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ABSTRACT

This study aimed to examine the effects of albumin ad-
ministration on ischemia-reperfusion in the rat ovary by
using biochemical, histological, and immunohistochemical
methods. Thirty-two Wistar albino rats were used in the
study, and they were divided into 4 groups: control, albu-
min, placebo, and ischemia-reperfusion. Healthy ovaries
were taken from the first group. In the other three groups,
2-hour ischemia and 2-hour reperfusion were applied to
the bilateral ovaries. In the albumin group, intraperitoneal
albumin (2.5 g/kg, 20% human albumin) was adminis-
tered 30 minutes before reperfusion, and in the placebo
group, the same volume of intraperitoneal saline was ad-
ministered instead of albumin 30 minutes before reperfu-
sion. Ovarian damage scores, cytochrome C-1 immunore-
activity, total oxidant status, total antioxidant status, and
oxidative stress index levels were evaluated. In the statisti-
cal analysis performed between the groups, it was seen
that the results of the control group were significantly
lower than the ischemia-reperfusion group in terms of
total oxidant status values (p=0.001), and the results of the
ischemia-reperfusion group were significantly higher than
the control and albumin groups in terms of oxidative
stress index values (p<0.001 and p=0.004, respectively). In
histological examinations, the total damage score obtained
by evaluating follicular degeneration, edema, vascular
congestion, and hemorrhage was found to be significantly
higher in the ischemia-reperfusion group than in the con-
trol group (p=0.003). According to the immunohistochemi-
cal examination results, cytochrome C-1 immunoreactivity
in the ischemia-reperfusion group was significantly
stronger than the control and albumin groups (p<0.001).
We think that albumin administration reduces cytochrome
C-1, reactive oxygen species, and oxidative stress levels,
therefore it will play a helpful role in the ischemia-
reperfusion treatment process.
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0z

Bu c¢alisma, albumin uygulamasinin rat ovaryumunda
iskemi-reperfiizyon iizerine etkilerini biyokimyasal, his-
tolojik ve immune histokimyasal yontemlerle incelemeyi
amagladl. Calismada 32 adet Wistar albino rat kullanild.
Hayvanlar 4 gruba ayrildi: kontrol, albiimin, placebo ve
iskemi-reperfiizyon. Birinci gruptan saglikli overler alindu.
Diger 3 grupta overlere bilateral 2 saatlik iskemi ve 2 saat-
lik reperfiizyon uygulandi. Albiimin grubuna reperfiizyon-
dan 30 dakika 6nce intraperitoneal albumin (2.5g/kg, %20
human albumin), placebo grubuna reperfiizyondan 30
dakika 6nce albumin yerine ayni hacimde intraperitoneal
salin verildi. Yumurtalik hasar skorlari, Sitokrom C-1 im-
miino reaktivitesi, toplam oksidan durumu, toplam antiok-
sidan durumu ve oksidatif stress indeksi degerleri deger-
lendirildi. Gruplar arasinda yapilan istatistiksel analizlerde
toplam oksidan durumu degerleri agisindan control grubu
sonuglari iskemi-reperfiizyon grubuna gore belirgin olarak
diisiik oldugu (p=0.001) ve oksidatif stress indeksi deger-
leri agisindan ise iskemi-reperfiizyon grubu sonuglarinin
control ve albumin gruplarina gore anlaml olarak yiiksek
oldugu gorildii (p<0.001 ve p=0.004, sirasiyla). Histolojik
incelemelerde folikiil dejenerasyonu, 6dem, damar tikanik-
lig1 ve hemoraji degerlendirilerek elde edilen toplam hasar
puani IR grubunda control grubuna gore anlamli olarak
yiiksek bulundu (p=0.003). Immiino histokimyasal
inceleme sonuglarina gore iskemi-reperfiizyon grubundaki
sitokrom C-1 immiin reaktivitesinin control ve albumin
gruplarina gore anlamli derecede daha giigliydii
(p<0.001). Albiimin uygulamasinin sitokrom C-1, oksijen
radikalleri ve oksidatif stress diizeylerini diisiirdiigiinii, bu
nedenlei skemi-reperfiizyon tedavi stirecinde yardimci bir
rol oynayacagini diisiiniiyoruz.

Anahtar Kkelimeler: Sitokrom C-1, insan serum albiimini,
immiinohistokimya, iskemi-reperfiizyon, ovaryum, .
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INTRODUCTION

Ovarian torsion is the sixth most frequent gynecological
emergency. The therapy is to execute detorsion to re-
store blood flow.!-3Delayed diagnosis and treatment of
ovarian torsion in women results in necrosis and organ
loss in the ovaries.* Cell damage is caused by reactive
oxygen species (ROS) generated during torsion-induced
ischemia.> The ROS is one of the major causes of tissue
damage.6 Reperfusion is required to repair ischemia-
induced tissue damage and to eliminate harmful me-
tabolites from the organ. However, it is well known that
reperfusion causes further damage.”8 Detorsion causes
the movement of polymorph nuclear leukocytes and
platelets toward ischemic tissue, follicular cell degen-
eration in the ovaries, and interstitial and intrafollicular
hemorrhages. Furthermore, this condition accelerates
the production of R0S.12

One of the most essential components that triggers
apoptosis is Cytochrome C (Cyt-C), which initiates apop-
tosis by moving from the mitochondria to the cyto-
plasm. CYC1, which is also known as isoform-1 cyto-
chrome C, is the homolog of cytochrome C1. Because of
this reason, CYC1 is a marker for the existence of the
apoptotic pathway.® ROS, which is created in excess as a
result of ischemia-reperfusion (IR), disrupts mitochon-
drial functioning.10 The release of CYC-1 from the mito-
chondria into the cytoplasm is increased when the mito-
chondrial functioning is disrupted.®

Albumin, which also possesses antioxidant capabilities,
is the most abundant protein in the plasma and is re-
sponsible for the majority of the ROS capture. Albumin
also protects against damage caused by lipid peroxida-
tion and peroxyl radicals.!! In addition, it reduces reper-
fusion-induced inflammatory response by improving
microcirculation and preventing organ dysfunction.!2
Here, we aimed to examine the effects of albumin ad-
ministration on ischemia-reperfusion in the rat ovary by
using biochemical, histological, and immunohistochemi-
cal (IHC) techniques.

MATERIALS AND METHODS

Animals

This study was imposed in accordance with the "Care
and Use of Laboratory Animals Guidelines" in the Ani-
mal Experiments Laboratory of Kafkas University. The
permission for the experiment was given from the Ani-
mal Experiments Local Ethics Committee of Kafkas Uni-
versity (decision date/numbered; 23-09-2021 / 2021-
138). For the study, 32 female Wistar albino rats (8-12
weeks aged, weighing 180-260 g) were utilized. They
were fed ad libitum and kept in a room that had a 12-
hour day-night cycle and 22 * 2.

Groups

In this study, thirty-two rats were randomly and equally
divided into four groups.

Control group: After anesthesia, healthy ovarian tissues
were bilaterally excised.

Albumin group: After anesthesia, 2-hour ischemia and 2
-hour reperfusion were done. 30 minutes before the
initiation of reperfusion, 2.5 g/kg 20% human albumin
(12.5 ml/kg) was injected intraperitoneally.13 The ovar-
ian tissues were extracted bilaterally at the end of the
reperfusion period.

Placebo group: After anesthesia, 2-hour ischemia and 2-

hour reperfusion were done. 30 minutes before the
initiation of reperfusion, 12.5 ml/kg saline was injected
intraperitoneal. The ovarian tissues were extracted
bilaterally at the end of the reperfusion period.

IR group: After anesthesia, 2-hour ischemia and 2-hour
reperfusion were done. The ovarian tissues were ex-
tracted bilaterally at the end of the reperfusion period.
Anesthesia

According to the body weight, 10 mg/kg xylazine
(Vetaxyl®, Vet-Agro) and 90 mg/kg ketamine (Keta-
Control®, Doa Pharmaceuticals) were administrated
by intramuscular injection for anesthesia.

Surgical method

After anesthesia, all rats were found supine, and a 2 cm
abdominal incision was performed after the surgical
site was shaved and sterilized. The abdomen was
closed after the adnexa including the tuba and ovarian
arteries was ligatured with a 3/0 silk suture.!* The
abdomen was opened again, the ligature around the
adnexa was removed for reperfusion, and the abdomen
was closed again. After reperfusion, the abdomen was
opened and tissue and blood samples were taken.
Biochemical analysis

The blood serum was used to test albumin, calcium,
total oxidant status (TOS), total antioxidant status
(TAS), and oxidative stress index (OSI). TOS and TAS
were determined using Erel’s automated colorimetric
technique (Rel Assay Diagnostics®, Mega Tip,
Tiirkiye).6 TOS values are reported in umol H20:Eq/L
units. TAS levels are reported in mmol Trolox Eq/L.
OSI is the ratio of TOS to TAS in pmol [(TOS/
(TAS*1000))*100], and it is an indicator of oxidative
stress levels. Albumin and calcium were determined
using a colorimetric technique (Otto Scientific®, Mega
Tip, Tirkiye) with a spectrophotometer. Albumin lev-
els are reported in g/dL. Calcium levels are reported in
mg/dL.

Histological analysis

After follow-up procedures, the ovarian tissues were
preserved in 10% formalin and embedded in paraffin
blocks.3 Serial sections at 5 um thickness were taken
from these blocks by using a microtome (Leica
RM2125RTS).Haematoxylin-eosin (H&E) was applied
and taken photos by using a light microscope (Olympus
Bx53, Tokyo, Japan). Two slides of every subject and
five- fields in each slide were examined and scored at
10x magnification to determine the ovaries’ tissue
damage levels and scored, which were scored by con-
sidering follicular cell degeneration, hemorrhage, vas-
cular congestion, and edema (0=none, l=weak,
2=moderate, 3=strong).The total score of tissue injury
was calculated by adding these scores.!'The follicle
degeneration was evaluated in the primordial, primary,
secondary, and graff follicles.

Avidin-biotin-peroxidase complex (ABC) staining was
used for [HC staining. We employed a 1:100 dilution of
a monoclonal CYC1 primary antibody (Elabscience, E-
AB-40271). CYC1 IHC was applied and taken photos by
using a light microscope (Olympus Bx53, Tokyo, Ja-
pan). Two slides from each subject and five fields on
each slide were examined at 10x magnification and
scored to determine the intensity of CYC1 immunore-
activity(0O=none, 1=weak, 2=moderate, 3=strong).3
Statistical Analysis
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The data from our study were analysed using the IBM
SPSS Statistical version 25 (IBM®, USA). The means and
standard deviations of the datawere calculated. Then, a
one-way ANOVA test was used to compare biochemical
data between groups. Post-hoc Tiirkiye test was used
for multiple comparisons in one-way ANOVA. Median,
minimum and maximum values were determined in
histological and immunohistochemical score evalua-
tions. Then, the Kruskal-Wallis test was used for com-
parisons between groups, and the Mann Whitney-U test
was used for pairwise comparisons of groups. In com-
parisons between groups, statistical significance was
accepted as p<0.05. In pairwise comparisons of groups,
the p value was considered significant at p<0.008 (p
value/number of tests=0.05/6) by applying Bonferroni
correction to avoid type 1 error. Since follicle degenera-
tion values of both control and albumin groups were
zero, they were excluded from the analysis.

RESULTS

Biochemical findings

The results of biochemical tests are shown in the table
(Table 1). TOS values of the control group were signifi-
cantly lower than those of the placebo and IR groups
(p=0.008, p=0.001, respectively). Again, the OSI values
of the control group were significantly lower than the
placebo and IR groups (p=0.019, p<0.001, respectively).
TOS values of the albumin group were significantly
lower than the IR group (p=0.018). Again, the OSI values
of the albumin group were significantly lower than
those of the IR group (p=0.004). Albumin and placebo
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groups were similar in terms of TOS and OSI scores.
Calcium, albumin, and TAS values did not show a sta-
tistically significant difference between the groups.
Histological findings

In the control group, hemorrhagic patches and edema
were seldom found surrounding the follicles. In the
cortex, there was little vascular congestion. The control
group showed no evidence of follicle degeneration. In
the medulla region, there were minor hemorrhagic
patches and vascular congestion (Figure 1, A-B).
Hemorrhagic areas and minor vascular congestion
were found in the cortex and medulla regions of the
albumin group at a similar level to the placebo group.
Edema ranged from moderate to extensive throughout
the tissue. The albumin group did not have follicle de-
generation (Figure 1, C-D).

The placebo group experienced follicle degeneration.
There were somewhat more hemorrhagic spots
throughout the tissue than in the control group, and
there was modest vascular congestion in the cortical
regions. Furthermore, there was mild to severe wide-
spread edema throughout the tissue. The medulla slice
showed moderate hemorrhage regions and modest
vascular congestion (Figure 1, E-F).

Follicle degeneration was detected in the IR group to a
lesser extent. Mild hemorrhagic patches were seen in
the cortex and medulla. Throughout the tissue, there
was some vascular congestion and moderate edema
(Figure 1, G-H).

Histopathological evaluation results are shown in the
table (Table 2). There was a statistically significant

Table 1. Comparisons of biochemical findings between groups (mean # SD).

Groups Calcium (mg/dL)  Albumin (g/dL) TAS (mmol/L) TOS (umol/L) 0slI
Control 9.32 +(0.452 3.42+0.23 1.60 £ 0.152 8.46 £ 4.462 0.52 +0.262
Albumin 9.92 £+ 0.652 3.50+0.152 1.58+0.20a 11.51 + 4.25ab 0.74 £ 0.30a0
Placebo 10.07 £ 0.362 3.31+0.212 1.53+0.062 18.89 + 8.47bc 1.22 +0.50bc
IR 9.73+0.722 3.33£0.292 1.43+0.51a 20.96 + 5.64¢ 1.56 £ 0.59¢
p-value* 0.071 0.336 0.639 0.001* <0.001*

*: p<0,05 (Oneway ANOVA). SD: Standard Deviations.ab<: Different superscripts in the same column indicate statistical differences
between groups (post-hoc Tukey p<0.05).
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Figure 1.H&E staining, 20x magnification (80pm). A-B. Control group,C-D. Albumin group, E-F.Placebo group, G-H. IR group.

(Straight arrow: Hemorrhage, Curved arrow: Edema, Arrowhead: Follicular degeneration, Vest arrow: Vascular congestion.)
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difference between the IR group and placebo groups in
terms of follicular degeneration (p=0.004). The differ-
ence in edema scores between the placebo and control
groups was statistically significant (p=0.007). There was
a statistically significant difference between the control
group and the placebo and IR groups in the total scoring
(p=0.008, p=0.003, respectively). There was no strong
difference between the groups in terms of vascular con-
gestion and hemorrhage.

Immunohistochemical findings

In the control group, no significant CYC1 immuno reac-
tivity was seen in follicle granulosa cells and theca lay-
ers. Ovarian connective tissue cells showed partial im-
mune reactivity. However, modest widespread immune
reactivity was seen in corpus luteum granulosa lutein
cells (Figure 2, A-B).

Weak CYC1 immuno positivity was identified in follicu-
lar granulosa cells and theca layers in the albumin
group, and weak CYC1 immuno reactivity in ovarian
connective tissue. In corpus luteum granulosa lutein
cells, immune positivity was shown to be somewhat
extensive (Figure 2, C-D).

The Placebo group showed moderate CYC1 positivity in

follicular granulosa cells and theca layers. Rare im-
mune reactivity was found in cumulus oophoruses.
Ovarian connective tissue cells showed somewhat ex-
tensive staining. In contrast, moderate and widespread
CYC1 immuno reactivity was seen in corpus luteum
granulosa lutein cells (Figure 2, E-F).

In the IR group, follicular granulosa cells and theca
layers showed moderate CYC1 immuno reactivity. In
ovarian connective tissue cells, immune reactivity
ranged from moderate to strong. In the corpus luteum,
granulosa lutein cells of the IR group, strong wide-
spread staining was seen (Figure 2, G-H).

CYC1 immunohistochemical examination results are
shown in the table (Table 3). In terms of CYC1 immuno
reactivity, a statistically important difference was iden-
tified between the control group and the other groups
(p<0.001 in all). Furthermore, there was a statistically
significant difference in CYC1 immuno reactivity re-
sults between the albumin group and the IR groups
(p=0.003). In terms of CYC1 immuno reactivity, there
was no statistical difference between the placebo and
IR groups.

Table 2. Comparisons of histopathological findings between groups [median (min - max)].

Groups Folllcle. Hemorrhage Vasct'llar Edema Total Score
Degeneration Congestion
Control 0(0-0) 1(0-1)a 0(0-1)a 1(0-1)a 2 (0-3)a
Albumin 0(0-0) 1(1-3)a 0 (0-1)a 1.5(1-3)ab 3(2-5)a
Placebo 0(0-1)2 1.5(0-3) 0 (0-1)2 2(1-3) 3.5(2-5)r
IR 1(0-1)® 1(0-2) 0.5(0-1)= 1.5(0-2)ap 3.5(2-5)r
p-value* <0.001* 0.126 0.639 0.034* 0.010*

*: p<0,05 (Kruskal wallis). min: Minimum. max: Maximum. ab: Different superscripts in the same column indicate statistical differences
between groups (Mann Whitney-u, p<0.008). Note: The comparison was done between placebo and IR groups for follicle degeneration.

Figure 2. CYC1 IHC staining, 20x magnifications(80um). A-B. Control group, C-D. Albumin group,E-F. Placebo group,G-H. IR group.

T e =% |

Table 3. Comparisons of CYC1 immunoreactivity between groups [median (min - max)].

Control Albumin

Placebo IR p-value*

cyc1 1(1-1)a 2(2-2)°

2.5(2-3)¢ 3 (2-3)c <0.001*

*: p<0,05 (Kruskal wallis).min: Minimum. max: Maximum.abe<: Different superscripts on the same row indicate statistical differences

between groups (Mann Whitney-u, p<0.008).
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DISCUSSION

An experimental bilateral IR model was generated in rat
ovaries for this investigation. The impact of intraperito-
neal albumin administration on ovarian tissue damage
and CYC1 immunoreactivity was studied.

In some experimental IR model investigations, there
was no change in serum calcium levels across the
groups.1516In our study, there was no significant differ-
ence between the groups in terms of serum calcium
levels. The comparison of serum calcium levels showed
that ovarian IR damage did not produce alterations in
serum calcium levels between groups.

Some articles in which it was constructed an experimen-
tal ovarian IR model showed that the greatest TOS lev-
els were in IR groups.217.18 In the experimental IR model
studies in the ovaries, it was found that TOS levels in the
IR groups were greater than those in the control
groups.1419-21 In this investigation, there was a signifi-
cant difference in terms of TOS levels between the
groups. TOS levels rose considerably in the IR group
(20.96+5.64 umol/L) and placebo group (18.89+8.47
umol/L) compared to the control group (8.46+4.46
umol/L). Furthermore, the TOS levels in the IR group
increased considerably as compared to the albumin
group (11.51#4.25 pumol/L). TOS levels in the control
and albumin groups revealed similar findings.

In other studies, it was discovered the lowest TAS levels
in IR groups in experimental ovarian IR model investi-
gations.21417-1921 [n the present study, there was no
powerful difference between the groups in terms of TAS
levels. Despite this, it was established that the IR group
had the lowest TAS levels in this study.

Studies on the experimental ovarian IR model stated
that the highest OSI levels were in the IR groups.17.18 In
some studies, they reported that the OSI level in the IR
group was higher than that of the control group.1419-21In
our study, a statistical difference in OSI levels was found
between the groups. OSI levels showed a significant
increase in the placebo group (1.22+0.50) and IR group
(1.32£0.42) compared to the control group (0.61+0.34).
In addition, the OSI levels of the IR group also increased
significantly compared to the albumin group
(0.74+0.30). OSI levels were similar in the control and
albumin groups.

Although the highest serum albumin values were seen
in the albumin group, there was no visible statistical
difference in serum albumin levels between the groups.
Although serum albumin levels were similar between
the groups, there were differences in TOS and OSI val-
ues. We considered these results as beneficial effect of
administration albumin against IR-induced damage.
Some studies showed that follicle degeneration in-
creased in IR groups compared to control groups in
their experimental IR model investigations on ova-
ries.1422-25 Some researchers discovered that follicle
degeneration was higher in IR groups in experimental
IR ovarian model investigations.2627 In this study, there
were significant variations in follicular degeneration
between the groups. Follicle degeneration was observed
to be considerably higher in the IR group than in the
other groups. This shows that albumin inhibits follicle
degeneration.

In some studies that used 3-hour each ischemia and
reperfusion in an experimental IR model on ovaries, it
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was stated that the hemorrhage in IR groups increased
compared to other groups.328-31 We found that there
was no difference between the groups in terms of hem-
orrhage in our study which used 2 hours each ischemia
and reperfusion. However, it was found that the hem-
orrhage was partially higher in the IR-applied groups
compared to the control group. In this case, we think
that the applied ischemia and reperfusion durations
are decisive in terms of hemorrhage.

Researchers discovered that vascular congestion in-
creased in the IR-applied groups compared to the con-
trol group in their investigation, in which they con-
structed an ovarian IR model.2422.23.28 [n this investiga-
tion, there was no difference in vascular congestion
across the groups. As in hemorrhage, we believe that
the applicable IR durations are critical in this scenario.

In experimental ovarian IR model investigations, some
researchers found that IR groups had the most
edema.17.2627 The other researchers, on the other hand,
observed that edema was greater in the IR group than
in the control group in their research in which they
produced an IR ovarian model.33! Decently, a substan-
tial difference was identified between the control
group and the placebo group in this investigation. The
results in our albumin and IR groups were similar to
those in the placebo and control groups. This discrep-
ancy is thought to be caused by saline supplied as a
placebo, which increases the amount of edema in the
placebo group.

Researchers noted that the IR groups had the greatest
total score in the ovarian investigations in which they
constructed an IR model.124 In comparable IR ovarian
experiments, scientists observed that IR treatment
significantly raised the total score.2232 In this study,
there was a significant difference in total scores be-
tween the control group and the placebo and IR
groups. The fact that the total score in the albumin-
treated group was similar to the control group and
slightly lower than the other IR-treated groups showed
that albumin provided some histological protection.

A study found that CYC1 transcription increased in IR
groups in their research of the cerebral IR model.33
Other studies showed that there was no change in
CYC1 immunoreactivity between the IR and control
groups in their investigation done in isolated rat
hearts.3*Another study declared that when they ana-
lysed the ovaries with fluoride, the CYC1 immunoreac-
tivity was strongerin the granulosa cells in the fluoride
groups than in the control group.35 In our investigation,
CYC1 immunoreactivity was considerably higher in the
IR-treated groups than that in the control group. How-
ever, because the level of CYC1 immunoreactivity in
the albumingroup was much lower than in the placebo
and IR groups, it is thought that albumin administra-
tion protects the tissue by lowering CYC1 immunoreac-
tivity.

CONCLUSION

According to biochemical investigations, oxidative
stress is decreased, particularly in the albumin group
treated with IR when compared to the IR group. The
groups had no differences in blood serum albumin or
calcium levels. Histological tests revealed that the size
of tissue damage increased considerably in the albu-
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min, placebo, and IR groups compared to the control
group. The fact is that CYC1, an indication of tissue dam-
age, displayed greater immunoreactivity in the IR and
placebo groups than in the control and albumin groups.
These results indicated that albumin had a tissue dam-
age-reducing impact. To minimize tissue damage in-
duced by ischemia in ovarian torsion, detorsion should
be administered as soon as feasible.

As a result, we believe that albumin, which has been
shown to lower elevated CYC1, ROS, and oxidative
stress levels, will play a supporting role in the IR ther-
apy process due to its antioxidant properties. More de-
tailed research is needed to back up the impact of albu-
min, which is a safe antioxidant.

Ethics Committee Approval: Permission for this study
was given by Kafkas University Animal Experiments
Local Ethics Committee (Decision Date: 23-09-2021)
(Decision No: 2021-138).

Peer Review: Externally independent.

Author Contributions: Consept-AAK; Design-AAK, SAB;
Supervision-SAB, AAK; Resources-AAK; Materials-SAB,
AAK; Data Collection and/or Processing-AAK, SAB;
Analysis and/or Interpretation-AAK, SAB; Literature
Search-AAK; Written Manuscript-AAK, SAB; Critical
Review-SAB, AAK.

Conflict of Interest: As the authors of this study, we
declare that we have no conflict of interest.

Funding: This study was supported by Kafkas Univer-
sity Scientific Research Projects Coordination Unit
(Project No: 2021-TS-93).

Acknowledgments: We would like to thank Assist. Prof.
Dr. Serdar YIGIT for his contributions to laboratory
processes.

Etik Komite Onay1: Bu ¢alisma icin izin Kafkas Univer-
sitesi Hayvan Deneyleri Yerel Etik Kurulu'ndan verildi
(Karar Tarihi: 23-09-2021) (Karar No: 2021-138).
Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilari: Fikir-AAK, SAB; Tasarim-AAK, SAB;
Denetleme-SAB, AAK; Kaynaklar-AAK; Malzemeler- SAB,
AAK; Veri Toplanmasi ve/veya islenmesi- AAK, SAB;
Analiz ve/veya yorum-AAK, SAB; Literatiir taramasi-
AAK; Yaziy1 yazan-AAK, SAB; Elestirel inceleme-SAB,
AAK.

Cikar Catismasi: Bu calismanin yazarlari olarak her-
hangi bir ¢ikar ¢atismamizin olmadigini beyan ederiz.
Finansal Destek: Bu calisma Kafkas Universitesi Bilim-
sel Arastirma Projeleri Koordinasyon Birimi tarafindan
desteklenmistir (Proje No: 2021-TS-93).

TesekkKiir: Laboratuvar slireglerine katkilarindan
dolay1 Dr. Ogr. Uyesi Serdar YiGIT'e tesekkiir ederiz.

REFERENCES

1. Karagor T, Dogan Z, Elibol E, Biilbiil M, Nacar MC.
Effects of iloprost on experimental ischemia and
reperfusion injury in rat ovary. Biotech Histochem.
2020;95(5):373-380. doi:10.1080/10520295. 20
19.1703219.

2. Kaplan S, Tirk A. Effects of vitamin B12 on rat
ovary with ischemia-reperfusion injury. Biotech
Histochem. 2022;97(4):284-289. doi:10.1080/10
520295.2021.1961863.

3. Toktay E, Tastan TB, Glirbliz MA, et al. Potential

10.

11.

12.

13.

14.

15.

16.

17.

protective effect of astaxanthin on ovary ischemia
-reperfusion injury. Iran J Basic Med Sci. 2022;25
(2):173-178. doi:10.22038/1JBMS.2022.61289.13
559.

Soyman Z, Kelekgi S, Sal V, Sevket O, Bayindir N,
Uzun H. Effects of apigenin on experimental ische-
mia/reperfusion injury in the rat ovary. Balkan
Med ]. 2017;34(5):444-449. doi:10.4274 /balkan
medj.2016.1386.

Kumar V, Abbas AK, Aster JC (eds): Robbins Basic
Pathology, 10th ed. Saunders Publications,
c2018:42-48.

Galaris D, Barbouti A, Korantzopoulos P. Oxidative
stress in hepatic 1schemia-reperfusion injury: The
role of antioxidants and iron chelating com-
pounds. Curr Pharm Des. 2006;12(23):2875-2890.
doi:10.2174/138161206777947614.

Toklu H, Deniz M, Yiiksel M, Keyer-Uysal M, Sener
G. The protective effect of melatonin and amlodip-
ine against cerebral ischemia/reperfusion-
induced oxidative brain injury in rats. Marmara
Med ]. 2009;22(1):34-44.

Kalogeris T, Baines CP, Krenz M, Korthuis R]. Cell
biology of ischemia/ reperfusion injury. Int rev
cell mol bio. 2012;298(6):229-317. doi:10.1016/
B978-0-12-394309-5.00006-7.

Keskin C. CYC1 Geni Transkripsiyonuna Etki Eden
Apoptotik Faktérlerin Arastirilmasi. Uludag Uni-
versitesi Fen Bilimleri Enstitiisii, Yiiksek Lisans
Tezi, Bursa, Tiirkiye, c2018:1-2.

Zhu Y, Li M, Wang X, et al. Caspase cleavage of
cytochrome c1 disrupts mitochondrial function
and enhances cytochrome c release. Cell Res.
2012;22(1):127-141. d0i:10.10 38/cr.2011.82.

De Simone G, di Masi A, Ascenzi P. Serum albumin:
A multifaced enzyme. Int | Mol Sci. 2021;22
(18):10086. doi:10.3390/ijms221810086.
Sampaio de Holanda G, dos Santos Valenga S, Ma-
ran Carra A, et al. Sulforaphane and albumin at-
tenuate  experimental intestinal ischemia-
reperfusion injury. J Surg Res. 2021;262:212-223.
doi:10.1016/j.jss.2021.01.014.

Schreuder AB, Rice AC, Vanikova ], Vitek L,
Shapiro SM, Verkade HJ. Albumin administration
protects against bilirubin-induced auditory brain-
stem dysfunction in gunn rat pumps. Liver Int.
2013;33:1557-1565. d0i:10.1111/1iv.12219.
Candar T, Uzunlar O, Kiseli M, Ozcan S. The effect
of folate on ischemia/reperfusion injury in a rat
adnexal torsion model. Arch Gynecol Obstet.
2021;303(6):1495-1500.  doi:10.1007/s00404-
020-05934-3.

Lempidinen ], Finckenberg P, Mervaala EE, et al.
Dexmedetomidine preconditioning ameliorates
kidney ischemia-reperfusion injury. Pharmacol
Res Perspect. 2014;2(3):e00045. doi:10.1002/
prp2.45.

Tsompos C, Panoulis C, Toutouzas K, Zografos G,
Papalois A. The effect of the antioxidant drug “U-
74389G” on serum calcium during ischemia
reperfusion injury in rats. Pravara Med Rev.
2014;6(2):9-13. doi:10.5835/jecm.omu.31.02.00
8.

Yeral I, Sayan CD, Karaca G, et al. What is the pro-

180 Saglik Bilimleri Dergisi (Journal of Health Sciences) 2024 ; 33 (2)



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

tective effect of krill oil on rat ovary against ische-
mia-reperfusion injury? | Obstet Gynaecol Res.
2019;45(3):592-599. d0i:10.1111/jog.13876.
Demir M, Yilmaz B, Kalyoncu S, et al. Metformin
reduces ovarian ischemia reperfusion injury in rats
by improving oxidative/nitrosative stress. Taiwan ]
Obstet Gynecol. 2021;60(1):45-50. doi:10.1016/
j-tjog.2020.10.004.

Yurtcu E, Togrul C, Ozyer S, et al. Dose dependent
protective effects of vardenafil on ischemia-
reperfusion injury with biochemical and histopa-
thologic evaluation in rat ovary. J Pediatr Surg.
2015;50(7):1205-1209. doi:10.1016/j.jpedsurg.20
14.12.013.

Tokgoz VY, Sipahi M, Keskin O, Guvendi GF, Takir S.
Protective effects of vitamin D on ischemia-
reperfusion injury of the ovary in a rat model. Iran
J Basic Med Sci. 2018;21(6):593-599. doi:10.22
038/1JBMS.2018.26914.6581.

Taskin MI, Hismiogullari AA, Yay A, et al. Effect of 2
-aminoethoxydiphenyl borate on ischemia-
reperfusion injury in a rat ovary model. Eur J Obstet
Gynecol Reprod Biol. 2014;178:74-79.
doi:10.1016/j.ejogrb.2014.03.049.

Dayangan Sayan C, Karaca G, Sema Ozkan Z, et al.
What is the protective effect of metformin on rat
ovary against ischemia-reperfusion injury? J Obstet
Gynaecol Res. 2018;44(2):278-285. doi:10.1111/
jog.13524.

Ersoy Canillioglu Y, Erkanli Senturk G. Alterations
of il-1 and VEGF after ischemia-reperfusion injured
uterus and ovary in rats. Medeni Med ].2020;35
(2):106-115.d0i:10.5222 /MM].2020.67026.

Demir Caltekin M, Ozkut MM, Caltekin I, et al. The
protective effect of JZL184 on ovarian ischemia
reperfusion injury and ovarian reserve in rats. J
Obstet  Gynaecol Res. 2021;47(8):2692-2704.
doi:10.1111/jog.14859.

Tirkler C, Kulhan NG, Ata N, Kiremitli T, Cimen FK,
Suleyman H. The ameliorative effect of lutein on
ovarian ischemia reperfusion injury in rats. Bratisl
Lek Listy. 2018;119(11):713-717. doi:10.4149/
BLL_2018_127.

Kurek Eken M, Sahin Ersoy G, Kaygusuz EI, et al.
Etanercept protects ovarian reserve against ische-
mia/ reperfusion injury in a rat model. Arch Med
Sci.  2019;15(4):1104-1112. doi:10.5114/aoms.
2017.72406.

Geyikoglu F, Koc K, Erol HS, et al. The propolis and
boric acid can be highly suitable, alone/or as a
combinatory approach on ovary ischemia-
reperfusion injury. Arch Gynecol Obstet. 2019;300
(5):1405-1412. doi:10.1007 /s00404-019-05303-9.
Colak S, Koc K, Yildirim S, Geyikoglu F. Effects of
boric acid on ovarian tissue damage caused by
experimental ischemia/reperfusion. Biotech Histo-
chem. 2022;97(6):415-422. doi:10.1080/105202
95.2021.2012823.

Behroozi-Lak T, Zarei L, Moloody-Tapeh M, Farhad
N, Mohammadi R. Protective effects of intraperito-
neal administration of nimodipine on ischemia-
reperfusion injury in ovaries: Histological and bio-
chemical assessments in a rat model. / Pediatr Surg.
2017;52(4):602-608. doi:10.1016/j.jpedsurg.

Saglik Bilimleri Dergisi (Journal of Health Sciences) 2024 ; 33 (2)

30.

31.

32.

33.

34.

35.

Kahraman AA, Bingél SA

2016.09.067.

Karakas S, Kaya C, Giiraslan H, et al. Effect of met-
formin and detorsion treatment on serum anti-
mullerian hormone levels and ovarian histopa-
thology in a rat ovarian torsion model. Turk ] Med
Sci. 2020;50(2):455-463. do0i:10.3906/sag-1803-
196.

Yildirim N, Yigittiirk G, Sahing6z Yildirim AG, et al.
Octreotide protects ovary against ischemia-
reperfusion injury in rats: Evaluation of histologi-
cal and biochemical parameters. J Obstet Gynaecol
Res. 2015;41(10):1591-1597. doi:10.1111/jog.
12770.

Yapca OE, Kumbasar S, Salman S, et al.Controlled
reperfusion for different durations in the treat-
ment of ischemia-reperfusion injury of the rat
ovary: Evaluation of biochemical features, mo-
lecular gene expression, and histopathology. Can |
Physiol Pharmacol. 2015;93(4):269-274.
doi:10.1139/cjpp-2014-0359.

Li L, Zhi D, Cheng R, Li ], Luo C, Li H. The neuro-
protective role of SIRT1/PGC-1a signaling in limb
postconditioning in cerebral ischemia/
reperfusion injury. Neurosci. Lett.
2021;749:135736. doi:10.1016/j.neulet.2021.13
5736.

Mglgaard S, Faricelli B, Salomonsson M, Engstrgm
T, Treiman M. Increased myocardial vulnerability
to ischemia-reperfusion injury in the presence of
left ventricular hypertrophy. /] Hypertens. 2016;34
(3):513-523. do0i:10.1097/HJH.00000000000008
26.

Zhao WP, Wang HW, Liu ], Zhang ZH, Zhu SQ, Zhou
BH. Mitochondrial respiratory chain complex ab-
normal expressions and fusion disorder are in-
volved in fluoride-induced mitochondrial dysfunc-
tion in ovarian granulosa cells. Chemos-
phere.2019;215:619-625. doi:10.1016/j.chemos
phere.2018.10.043.

181



