.
For six days, leflunomide were implemented once a day. On day seven, the animals were euthanized and their ovaries were collected.
The tissues were examined biochemically and histopathologically. Results: Leflunomide treatment significantly suppressed IR-induced
rise in malondialdehyde (MDA), Tumor Necrosis Factor-Alpha (TNF-") and Interleukin 6 (IL-6) and the decline in Total Glutathione (tGSH),
superoxide dismutase (SOD) and catalase (CAT) (p<0.001). Severe stromal hemorrhage, edema and follicular hemorrhage were noted in
the  ovaries  of  the   IR   group.  Leflunomide  treatment  significantly  prevented  IR-induced  ovarian  tissue  damage (p<0.05).
Conclusion: Leflunomide could protect the ovaries with antioxidant and anti-inflammatory activity in ovarian IR injury.
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INTRODUCTION

Ischemia  results  from  a  restriction  or  total  blockage  of
the blood supply to tissues or organs. It results in the
deficiency or complete absence of oxygen and other nutrients
in organs and tissues1. The delay in reperfusion of an ischemic
area results in irreversible damage to organs and tissues. Thus,
the first step in ischemic tissue treatment is to restore
reperfusion2. The reperfusion of ischemic tissue, however,
exacerbates ischemic tissue damage by inducing oxidative
stress and inflammatory responses3. It is well-recognized that
xanthine oxidase (XO) cannot convert hypoxanthine to
xanthine in ischemic tissue (in the absence of oxygen).
Therefore, XO and hypoxanthine accumulate in ischemic
tissues  excessively.  When  ischemic  tissue  is  reoxygenated
by reperfusion, XO accumulated in the tissue converts
hypoxanthine to xanthine, resulting in the overproduction of
reactive oxygen radicals (ROS)4. By oxidizing lipids in the cell
membrane (LPO), ROS, also known as reperfusion mediator,
produces toxic products such as malondialdehyde5. Moreover,
reperfusion after ischemia (IR) results in oxidative and
inflammatory damage to organs and tissues, as it decreases
antioxidants and increases proinflammatory cytokines6,7. The
IR contributes to morbidity and mortality in several disease
states, including myocardial infarction, intestinal injury,
trauma, circulatory arrest and sleep apnea. It is also a
fundamental problem in organ transplantation and many
surgical procedures8. Clinically, ovarian IR injury is a condition
that occurs after the detorsion of ovaries that have been torn
for various reasons9. The literature indicates that late detection
and treatment of ovarian torsion can lead to severe ovarian
injury and infertility10. Based on the literature, it appears that
antioxidants and anti-inflammatory agents may be useful in
treating the pathogenesis of IR injuries.

The compound leflunomide (N-[4-trifluoromethylphenyl]-
methylisoxazole-4-carboxamide; HWA 486) tested against
ovarian  IR  injury  belongs  to  the  malononitrile  amide
family11.      As      a      Disease-Modifying      Antirheumatic
Drug (DMARD), leflunomide is approved by the FDA for the
treatment of individuals with rheumatoid arthritis, exhibiting
anti-inflammatory     and     immunomodulatory    properties12.
Leflunomide has a broad spectrum of antiviral action and is
used to treat rheumatoid arthritis, lupus nephritis, primary
Sjögren's syndrome, psoriatic arthritis, granulomatosis, giant
cell arteritis and Takayasu arteritis11. In addition, leflunomide
is preferred for the treatment of rheumatic diseases prevalent
in women of childbearing age13. The antirheumatic activity of
leflunomide   and    its    metabolites    has    been  reported  in

association with the inhibition of proinflammatory cytokines,
including Interleukin-1$ (IL-1$), Interleukin-6 (IL-6) and Tumor
Necrosis Factor-Alpha (TNF-")14. As a result of its antioxidant
properties, leflunomide has been reported to conserve
intestinal tissue from IR injury15. The literature on the impact
of leflunomide on IR injury is limited and leflunomide has not
previously been tested in ovarian IR injury. The purpose of this
trial was to evaluate the preventive effect of leflunomide on
IR-related ovarian injury in rats biochemically and
histopathologically.

MATERIALS AND METHODS

Study  area: The  experimental  procedures  of  this  study
were carried out in the laboratories of Experimental Animals
Application and Research Centre, Erzincan Binali Yildirim
University, Turkey in May, 2024.

Animals: In total, 24 albino Wistar rats (270-282 g) were
acquired from Medical Experimental Application and 
Research  Center, Erzincan Binali Yildirim University, Turkey. 
Rats   were  kept  in  groups  in  the  laboratory  with  22-23EC,
12 hrs light/dark  cycle  and  fed  without  restriction.  The 
protocols and applications were approved by the local Animal
Experimentation Ethics Committee (Date: 28.03.2024, meeting
no: 15/11).

Drugs: Leflunomide (20 mg tablets) was purchased from Abdi
¤brahim (Istanbul, Turkey) and ketamine (500 mg/10 mL
solution for injection) from Pfizer (Istanbul, Turkey),
sevoflurane (250 mL inhalation solution) from Abbvie
(Istanbul, Turkey).

Animal groups: There were four groups of albino Wistar
female  rats  (n  =  6/each  group):  Healthy  (HG),  sham-
operated  (SOG),  ovarian  IR  (OIR)  and  leflunomide+ovarian
IR (LOIR).

Experimental  procedure:  The  LOIR  rats  received
leflunomide (10 mg/kg) orally 1 hr before anesthesia. In both
the HG, SOG and OIR groups, pure water was administered in
equal volumes via the same method. Ketamine (60 mg/kg)
was administered intraperitoneally (i.p.) and sevoflurane was
sniffed at appropriate intervals to anesthetize the animals.
Surgical operations were conducted under anaesthesia while
the rats remained supine and immobile16. A 2-2.5 cm long
vertical  opening  was  formed  in  the lower abdomen of SOG,
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OIR and LOIR groups to allow access to the ovaries to perform
surgical procedures. In the SOG group, the ovaries were
sutured with surgical thread without any procedure being
administered. The right ovaries, fallopian tubes and
vasculature  of  OIR  and  LOIR  rats  were  torsion  clockwise
360 degrees and the ovaries were ischemic for 3 hrs using
atraumatic clamps. A six-day detorsion and reperfusion
procedure followed the removal of the clamps at the end of
this period. For six days, leflunomide and pure water were
administered  once  a  day.  On  the  seventh  day,  all  animals
were sacrificed with ketamine (120 mg/kg, i.p.) and their
ovaries were collected. Malondialdehyde (MDA), Total
Glutathione   (tGSH),    superoxide    dismutase    (SOD),
catalase (CAT), TNF-", IL-1$ and IL-6 levels were determined in
the excised ovarian tissues. Histopathological assessments
were also conducted on the tissues. The biochemical and
histopathological results obtained from all groups were
compared and evaluated.

Biochemical analysis
MDA,  GSH,  SOD,  CAT  and  protein  analysis:  To  measure
MDA  (product  no:  706002),  GSH  (product no: 703002) and
SOD (product no: 10009055), Enzyme-Linked Immunosorbent
Assay (ELISA) kits were used and kit instructions were
respected for each assay (Cayman Chemical Company, Ann
Arbor, Michigan, USA). The CAT was assayed using the
technique proposed by Goth17. A spectrophotometric
determination of protein at 595 nm was performed in
accordance with the method of Bradford18.

TNF-", IL-1$ and IL-6 analysis: The TNF-", IL-1$ and IL-6
levels were detected using Eastbiopharm Co. Ltd., ELISA rat
kits (Hangzhou, Zhejiang, China) and kit instructions were
respected for each assay.

Histopathologic method: The ovarian tissues were preserved
in 10% formaldehyde following necropsy. The tissues were
followed  by  alcohol-xylol  and  embedded  in  paraffin.
Sections (5 µ) were colored with Hematoxylin and Eosin (H&E)
and evaluated  semi-quantitatively  as  absent  (0),  mild  (1),
moderate (2) and severe (3) in terms of stromal hemorrhage,
follicular hemorrhage, follicular degeneration and congestion
in 6 different random areas.

Statistical analysis: All statistical procedures were done with
the statistical program “SPSS for Windows, 22.0". The
biochemical results were analyzed using one-way ANOVA
followed   by    Tukey’s   test.   The   data   were   expressed  as

“Mean±Standard Deviation” (X)±SD). The histopathologic

results were analyzed with Kruskal-Wallis test followed by
Mann-Whitney U test. The data were shown as median
(quartile 1-quartile 3). The p<0.05 was regarded as statistical
significance.

RESULTS

MDA,  tGSH,  SOD  and  CAT  analysis  results  in  ovarian
tissues:  The  MDA  amount  in  ovarian  rats  that  underwent
IR procedures (3.54±0.27) was higher than those of healthy
(1.53±0.20) and sham-operated (1.61±0.25) rats (p<0.001).
Leflunomide  pretreatment inhibited IR-induced MDA increase
(p<0.001). There was a resemblance between HG, SOG and
LOIR (1.74±0.21) in terms of MDA data (p>0.05) (Fig. 1a).

As can be seen in Fig. 1(b-d), the increase in oxidants was
accompanied by a decrease in antioxidants in the OIR group.
The tGSH, SOD and CAT levels in the OIR ovaries (2.36±0.13,
3.18±0.12, 2.29±0.24, respectively) were noted to be
decreased compared to the HG (4.56±0.17, 5.44±0.18,
4.68±0.12, respectively) and SOG (4.54±0.11, 5.33±0.17,
4.46±0.20, respectively) groups (p<0.001). Leflunomide
significantly reduced IR-induced antioxidant decrease
(p<0.001). The HG, SOG and LOIR data (4.34±0.12, 5.22±0.16,
4.41±0.17, respectively) were found to be similar in terms of
SOD and CAT activities (p>0.05).

TNF-", IL-1$ and IL-6 analysis results in ovarian tissues: The
TNF-", IL-1$ and IL-6 levels were found to be increased only in
the group that underwent IR procedure (4.84±0.08,
4.38±0.17, 5.88±0.10, respectively) compared to the healthy
(2.65±0.17, 2.27±0.17, 3.36±0.24, respectively) and sham-
operated (2.79±0.18, 2.43±0.17, 3.49±0.33, respectively)
groups (p<0.001). Leflunomide pretreatment was noted to
prevent  this  IR-induced  increase  (p<0.001).  Furthermore,
TNF-", IL-1$ and IL-6 levels in the HG, SOG and LOIR
(2.78±0.25, 2.33±0.59, 3.51±0.33, respectively) groups were
observed to be similar (p>0.05) (Fig. 2a-c).

Histopathologic  evaluation:  As  illustrated  in  Table 1 and
Fig. 3a, the ovarian sections of the HG group had a normal
histological appearance. In the sham operation group, no
abnormality  was  found  except  mild  stromal  hemorrhage
(Fig. 3b). Severe stromal hemorrhage, edema and follicular
hemorrhage  were  noted  in  the  ovaries  of  the  IR  group
(Fig.  3c).   Leflunomide   treatment   significantly  prevented
IR-induced ovarian tissue damage (p<0.05). Only mild stromal
hemorrhage was observed in the LOIR group (Fig. 3d).
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Fig. 1(a-d): Oxidant and antioxidant levels in ovarian tissues
Bars show Mean±Standard Deviation, n = 6, *p<0.001 vs OIR, SOG, **p>0.05 vs HG, MDA: Malondialdehyde, tGSH: Total Glutathione, SOD: Superoxide
dismutase, CAT: Catalase, HG: Healthy group, SOG: Sham-operated group, OIR: Ovarian IR and LOIR: Leflunomide+ovarian IR

Fig. 2(a-c): Proinflammatory cytokine levels in ovarian tissues
Bars show  Mean±Standard  Deviation, n  =  6,  *p<0.001  vs  OIR,  SOG,  **p>0.05  vs  HG,  TNF-":  Tumor  Necrosis  Factor-Alpha,  IL-1$:  Interleukin-1$,
IL-6: Interleukin-6, HG: Healthy group, SOG: Sham-operated group, OIR: Ovarian IR and LOIR: Leflunomide+ovarian IR
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Fig. 3(a-d): Histopathological  appearances  of  ovarian  tissues  obtained  from  the  study  groups, (a) HG, (b) SOG,  (c) OIR and
(d) LOIR group
(a)  n  =  6,  Normal  histological  appearance.  Corpus  luteum  (star),  Primary  follicle  (thin  arrow),  Secondary  follicle  (thick  arrow)  view  (H&E  ×10),
(b) n = 6, Appearance of mild stromal hemorrhage (arrow) (H&E ×10), (c) n = 6, Severe stromal hemorrhage (arrow), edema (asterisk) and follicular
hemorrhage   (square)   appearance   (H&E   ×10),   (d)   n   =   6,  Appearance  of  mild  stromal  hemorrhage  (arrow)  (H&E  ×20),  HG:  Healthy group,
SOG:  Sham-operated group, OIR: Ovarian IR and LOIR: Leflunomide+ovarian IR

Table 1: Histopathological grading analysis results of ovarian tissues
Median (quartile 1-quartile 3)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Groups (n = 6/each group) Stromal haemorrhage Follicular haemorrhage Follicular degeneration Congestion
HG 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
SOG 0.5 (0-1) 0 (0-0) 0 (0-0) 3 (3-3)
OIR 3 (2-3)* 3 (2-3)* 0 (0-0) 3 (2-3)*
LOIR 1 (0-1) 0 (0-0)** 0 (0-0) 0 (0-0)**
Histopathological grading: 0: Absent, 1: Mild damage, 2: Moderate damage, 3: Severe damage, *p<0.001 vs HG, SOG and LOIR, **p>0.05 vs HG and SOG, HG: Healthy
group, SOG: Sham-operated group, OIR: Ovarian IR, LOIR: Leflunomide+ovarian IR and statistical analysis was performed by Kruskal Wallis and Mann-Whitney U test

DISCUSSION

Clinically, ovarian torsion is most often seen in women of
reproductive age. In the past, ovarian resection was the
treatment of choice, however, the current approach
recommends detorsion of torsion ovaries19. Reperfusion of
ovarian tissues exposed to ischemia by torsion may, however,
result in increased tissue damage. According to the literature,
tissue damage resulting from ovarian IR has been attributed to
oxidative and inflammatory processes20. Consequently, this
study investigated the protective effects of leflunomide, which
is an antioxidant and anti-inflammatory agent, against IR-
induced ovarian injury in rats14,15.

With reperfusion, molecular oxygen is abundantly
available to ischemic tissue, increasing ROS levels. Increased
radicals attack cell membranes and damage cell integrity with
LPO. As an important indicator of oxidative stress, MDA is a
toxic metabolite produced during LPO6,21,22. According to the
findings of this study, MDA amount in ovaries increased after

exposure to IR. According to Ulug et al.6, tissue MDA levels
increased  after  the  detorsion  of  torsion  ovaries.  By
contrast, this increase in MDA levels was significantly
suppressed in the ovaries of rats treated with leflunomide
prior to IR. No information on the effect of leflunomide on
oxidant and antioxidants in ovarian tissue was found in the
literature. A previous study by Karaman et al.23 investigated
the preventive effects of leflunomide on liver IR injury and it
was found that it prevented the increase in tissue MDA levels
and that it possessed radical scavenging properties.

It is well known that the cellular defense system against
oxidative damage is activated by increasing levels of
nonenzymatic compounds such as GSH and the activity of
enzymatic antioxidants such as SOD and CAT21. Based on
experimental findings, the increase in oxidants in the ovaries
of the IR group was accompanied by a decrease in tGSH levels.
In  living  tissues,  GSH  is  one  of  the  most  important  and
well-known antioxidants. In addition to detoxifying hydrogen
peroxide  and  organic  peroxides,  GSH  protect  cells  from the
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damaging effects of ROS9. The amount of GSH in tissues
exposed to IR has been shown to be decreased in previous
study of Dincer et al.21. Following IR, a decrease in SOD and
CAT activities was detected in ovarian tissues in the present
study. There is a cooperative relationship between these
antioxidants. The SOD converts the superoxide radical into the
less reactive hydrogen peroxide. The CAT catalyzes the
detoxification reaction in which hydrogen peroxide is
converted into water and oxygen24. Additionally, Çolak et al.24

observed a decline in antioxidants (GSH, SOD and CAT) in
ovarian tissues exposed to IR and this decrease was attributed
to excessive antioxidant consumption due to increased ROS
levels. The literature search did not identify any studies
investigating the impact of leflunomide on antioxidant
capacity in ovarian oxidative damage. However, leflunomide
was used in oxidative liver injury and reversed the IR-related
decline in SOD and CAT. The authors concluded that
leflunomide exerted its antioxidant properties by inhibiting
ROS production and/or by preventing neutrophil activation23.

There  is  evidence  that  an  elevated  oxidant  level
triggers inflammation in IR injuries6,24. Inflammatory events are
initiated by migrating leukocytes, inflammatory chemokines
and cytokines (such as TNF) to the site of tissue damage24. The
results of the current study were consistent with past reports
that found an increase in TNF-" levels in the ovaries of the IR
group6,20,24. An increase in ROS production leads to increased
transcription  of  various  proinflammatory  cytokines  such  as
IL-1$ and IL-6 along with TNF-" via stimulation of nuclear
factor kappa-B21. It has been reported in the literature that
prolonged overproduction of IL-1$ during an inflammatory
response  may  lead  to  tissue  damage  through  the
overactivation of immune cells25. In this study, IL-1$ and IL-6
levels were elevated in the IR group versus the healthy group,
supporting previous studies indicating a role for inflammation
in ovarian IR damage6,20,21. On the other hand, leflunomide
administered  before  the  IR  procedure  significantly inhibited
these increases in inflammatory markers. Recent evidence
supported  that  leflunomide  exerted  its  anti-inflammatory
and  immunomodulatory  effects  through  suppression  of
proinflammatory  cytokines23.  Leflunomide  has  been  known
to protect tissues from inflammatory damage by suppressing
TNF-" related signaling pathways26. The literature on the
influence   of   leflunomide   on   inflammatory   processes  in
IR-induced injury is quite limited. However, leflunomide has
been shown to attenuate lipopolysaccharide-related increases
in TNF-" and IL-6 in peritoneal macrophages27. Similarly, in the
study by Magari et al.28, leflunomide inhibited the increase in
TNF-", IL-1$ and IL-6 induced by T cell activation.

The results of the histopathological evaluation of the
ovaries were consistent with those of the biochemical analysis.

There was severe stromal hemorrhage, follicular hemorrhage
and congestion in the OIR rat’s ovaries, as well as a rise in
oxidative and inflammatory markers and a reduction in
antioxidants.  In  rat  ovaries,  Yuksel  et  al.29 previously
observed hemorrhage, necrosis, edema and vascular dilatation
following the administration of IR. In the leflunomide group,
follicular hemorrhage and congestion were completely
prevented, while stromal hemorrhage was significantly
reduced. Previously, leflunomide treatment was shown to
significantly reduce necrosis and congestion detected in
tissues with increased amounts of MDA and decreased levels
of SOD and CAT and leflunomide was found to possess radical
scavenging, antioxidant and anti-inflammatory properties23.

The fact that ovarian tissues were not analyzed
immunohistochemically is among the limitations of the study.
It is also important to perform follicle counting in rat ovaries
and to evaluate the rats in terms of fertility.

It is the recommended detorsion procedure for ovarian
torsion. However, the ovaries are exposed to oxidative and
inflammatory damage, although more so after detorsion.
Therefore, additional approaches are needed to protect the
ovaries from free radical attack and inflammatory damage
during ischemia and reperfusion. The current study
demonstrated the protective effect of leflunomide treatment
in rats undergoing ovarian IR procedures. It is hoped that this
study will pave the way for clinical studies.

CONCLUSION

The increase in oxidant (MDA) and reduction in
antioxidants   (tGSH,   SOD   and   CAT)   in   the  ovaries  of  the
IR group indicates that oxidative stress is developing in the
tissues  and  the  elevation  of  pro-inflammatory  cytokines
(TNF-", IL-1$ and IL-6) indicates that inflammation also plays
a role in the damage process. Histopathological examination
of the ovarian tissues revealed damage caused by IR
treatment.  Leflunomide  suppressed  the  increase  in  MDA,
TNF-", IL-1$ and IL-6 and the decrease in tGSH, SOD and CAT
and significantly prevented histopathologic damage. Our
biochemical and histopathological findings suggest that
leflunomide acts as an antioxidant and anti-inflammatory to
protect ovarian tissues against IR-induced ovarian injury.

SIGNIFICANCE STATEMENT

Ovarian IR injury is a pathological condition which may
result in severe ovarian damage and infertility and for which
oxidative stress and accompanying inflammation are
responsible  for  its  pathogenesis.   When  the  pathogenesis
of   IR   injury  is  taken  into    consideration,   agents   such   as
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leflunomide with antioxidant and anti-inflammatory activity
come to mind first. Therefore, in the present study, the
protective effect of leflunomide against ovarian IR injury in rats
was investigated. Leflunomide showed antioxidant activity by
suppressing oxidant increase and antioxidant decrease in
ovarian tissues exposed to IR and also significantly inhibited
the increase in proinflammatory cytokines. In addition,
histopathological analysis of ovarian tissues of rats receiving
leflunomide treatment revealed the protective effect of
leflunomide.
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