International Journal of
Pharmacology

ISSN 1811-7775

science ansinet

alert T Network for Sientifc nformation




3 OPEN ACCESS International Journal of Pharmacology

ISSN 1811-7775
DOI: 10.3923/ijp.2023.455.465

@ CrossMark

Research Article
Comparative Evaluation of Ovarian Ischemia-Reperfusion
Induced Distant Organ Damage in Rats

'Senol Bicer, *Bahadir Suleyman, “Renad Mammadov, “Bulent Yavuzer, Durdu Altuner, *Cebrail Gursul,
“Taha Abdulkadir Coban, *Resit Coskun and *Halis Suleyman

'Department of Pediatric Surgery, Faculty of Medicine, Erzincan Binali Yildirim University, 24100, Erzincan, Turkey
*Department of Pharmacology, Faculty of Medicine, Erzincan Binali Yildirim University, 24100, Erzincan, Turkey
*Department of Physiology, Faculty of Medicine, Erzincan Binali Yildirim University, 24100, Erzincan, Turkey
“Department of Medical Biochemistry, Faculty of Medicine, Erzincan Binali Yildirim University, 24100, Erzincan, Turkey
*Department of Cardiology, Faculty of Medicine, Erzincan Binali Yildirim University, 24100, Erzincan, Turkey

Abstract

Background and Objective: Ischemia-reperfusion (I/R) injury is seen in many conditions, including ovarian torsion/detorsion. Ovarian
ischemia is an emergency that occurs as a result of torsion of the ovaries. This study aimed to investigate the extent to which brain, heart,
lung, kidney and liver tissues were affected by ovarian ischemia-reperfusion damage in albino Wistar-type female rats and to evaluate
them by comparison. Materials and Methods: Animals were divided into two groups: The group to be applied sham operation (SG) and
the group to be applied the ischemia-reperfusion procedure to the ovaries (OIR). As 2 hrs of ischemia and 6 hrs of reperfusion were
conducted in the right ovaries of OIR group rats. After reperfusion, the ovarian, brain, heart, lung, kidney and liver tissues of the animals
sacrificed were removed. The severity of tissue damage was assessed by the degree of significance of the increase in oxidative and
proinflammatory parameters and the decrease in antioxidants. Results: The organs obtained from the OIR group in which MDA and IL-6
levels were highest, while tGSH, SOD and CAT levels were the lowest, were ovary>kidney>lung>heart, respectively. The levels of these
parameters in the brain and liver tissues were found to be almost the same as in the SG group. Current findings showed that ovarian
ischemia-reperfusion damage did not affect brain and liver tissues, but the heart was mildly affected, the lung was moderately and kidney
tissue was severely affected. Conclusion: Current experimental results showed that it may be useful to consider the possibility of damage
to organs such as the heart, lungs and kidneys before and after the ovarian ischemia-reperfusion procedure and take the necessary
precautions.
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INTRODUCTION

Ischemia, as is known, is the event that the tissue is
deprived of oxygen due to the decrease or complete
cessation of the blood flow to the tissue'2 Reperfusion is the
re-blooding of ischaemic tissue3. Ischemia-reperfusion (I/R)
damage is observed in conditions such as organ resection
and transplantation, various types of shock and ovarian
torsion/detorsion*®. Ovarian ischemia is an emergency
condition resulting from torsion of the ovaries®. Ovarian
torsion occurs as a result of a complete or partial sprain of the
ovaries around the ligaments that support them®. Ovarian
torsion is observed in pathological conditions such as benign
ovarian cysts, teratomas, congenital long ovarian ligaments,
excessive laxity of the pelvic ligaments and a small uterus’.
Ovarian torsion is a pathological case that can be observed in
women atany age and requires urgent surgical intervention®,
If torsioned ovaries are not intervened promptly, it causes
necrosis of the ovaries and concludes in ovariectomy?®. For this
reason, for the protection of the ovaries, re-blooding
(reperfusion) of the torsioned ovary by detorsion is
provided'®". However, the provision of reperfusion by
detorsion causes more severe damage than the damage
caused by ischemia™ 12, This event takes place when O,, which
is presented to the tissue with a large amount of blood during
reperfusion, induces hypoxanthine metabolism. This reaction
causes the overproduction of reactive oxygen species (ROS)>.
As such, local inflammation and ROS production are further
increased during reperfusion and lead to more severe
damage’. Furthermore, it has been reported that the severity
of I/R damage increases in direct proportion to the increase in
inflammatory response and oxidant production®. Studies have
shown that I/R event causes damage to primary and distant
organs with the same severity'. In a previous study, it was
reported that the I/R procedure increases the oxidant and
proinflammatory cytokines such as malondialdehyde (MIDA),
Tumor Necrosis Factor-Alpha (TNF-a) and Interleukin-One
Beta (IL-1B) on an equal footing in primary (ovary) and distant
organ (kidney) tissue'. This information signs that the
procedure of detorsion applied to torsioned ovaries in the
clinicmay lead to damage to distant organs. It is not known in
the literature whether the procedure of I/R applied to ovaries
leads to damage in many organs outside the ovaries or not.
Additionally, studies comparing the severity of damage in
distant organs such as the brain, heart, lung, kidney and liver
caused by the procedure of I/R applied to ovaries have not
been found in the literature. Therefore, current study aims to
investigate whether the brain, heart, lung, kidney and liver
tissues were affected or not by ovarian I/R damage in rats and
to evaluate by comparing.
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MATERIALS AND METHODS

Study area: The present study was carried out in Erzincan
Binali Yildinm University Animal Experiments Laboratory
between 5 and 19 January, 2023 in two weeks.

Animals: A total of 16 albino Wistar-type female rats with a
weight ranging from 275-287 g were used in the experiment.
All of the experimental animals were obtained from Erzincan
Binali Yildinm University Experimental Animals Application
and Research Center. The animals were kept for one week in
the laboratory room (22°C) where the experiment was going
to be conducted, with 12 hrs of bright and 12 hrs of dark so
that they could adapt to the environment before the
experiment. During this period, the rats were fed with normal
animal feed and tap water. The experiments were conducted
by the Turkey Regulation of Animal Research Ethics. In
addition, this study was carried out in accordance with
the principles of the Declaration of Helsinki. The protocols
and procedures were approved by the Local Animal
Experimentation Ethics Committee of Erzincan Binali Yildirim
University (Meeting Date: 29 December, 2022, Meeting No:
2022/12, Decision No: 62).

Chemical agents: The ketamine used in the experiment was
obtained from Pfizer llaglari Ltd. Sti. (Turkey).

Experimental groups: The experimental animals were divided
into two groups: Sham operation to the ovaries (SG) and the
groups in which the I/R procedure will be applied to the
ovaries (OIR).

Surgical procedures

Experimental procedure: Surgical interventions were
conducted under sterile conditions, in an appropriate
laboratory environment, with intraperitoneal (IP) ketamine
(60 mg kg™") anesthesia. After the ketamine injection, the
animals were expected to be immobilized in the supine
position and surgical intervention was started's. During
anesthesia, the ovaries of the SG and OIR rat groups were
reached by a 2-2.5 cm long vertical incision applied to the
lower part of the abdomen. Then, ischemia was created
for 2 hrs by applying a vascular clip to the lower part of the
right ovary of the OIR group rats. The abdominal region was
closed by suturing with surgical thread without ischemia to
the ovaries of the SG group. At the end of this period, the
vessel clip was removed and reperfusion was provided for
6 hrs. After reperfusion, the ovaries, brain, heart, lungs, kidneys
and liver tissues of the animals sacrificed with high-dose
ketamine (120 mg kg~") anesthesia were removed. The MDA,
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Total Glutathione (tGSH), superoxide dismutase (SOD),
catalase (CAT) and IL-6 levels were measured in these
removed tissues. In addition, blood samples were obtained
from the tail veins of rats to determine troponin | (Tpl),
Creatine Kinase-MB (CK-MB), BUN, Creatinine, Alanine
Aminotransferase (ALT) and Aspartate Aminotransferase (AST)
levels. The results determined from the SG and OIR groups
were evaluated by comparison to other groups. The severity
of tissue damage was assessed by the degree of significance
of the increase in oxidative and proinflammatory parameters
and the decrease in antioxidants.

Biochemical analysis

Determination of MDA, tGSH, SOD, CAT and protein: A
commercial Enzyme-Linked Immunosorbent Assay (ELISA) kit
designed for experimental animals was used to measure MDA,
tGSH and SOD in tissue samples (MDA: Catalog No. 10009055,
tGSH: Catalog No. 703002, SOD: Catalog No. 706002,
Cayman Chemical Co., Michigan, USA). The CAT
determination was performed according to the method
proposed by Goth'. Protein determination was determined
spectrophotometrically at 595 nm according to the Bradford
method'®,

Tissue IL-6 analysis: All samples were weighed before being
cut, rapidly frozen with liquid nitrogen and homogenized with
a pestle and mortar, samples were kept between 2-8°C after
melting. A solution of PBS (pH 7.4), 1/10 (w/v), was added,
vortex for 10 sec, centrifuged for 20 min at 10000Xg and
the supernatants were carefully collected. Interleukin-6
(IL-6, pg mL™") levels were measured by using a
commercial Enzyme-Linked Immunosorbent Assay (ELISA) kit
(Catalog No. SEA079Ra, Wuhan USCN Business Co. Ltd.,
Wuhan, Hubei, China) according to kit instructions.

Determination of serum Tpl and CK-MB: The Tpl levels in
plasma obtained from blood samples received from the tail
veins of animals were measured in the VIDAS Troponin | Ultra
kit (Marcy-I Etoile/France) using the ELFA (Enzyme-Linked
Fluorescent Assay) technique. Furthermore, CK-MB
determination in the plasma collected from animals was
photometrically measured in the Roche/Hitachi cobas ¢ 701
systems.

Measurement of serum BUN: Quantitative determination of
serum urea levels was studied by the spectrophotometric
method on a Roche brand cobas 8000 autoanalyzer. It was
calculated with the formula:

BUN = UREAXx0.48
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Urea hydrolysis into ammonium and carbonate ions is the
basis of the kinetic test with urease and glutamate
dehydrogenase:

Urea+2 H,0-(Urease) 2 NH,"+ CO,*~

In the second reaction, when glutamate and
Dehydrogenase (GLDH) and coenzyme Nicotinamide Adenine
Dinucleotide (NAD)+hydrogen is present in a 2-oxoglutarate
medium, it reacts with ammonium to form L-glutamate. Two
moles of NADH are oxidized to NAD* for every mole of urea
hydrolyzed in this reaction.

NH, "+2-oxoglutarate+NADH- "W _glutamate+NAD"+H,0

The rate of decrease in NADH concentration is directly
proportional to the urea concentration in the sample and the
measurement was made at a wavelength of 340 nm.

Measurement of serum creatinine: The Roche brand cobas
8000 autoanalyzer was used to measure serum creatinine
guantitatively. The colorimetric test was performed according
to the Jaffe method. In the alkaline solution, creatinine and
picrate form a complex that causes a yellow-orange color
change. This formation was detected at a wavelength of
505 nm. The direct proportion between the amount of
creatinine in the sample and the rate of dye formation was
determined. Bilirubin interference was minimized via
“rate-blanking” in this test. To correct for the nonspecific
reaction caused by serum/plasma pseudo-creatinine
chromogens, including proteins and ketones, serumor plasma
results were corrected with -26 umol L' (-0.3 mg dL™").

Creatinine+picric acid~(Alkaline pH) yellow-orange complex

Serum ALT and AST analysis: Venous blood samples were
placed in tubes that did not contain anticoagulants.
Centrifuged serum after clotting was stored at -80°C until
assayed. The AST and ALT activities, which are liver function
tests, were determined spectrophotometrically by Cobas 8000
autoanalyzer (Roche Diagnostics GmBH, Mannheim, Germany)
and commercial kits (Roche Diagnostics).

Statistical analysis: The results obtained from experiments
were expressed as Mean ValueX=Standard Error of the Mean
(Mean=£SEM). The statistical analyses were performed with
the IBM SPSS Statistics program for Windows (IBM Corp.,
Version 22.0, released 2013, Armonk, New York, USA). The
normality of the distribution for continuous variables in the
biochemical test results was checked by the Shapiro-Wilk Test.
Levene's Test was performed to determine whether the
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homogeneity of variances was achieved. The significance of
differences between the groups was determined using a
T-test except for SOD levels in cerebrum tissue and IL-6 levels
in lung tissue. Since there is no normal distribution for SOD
levels in the cerebrum tissue and IL-6 levels in lung tissue, the
Kruskal-Wallis test, which is one of the non-parametric tests,
was used. The Mann-Whitney U-test was used for these two
parameters to determine the group that created the
difference. The probability value of p<0.05 was regarded to
indicate statistical significance.

RESULTS

MDA analysisresults of the ovary, brain, heart, lung, kidney
and liver tissue: Figure 1 shows the amount of MDA in the
ovarian tissue of the OIR group, which underwent the I/R
procedure, was found to be higher than in the ovarian tissue
of the SG group, which underwent a sham operation. The
difference in MDA amount in the ovarian tissues of the
SG and OIR groups was statistically significant (p<0.001,
Table 1 and 2). However, the amount of MDA in the brain
tissue of the OIR group was almost the same as that of the SG
group and the difference in MDA amounts was statistically
insignificant (p = 0.964). In the heart tissue of the OIR group,
the amount of MDA was statistically significantly higher than
that of the SG group (p =0.004). In addition, while the amount
of MDA in the lung tissue increased significantly compared to
the SG group (p=0.001), itincreased more significantly in the
kidney tissue (p<0.001). The amount of MDA in the liver tissue
of the OIR group was not found to be statistically different
from that of the SG group (p = 0.249).

tGSH analysis results of the ovary, brain, heart, lung, kidney
and liver tissues: The ovarian tissue tGSH levels of the OIR

MDA (umol g~ protein)

group were significantly lower than in the SG group. The
difference in tGSH levels in the ovarian tissue of the OIR and
SG groups was calculated as significant (p<0.001, Fig. 2,
Table 1 and 2). However, no significant decrease in tGSH
amount was observed in the brain tissue of the OIR group.
Statistical analysis showed that the difference in tGSH
amount between the OIR and SG groups in brain tissue
was insignificant (p = 0.137). However, a significant decrease
(p =0.011) in tGSH amount was observed in the heart tissue
of the OIR group compared to SG. The tGSH amount also
significantly decreased (p=0.001) in the lung tissue of the OIR
group compared to SG. The organ tissue where the tGSH
amount decreased most significantly (p<0.001) compared to
SG was the kidneys. The amount of tGSH in the liver tissue of
the OIR group was not found to be statistically different from
that of the SG group (p = 0.067).

SOD analysis results of the ovary, brain, heart, lung, kidney
and liver tissues: Figure 3 and Table 1-2 shows that, the I/R
process applied to the ovaries has led to a decrease in SOD
activity in the ovary tissue. The difference between the SOD
activities in the ovarian tissue of the OIR and SG groups was
significant (p<0.001). However, the SOD activities in the brain
tissue of the OIR and SG groups were found to be similar to
each otherand the difference between them was evaluated as
insignificant (p = 0.699). In the heart tissue of the OIR group,
SOD activity was detected to be significantly lower than that
of the SG group (p = 0.014). While SOD activity in the lung
tissue of the OIR group decreased significantly (p = 0.001)
compared to the SG, it decreased more significantly (p<0.001)
in the kidney tissue. In addition, the difference between SOD
activities in the liver tissue of the OIR and SG groups was
calculated to be insignificant (p = 0.555).

Lung
Renal
Liver

T
SG OIR

Fig. 1: MDA levels in the tissues of experimental groups

SG OIR SG OIR SG OIR

MDA: Malondialdehyde, SG: Sham-operation group, OIR: Ovarian ischemia-reperfusion group, Bars are Mean £ SEM (standard error), *Means p<0.001 according

to the SG, **Means p<0.05 according to the SGand n =6
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Fig. 2: tGSH levels in the tissues of experimental groups

tGSH: Total glutathione, SG: Sham-operation group, OIR: Ovarian ischemia-reperfusion group, Bars are Mean = SEM (standard error), *Means p<0.001 according

to the SG, **Means p<0.05 according to the SGand n =6

Table 1: Mean and standard error values of the experimental groups in terms of tissue biochemical test results

Tissue Groups MDA tGSH SOD CAT IL-6
Ovary SG 3.24%+0.06 6.32+0.07 8.78+0.07 7.57%+0.07 2.29+0.03
OIR 7.461+0.08 2.41%+0.07 3471+0.04 3.1940.03 5.991+0.06
Cerebrum SG 3.291+0.05 6.54£0.09 8.34+0.32 7.491+0.06 2.10%+0.03
OIR 3.29%+0.05 6.31£0.12 8.63+0.07 7.43%+0.02 2.17%0.02
Heart SG 3.44+0.04 6.42+0.06 8.44+0.04 7.821+0.03 2.23+0.03
OIR 4.60£0.31 5.10+0.34 7.25+0.32 6.30+£0.34 3.54+0.34
Lung SG 3.40%+0.05 6.4910.03 8.5710.04 7.531+0.02 2.251+0.03
OIR 5.74%+0.36 4.25+0.34 6.20+0.33 5.15+0.37 4.59£0.34
Renal SG 3.22+0.04 6.31£0.03 8.58+0.07 7.55+0.07 2.55+0.07
OIR 6.761+0.05 3.341+0.04 4.74%£0.05 4.29+0.03 5.79%+0.03
Liver SG 3.13%+0.03 6.2510.03 8.73£0.06 7.60%+0.06 2.12%+0.03
OIR 3.18%+0.03 6.15£0.04 8.69+0.04 7.56%+0.03 2.20%+0.04

MDA: Malondialdehyde, tGSH: Total glutathione, SOD: Superoxide dismutase, CAT: Catalase, IL-6: Interleukin

ischemia-reperfusion group

six, SG: Sham operation group and OIR: ovarian

Table 2: p-values of the experimental groups in terms of the tissue biochemical test results

MDA tGSH SOD CAT IL-6
Tissue SGvs OIR SGvs OIR SGvs OIR SGvs OIR SGvs OIR
Ovary <0.001 <0.001 <0.001 <0.001 <0.001
Cerebrum 0.964 0.137 0.699* 0.383 0.106
Heart 0.004 0.011 0.014 0.006 0.012
Lung 0.001 0.001 0.001 0.001 0.002%
Renal <0.001 <0.001 <0.001 <0.001 <0.001
Liver 0.249 0.067 0.555 0.577 0.140

MDA: Malondialdehyde, tGSH: Total glutathione, SOD: Superoxide dismutase, CAT: Catalase, IL-6: Interleukin six, SG: Sham operation group, OIR: Ovarian ischemia-
reperfusion group, *Statistical evaluation was done with Kruskal-Wallis Test, After that, the Mann-Whitney U test was used as post hoc, Other statistical evaluations

were done by using a T-test

CAT analysis results of the ovary, brain, heart, lung,
kidney and liver tissues: Figure 4 showed the I/R
procedure caused a decrease in CAT activities in the ovary
tissue. The difference in CAT activity between the OIR and
SG groups in ovary tissue was found to be significant
(p<0.001, Table 1 and 2). However, CAT activity did not
decrease in the brain tissue of the OIR group and the
difference in CAT activities between the OIR and SG groups
in brain tissue was found to be insignificant (p = 0.383). The
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statistical data revealed the fact that CAT activity in the heart
tissue of the OIR group was significantly lower than that
of the SG group (p = 0.006). While CAT activity decreased
significantly in the lung tissue of the OIR group (p = 0.001),
it was also found to decrease more significantly in the
kidney tissue (p<0.001). In the liver tissue of the OIR group, the
CAT activity was observed to be similar to that of the SG group
and no statistically significant difference was detected
(p=0.577).
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Fig. 3: SOD levels in the tissues of experimental groups

SOD: Superoxide dismutase, SG: Sham-operation group, OIR: Ovarian ischemia-reperfusion group, Bars are Mean£SEM (standard error), *Means p<0.001

according to the SG, **Means p<0.05 according to the SGand n=6
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Fig. 4: CAT levels in the tissues of experimental groups

CAT: Catalase, SG: Sham-operation group, OIR: Ovarian ischemia-reperfusion group, Bars are Mean =+ SEM (standard error), *Means p<0.001 according to the

SG, **Means p<0.05 according to the SGand n =6

IL-6 analysis results of the ovary, brain, heart, lung, kidney
and liver tissues: In Fig. 5, it is seen that, the I/R procedure
significantly increases the amount of IL-6 in the ovarian tissue.
The difference between the amounts of IL-6 in the ovarian
tissues of the SG and OIR groups was statistically significant
(p<0.001, Table 1 and 2). It is understood that the brain tissue
is not affected by the ovarian I/R procedure. The statistical
analysis results also showed that the levels of IL-6 were similar
in the brain tissues of the OIR and SG groups and that the
difference between them was insignificant (p = 0.106).
However, while the amount of IL-6 in the heart tissue of the
OIR group was significantly higher (p = 0.012) compared to
the SG group, it increased even more significantly (p = 0.002)
inthe lung tissue. The highest amount of IL-6 was found in the

kidney tissue. The difference between the amount of IL-6 in
the kidney tissue of the OIR and SG groups was detected to be
the most significant (p<0.001). In the liver tissue of the OIR
group, the IL-6 activity was found to be similar to that of the
SG group and no statistically significant difference was
detected (p = 0.140).

Blood serum Tpl, CK-MB, BUN, creatinine, ALT and AST
analysisresults: As can be seen from Fig. 6-8, blood serum Tpl
(p<0.001), CK-MB (p<0.001), BUN (p<0.001) and creatinine
(p<0.001) levels of the OIR group that underwent I/R
procedure to the ovaries increased significantly compared to
the SG group, while ALT (p = 0.900) and AST (p = 0.968) levels
were not significantly different (Table 3).
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Fig. 5: IL-6 levels in the tissues of experimental groups
IL-6: Interleukin six, SG: Sham-operation group, OIR: Ovarian ischemia-reperfusion group, Bars are Mean=SEM (standard error), *Means p<0.001 according
to the SG, **Means p<0.05 according to the SGand n =6
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Fig. 6(a-b): Tpl and CK-MB levels in the blood serum of experimental groups
Tpl: Troponin |, CK-MB: Creatine kinase-MB, SG: Sham-operation group, OIR: Ovarian ischemia-reperfusion group, Bars are Mean == SEM (standard error),
*Means p<0.001 according to the SGand n =6
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BUN: Blood urea nitrogen, SG: Sham-operation group, OIR: Ovarian ischemia-reperfusion group, Bars are Mean &= SEM (standard error), *Means p<0.001
according tothe SGandn=6
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Fig. 8: ALT and AST levels in the blood serum of experimental groups
ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, SG: Sham-operation group, OIR: Ovarian ischemia-reperfusion group, Bars are Mean £ SEM
(standard error)andn=6

Table 3: Mean, standard error and p-values of the experimental groups in terms of blood serum biochemical test results

Groups Tpl CK-MB BUN Creatinine ALT AST
SG 0.021£0.00 59.90+1.82 30.97+1.78 0.84%0.02 32.48%+1.39 42.33£1.52
ORR 0.034£0.00 83.80+1.85 117.50£2.92 2.00£0.07 32.83+2.33 42.17£3.72
SGvs OIR <0.001 <0.001 <0.001 <0.001 0.900 0.968

Tpl: Troponin I, CK-MB: Creatine kinase-MB, BUN: Blood urea nitrogen, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, SG: Sham operation group,
OIR: Ovarian ischemia-reperfusion group and statistical evaluations were done by using a T-test

DISCUSSION organs and tissues is in balance. The deterioration of this
balance and the increase of oxidants is defined as oxidative
Although the damage caused by the procedure of I/R  stress””. The information obtained from the literature signs
applied to the primary tissue in distant organs usually occurs thatthe oxidant/antioxidant balance in the ovary tissue where
by similar mechanisms, there is no clear information about  we applied I/R shifted in favor of oxidants and oxidative stress
which organ is most affected. In this study, the extenttowhich  developed. In addition, the level of IL-6 in the ovary tissue
brain, heart, lung, kidney and liver tissue are affected by =~ whereweapplied|/Rwasfound to be significantly higherthan
ovarian I/R damage in rats was investigated and evaluated by in the sham operation group. It is known that IL-6 has an
comparison. Ithas been shown thatl/Revents associated with  important role in the pathogenesis of inflammation®. The
thrombolytic therapy, organ transplantation, coronary  current study findings coincide with studies that report that
angioplasty and aortic cross-clamp cause local and systemic  the severity of I/R damage is directly proportional to the
damage'®?. Current experimental results revealed that MDA increase in the inflammatory response and oxidant
levels were significantly higherinthel/Rapplied ovariantissue ~ production?. In addition, studies showing a link between ROS
compared to the sham operation group, while tGSH, SOD and and IL-6 production support experimental results?>°,
CAT levels were low. As mentioned above, ROS production Studies have revealed that I/R causes damage not only to
increases during reperfusion®. Superoxide anion (O,), primary tissues and organs but also to distant organs with the
hydroxyl radicals (<OH) and hydrogen peroxide (H,0,) arethe ~ same severity™. Inflammation is held responsible for the
most examined types of ROSs today?'. These ROSs, known as ~ pathogenesis of I/R-related multiple distant organ damage™.
reperfusion mediators, oxidize cellmembrane lipids, providing It is advocated that inflammation observed in distant organs
the origination of toxic products such as MDA from lipids®2.  also is caused by the excessive production of ROSs in the
The MDA itself, which occurs as a result of LPO, is also toxic primary tissue®'. In the past and current literature, it has been
and can cause further destruction®. However, in living tissues, ~ shown that brain tissue is severely affected by kidney, liverand
the excessive production of ROSs is prevented by Glutathione heart /R damage3?3*. However, there was no information that
(GSH), superoxide dismutase (SOD), catalase (CAT) and other the brain tissue was affected by the ovarian I/R event. In this
endogenous antioxidant defense systems?*. As it is known,  study, it was also observed that the oxidant, antioxidant and
GSHs scavenge ROSs?, while SOD converts O, into H,0, and proinflammatory cytokine (IL-6) levels in the brain tissue of the
the H,0, molecule is hydrolyzed into harmless molecules by  rats to which we applied I/R to the ovaries were almost at the
CAT?%. Therefore, the oxidant/antioxidant system in living same level as the sham group.
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Current experimental results revealed the fact that the I/R
procedure applied to ovarian tissue significantly increased
MDA and IL-6 levels in heart tissue. As mentioned above, the
severity of I/R damage is directly proportional to the
inflammatory response and increased oxidant production?.
Current findings revealed the severity of oxidative stress and
inflammation in heart tissue. It also overlaps with data
reporting that I/R causes damage not only to primary tissues
and organs but also to distant organs'. It was also reported in
the studies of Delibas et a/* that the I/R procedure applied to
the ovaries also causes oxidative damage in the heart.
Similarly, the I/R process directly increases the production of
oxidantand proinflammatory cytokinesin the heart tissue and
suppresses the production of antioxidants®¢. Other parameters
that support that the heart is affected by ovarian I/R damage
have been Tpland CK-MB. In this study, serum Tpl and CK-MB
levels were found to be high compared to the sham operation
group. Serum Tpl and CK-MB levels are important markers
of myocardial ischemia and hypoxia-related damage®’. The
increase in these cardiac markers has been associated with an
increase in oxidants and proinflammatory cytokines?®.

Oxidant and pro-inflammatory cytokine levels were found
to be highin the lung tissue of animals that underwent the I/R
process to ovaries compared to the sham group. Tanyeli et a/*
reported that ovary torsion/detorsion increases oxidative and
inflammatory markers both in the ovaries and lungs. The
pulmonary systemis known to be affected by distantorgan I/R
damage®. In current study, while the levels of oxidant and
pro-inflammatory cytokines were higher in lung tissue than in
heart tissue, the levels of antioxidants were found lower. This
indicates that the lungs are more affected by the ovarian I/R
event than the heart. Mura et a/*' also explained in a study
that the lung was the organ that was most severely damaged
by intestinal I/R damage.

Also, in this study, the I/R procedure applied to ovaries
caused oxidant and proinflammatory parameters to increase
more in the renal tissue of animals than in the brain, heart and
lungs. Current findings revealed the fact that the kidneys
are seriously affected by the ovarian I/R event. There is
information in the literature reporting that oxidative and
inflammatory damage of kidneys develops secondary to
ovarian I/R damage'. As it is known, kidney damage causes
kidney dysfunction. Biochemical parameters such as BUN
and creatinine are used to determine renal dysfunction*2.
Current experimental results showed that ovarian I/R damage
increases serum BUN and creatinine levels. The BUN and
creatinine levels increase in renal failure due to acute kidney
damage. In addition, long-term kidney damage increases the
risk of cardiovascular complications and death®. In the

463

literature, it is emphasized that kidney I/R damage is
associated with an increase in oxidant, pro-inflammatory
cytokine, BUN and creatinine*. This information obtained from
the literature shows that I/R procedure applied to the ovaries
causes significant damage to the kidneys.

Again, in this study, there was no significant increase in
the levels of the oxidant, pro-inflammatory cytokines, ALT and
ASTinthelivertissue ofanimals that underwent|/R on ovaries.
Current biochemical findings sign that liver tissue is not
affected by ovarian I/R damage. There is not found
information in the literature that the liver is affected by
ovarian I/R damage. However, it has been reported that the
heart, lungs and kidneys are damaged by the intestinal I/R
event, while the liver is not affected*'. Just because the liver s
not affected by ovarian I/R damage does not mean that it also
will not be affected by I/R damage that occurs in other organs.
Grams and Rabb® reported that the liver and other organs
were affected by acute kidney damage.

CONCLUSION

Present study experimental results revealed that the I/R
procedure can cause different degrees of damage not only in
primary tissue butalsoin distant organs. Brain and liver tissues
were unaffected by ovarian I/R damage, the heart was mildly
affected, the lung moderately and the kidney was severely
affected. These findings allowed us to determine the degree
and extent of particular distant organ damage caused by
ovarian I/R. Although the clinical translation of ovarian
I/R-related distant organ damage is not clearly understood
for now, special attention may be required to kidney and
lung damage after ovarian torsion and related conditions.
Current study recommends that the research of each organ
histopathologically is done to investigate in more detail
whether distant organs are affected by ovary I/R damage.

SIGNIFICANCE STATEMENT

Ovarian torsion is a pathological condition that can be
seen in women of all ages. The present study discussed
whether ovarian I/R may cause severe damage to distant
organs as well as ovarian necrosis. Our experimental results
revealed that I/R damage to the ovaries did not cause any
damage to the brain and liver, but caused mild damage to the
heart tissue, moderate damage to the lung tissue and severe
damage to the kidney tissues. In this respect, it would be
beneficial to consider distant organ damage after ovarian
ischemia.
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