
Abstract
!

Purpose: Aim of the study was to evaluate the ef-
fects of high dose methylprednisolone on experi-
mental ovarian torsion-detorsion injury in rats.
Materials and Methods: Twenty-two Sprague-
Dawley rats were randomly divided into three
groups. Group 1 (ischemia group, 8 rats) were
subjected to left adnexal torsion for 2 h but re-
ceived no treatment. Group 2 (methylpredniso-
lone group, 8 rats) were subjected to left adnexal
torsion for 2 h and received methylprednisolone
(30mg/kg, administered intraperitoneally) at the
end of a 2-hour ischemic period followed by 24-
hour reperfusion. Group 3 (control group, 6 rats)
underwent a sham operationwith no adnexal tor-
sion and no treatment.
Results: Serum malondialdehyde (MDA), ische-
mia-modified albumin (IMA), total oxidant status
(TOS) and tissue MDA levels were increased in
Group 1 rats; total antioxidant status (TAS) levels
and oxidative stress index (OSI) were significantly
decreased compared with rats in Groups 2 and 3
(p < 0.05). MDA, IMA, TOS and tissue MDA levels
were lower and TAS levels and OSI were higher
in Group 3 compared to Group 2. Ovarian damage
scores in Group 1 were significantly higher com-
pared with Groups 2 and 3 (p < 0.05).
Conclusion: This study demonstrated that high
dose methylprednisolone reduces ovarian ische-
mia/reperfusion injury.

Zusammenfassung
!

Fragestellung: Ziel der Studie war es, die Effekte
von hohen Dosen Methylprednisolon auf experi-
mentelle ovariale Torsion-Detorsions-Verletzun-
gen bei Ratten zu bewerten.
Material und Methoden: 22 Sprague-Dawley-
Ratten wurden in 3 Gruppen randomisiert. In
Gruppe 1 (Ischämiegruppe, 8 Ratten) wurde der
linke Adnex 2 h einer Torsion unterzogen, es er-
folgte keine Behandlung. In Gruppe 2 (Methyl-
prednisolon-Gruppe, 8 Ratten) wurde nach 2-
stündiger Torsion des linken Adnexes und der da-
mit verbundenen Ischämie Methylprednisolon
(30mg/kg, intraperitoneal) verabreicht, es folgte
eine 24-Stunden-Reperfusion. Gruppe 3 (Sham-
Operationsgruppe als Kontrollgruppe, 6 Ratten)
blieb ohne Torsion des Adnexes oder Behandlung.
Ergebnisse: Serum-Malondialdehyd (MDA),
Ischämie-modiziertes Albumin (IMA), Gesamt-
oxydationsmittelstatus (TOS) und MDA-Level in
Gewebe waren in den Gruppe-1-Ratten erhöht;
das Niveau des Gesamtantioxydationsmittelsta-
tus (TAS) und der Index des oxidativen Stresses
(OSI) waren im Vergleich zu Gruppe-2- und Grup-
pe-3-Ratten signifikant verringert (p < 0,05). In
Gruppe 3 waren die MDA-, IMA-, TOS- und Gewe-
be-MDA-Level niedriger und die TAS- und OSI-Le-
vel höher als in Gruppe 2. Der Grad des resultie-
renden ovarialen Schadens war in Gruppe 1 sig-
nifikant höher als in Gruppe 2 und 3 (p < 0,05).
Schlussfolgerung: Diese Studie demonstrierte,
dass hoch dosiertes Methylprednisolon ovariale
Ischämie-/Reperfusions-Verletzungen reduziert.
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Introduction
!

Ovarian torsion is the twisting of the ovary and/or tube on its lig-
amentous support. It is a rare but serious event with an incidence
of 2.7% and requires emergency gynecological surgery [1]. If
ovarian torsion is diagnosed and treated early with surgical de-
torsion of the involved segments, the outlook for preserving fer-
tility is good [2].
Ischemic damage caused by decreased adnexal circulation due to
torsion is one possible cause of adnexal injury, with lipid peroxide
levels in tissue and IMA levels in plasma increasing as a result of
hypoxia resulting from the decrease in blood flow [3,4]. However,
it has been shown that the detorsion process can lead to excessive
production of reactive oxygen species (ROS) such as superoxide
anions, hydrogen peroxide, and hydroxyl radicals [5,6].
The precise mechanisms of corticosteroid effects have not yet
been elucidated. Inhibition of inflammatory cytokines, modula-
tion of inflammatory/immune cells, the improvement of blood
flow and the prevention of intracellular and extracellular Ca2+

current, cell degeneration have all been proposed [7]. Inhibition
of lipid peroxidation has been hypothesized to be the most pro-
tective effect of glucocorticoids, andmethylprednisolone appears
to be particularly efficacious compared with other glucocorti-
coids [8]. The protective effect of methylprednisolone may be
due to its anti-inflammatory properties or because of a direct im-
pact on vascular permeability and edema [9,10].
The aim of this study was to investigate the effect of high dose
methylprednisolone with its antioxidant and membrane-stabi-
lizing characteristics on recovery from ischemia-reperfusion in-
jury in an experimental rat adnexal torsion model.
Materials and Methods
!

Rat model
A total of 22 female adult Sprague-Dawley rats weighing between
145–280 g were used in this study. The animals were obtained
from the Karadeniz Technical Universityʼs Experimental Animal
Laboratory. Animals were housed at the Animal Research Center
of Karadeniz Technical University and were kept under constant
laboratory conditions at room temperatures of 20°C to 22°C in a
12-hour light-dark cycle, and were allowed free access to food
and water. The experimental protocol was approved by the Ani-
mal Care and Ethics Committee of the Faculty of Medicine, Kara-
deniz Technical University (approval number: 2011/16). The sur-
gical procedures described below were performed in accordance
with the guidelines of the National Institutes of Health. The study
teamwas blinded to the randomized groups.
Rats were allocated into one of 3 groups as follows:
" Group 1 (torsion group, 8 rats); rats were subjected to left ad-

nexal torsion for 2 h but received no further treatment;
" Group 2 (methylprednisolone group, 8 rats); rats were sub-

jected to left adnexal torsion for 2 h. At the end of 2-hour ische-
mia, methylprednisolone (30mg/kg, intraperitoneally) was
administered and 24-hour reperfusion was continued;

" Group 3 (sham-operated group serving as controls, 6 rats); rats
had no adnexal torsion and received no treatment.

Anesthesia and surgical procedure
All rats were weighed and anesthetized with a mixture of 50mg/
kg body weight ketamine hydrochloride (Ketalar, Eczacıbaşı, Is-
tanbul, Turkey) and 10mg/kg body weight xylazine (Rompun,
Bayer, Leverkusen, Germany) injected intraperitoneally. They
were allowed to breath spontaneously (not intubated) during
the study. Abdomens were shaved and cleaned with a 10% solu-
tion of polyvinyl pyrrolidone/iodine. A longitudinal incision was
performed in the midline area of the lower abdomen. A small
peritoneal incision was made, and the uterine horns and adnexa
were located. In the ischemia groups (Groups 1 and 2), left unilat-
eral ovarian ischemia was induced by applying two vascular clips
using a silicone catheter to increase the pressure, one below the
left ovary and the other in the uterus. In the torsion group, the
clips were removed after a 2-hour period of ischemia, and the left
ovary was surgically removed for histological examination. In the
methylprednisolone group, following left unilateral ovarian is-
chemia with two vascular clips for a period of 2 hours, 30mg/kg
methylprednisolone was administered intraperitoneally, the in-
cision was closed in layers and 24-hour reperfusion was contin-
ued. Until the end of the experimental protocol (24 hours), the
animals were housed in a temperature-controlled room with
food and water provided ad libitum. At the end of 24 hours, rats
were anesthetized by intraperitoneal administration of 50mg/kg
ketamine hydrochloride and 10mg/kg xylazine hydrochloride,
and relaparatomywas done in all groups of rats. A 1.5–2ml blood
sample was taken from the abdominal aorta of each rat for bio-
chemical examination. After taking the blood samples, the left
ovaries were surgically removed. Ovaries were bisected, with
one half used to determine MDH levels in ovarian tissue and the
other half fixed in a 10% formaldehyde solution for histological
examination. All rats were sacrificed by drawing arterial blood
from the aorta of the abdomen.

Histological examination
Ovarian tissues were fixed in 10% neutral buffered formalin solu-
tion for 48 h, dehydrated, cleared in xylene, and embedded in
paraffin. Sections (5 µm) were cut and stained with hematoxylin
and eosin (H& E) and observed by light microscopy to investigate
histological alterations. All sections were examined with a pho-
tomicroscope (BX-51; Olympus, Tokyo, Japan) and photographed.
At least five microscopic areas of each ovary in each group were
randomly selected, and examined to determine the semiquanti-
tative score of the specimen. The criteria for ovarian injury were:
follicular cell degeneration, vascular congestion, hemorrhage and
infiltration by inflammatory cells. Each specimen was scored for
each criterion, using a scale ranging from 0 to 3 (0: none; 1: mild;
2: moderate; 3: severe) [11]. The ovarian sections were all ana-
lyzed by the same histologist blinded to the groups (E.Y).

Specimens
Blood samples were withdrawn from the ascending aorta of rats,
placed into plain tubes containing separation gels and allowed to
clot for 30min. Serum samples were prepared by 15min centri-
fugation at 3000 rpm. Tissue and blood samples were kept at
−80°C until biochemical analysis.

Serum malondialdehyde (MDA) activity assay
Lipid peroxidation in rat serum samples was determined based
onmalondialdehyde concentrations, using the method described
by Yagi [12]. Briefly, 2.4mL of N/12 H2SO4 and 0.3mL of 10%
phosphotungstic acid were added to 0.3mL of serum. After
standing at room temperature for 5min, the mixture was centri-
fuged at 1600 g for 10min. The supernatant was discarded and
the sediment was suspended in 4ml of distilled water. Subse-
quently, 1mL of 0.67% thiobarbituric acid was added, and the
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mixture was heated in boiling water for 60min. The mixture was
centrifuged at 1600 g for 10min. Absorbance of the organic layer
was read at 532 nm. Tetramethoxypropane was used as a stan-
dard and MDA levels were calculated as nmol/ml.

Serum ischemia-modified albumin (IMA)
Reduced cobalt to albumin binding capacity (IMA level) was ana-
lyzed using the rapid and colorimetric method of Bar-Or et al.
[13]. Two hundred µL of rat serum were placed into glass tubes
and 50 µL of 0.1% cobalt chloride (Sigma, CoCl2.6H2O) in H2O
were added. After gentle shaking, the solution was left for 10
minutes to ensure sufficient cobalt albumin binding. Fifty micro-
liters of dithiothreitol (DTT) (Sigma, 1.5mg/ml H2O) were added
as a colorizing agent, and the reaction was quenched 2min later
by adding 1.0mL of 0.9% NaCl. A colorimetric control was pre-
pared for preoperative and postoperative serum samples. In the
colorimetric control samples, 50 µL of distilled water was substi-
tuted for 50 µL of 1.5mg/mL DTT. Specimen absorbance was ana-
lyzed at 470 nm by a spectrophotometer (Shimadzu UV1601,
Australia). The color of the DTT-containing specimens was com-
pared with that of the colorimetric control tubes. The results
were reported as absorbance units (ABSUs).

Measurement of total antioxidative capacity (TAC)
The total antioxidant status of the serumwas determined using a
novel-automated measurement method, as developed and de-
scribed by Erel [14].

Measurement of total oxidant status (TOS)
TOS of serumwas determined using a novel automated measure-
ment method as previously described [15].

Oxidative stress index (OSI)
The percentage ratio of the total peroxide level to the TAC was
used to calculate the oxidative stress index (OSI) [16].

Tissue MDA activity assay
Left ovarian tissues were weighed and homogenized in ice-cold
1.15% KCl (2 and 10% w/v, respectively). The homogenate was
centrifuged at 2000 g for 10min. MDA levels in tissue samples
were determined using the method of Mihara and Uchiyama
[17]. Tetramethoxypropane was used as a standard and tissue
MDA levels were calculated as nmol/g wet tissue.
Table 1 Characteristic of biochemical and tissue mesurements in rats with left ov

Torsion group

(n = 8)

High dose me

nisolone grou

Weight (g) 223 ± 43.00 198 ± 26.31

SerumMDA (nmol/mL) 2.11 ± 0.54 0.38 ± 0.10

Serum IMA 1.05 ± 0.08 0.69 ± 0.11

TAS 0.56 ± 0.10 1.47 ± 0.39

TOS 50.55 ± 13.72 23.48 ± 4.28

OSI 9.27 ± 2.87 1.78 ± 0.89

Tissue MDA of left ovary (nmol/mL ·g) 177.27 ± 51.83 70.98 ± 25.40

Values are mean ± SD.

MDA: malondialdehyde, IMA: ischemia-modified albumin, TAS: total antioxidant status, TOS:

pa: Comparison of torsion group with high dose methylprednisolone group.

pb: Comparison of torsion group with control group.

pc: Comparison of high dose methylprednisolone group with control group.
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Statistical analysis
The Statistical Package for the Social Sciences program (SPSS ver-
sion 13.0; SPSS Inc., Chicago, IL, USA) was used for statistical anal-
ysis. Comparisons between groups were performed by Kruskal-
Wallis analysis of variance and Mann Whitney U tests. Results
are expressed as mean ± SD. A p value less than 0.05 was consid-
ered statistically significant.
Results
!

There was no statistical difference in mean weights between any
of the groups examined (l" Table 1). Serum MDA, IMA, TOS and
tissue MDA levels in Group 1 were significantly increased. TAS
levels and OSI were significantly decreased compared with
Groups 2 and 3 (l" Table 1). MDA, IMA, TOS and tissue MDA levels
were lower and TAS levels and OSI were higher in Group 3 com-
pared to Group 2 (l" Table 1). Ovarian damage scores in Group 1
were significantly higher compared with Groups 2 and 3. Semi-
quantitative and the mean total histopathological scores for the
left ovaries (scores of the four ovarian damage parameters) are
shown inl" Table 2. Ovaries of the control group (Group 3) exhib-
ited a normal microscopic structure (l" Fig. 1). Significant struc-
tural differences were observed in the torsion group (Group 1),
where widespread severe hemorrhage and moderate vascular
congestion were noted (l" Fig. 2). In the methylprednisolone
group (Group 2), ovarian sections showed mild hemorrhage (↑)
and moderate vascular congestion (l" Fig. 3). Ovarian damage
scores in Group 1 were significantly higher compared with
Groups 2 and 3 (l" Table 2). The morphological changes noted in
Group 1were partially reversed in Group 2 by the administration
of high dose methylprednisolone.
Discussion
!

Several factors have been associated with ischemia/reperfusion
injury, including free radicals and neutrophils [18]. Free oxygen
radicals, which are created as a result of the reperfusion injury,
react with lipids and cause the formation of lipid peroxides. As
was noted in the present study, increased levels of tissueMDA in-
dicate the level of lipid peroxidation in tissue, which is consid-
ered amarker of tissue injury [19]. Peroxidation of lipids disrupts
arian injury.

thylpred-

p (n = 8)

Control group

(n = 6)

p

pa pb pc

199 ± 31.84 > 0.05 > 0.05 > 0.05

1.24 ± 0.67 < 0.01 < 0.01 < 0.01

0.85 ± 0.06 < 0.01 < 0.01 < 0.05

0.92 ± 0.07 < 0.01 < 0.01 < 0.05

32.30 ± 6.66 < 0.01 < 0.05 < 0.05

3.52 ± 0.86 < 0.01 < 0.01 < 0.01

111.62 ± 37.61 < 0.01 < 0.05 < 0.05

total oxidant status, OSI: oxidative stress index



Table 2 Semiquantitative scores for left ovarian damage of histological specimen

Torsion group

(n = 8)

High dose

nisolone g

Follicular cell degeneration 1.73 ± 0.46 1.00 ± 0.00

Vascular congestion 2.63 ± 0.51 1.25 ± 0.46

Hemorrhage 2.38 ± 0.51 1.38 ± 0.51

Inflammatory cell infiltration 1.75 ± 0.46 1.13 ± 0.35

Total 8.50 ± 1.51 4.75 ± 1.03

Values are mean ± SD.

pa: Comparison of torsion group with high dose methylprednisolone group.

pb: Comparison of torsion group with control group.

pc: Comparison of high dose methylprednisolone group with control group.

Fig. 1 In the control group, ovarian sections showed a normal ovarian
structure. No pathological changes were noted in the ovarian sections
(H & E × 200).

Fig. 2 In the torsion group, ovarian sections showed severe hemorrhage
(←), moderate vascular congestion (▼), follicular cell degeneration and in-
flammatory cell infiltration (H & E × 200).

Fig. 3 In the high dose methylprednisolone group, ovarian sections
showed mild hemorrhage (↓) and moderate vascular congestion (▲)
(H & E × 200).
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the membrane and forms toxic substances such as aldehydes
[20]. The IMA-generating mechanism may be due to the reactive
oxygen species produced during ischemia [3,4]. The anti-inflam-
matory effects of glucocorticoids are primarily resulted from glu-
cocorticoid receptors by the reduction of inflammation-induced
prostaglandin production through inhibition of the expression of
phospholipase A2 and cyclo-oxygenase-2 or from direct effects
on vascular permeability and edema [10]. As was also in previous
studies [7,8,19,20], the administration of high dose methylpred-
nisolone significantly decreases levels of serum and tissue MDA,
which in the present study indicated that methylprednisolone
administration decreased the severity of lipid peroxidation and
oxidative stress. In addition, in this study, high dose methylpred-
nisolone was found to normalize serum TAS, TOS and IMA levels.
We suggest that OSI was increased in the methylprednisolone
group because of decreased TOS and increased TAS. Evaluation
of histological parameters in the present study also showed that
treatment with high dose methylprednisolone reduced the ex-
tent of ischemia/reperfusion tissue injury in rats. Our findings
show that oxidative stress is an important element in ovarian tor-
sion and high dose methylprednisolone may protect the ovary by
reducing oxidative injury during ischemia/reperfusion. The pro-
tective effect of methylprednisolone may be attributable to its
ability to upregulate the antioxidant capacity in rat ovaries.
s.

methylpred-

roup (n = 8)

Control group

(n = 6)

p

pa pb pc

0.33 ± 0.51 < 0.05 < 0.01 < 0.05

0.33 ± 0.51 < 0.01 < 0.01 < 0.05

0.00 ± 0.00 < 0.01 < 0.01 < 0.01

0.33 ± 0.51 < 0.05 < 0.01 < 0.05

1.00 ± 0.63 < 0.01 < 0.01 < 0.01
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In conclusion, high dose methylprednisolone treatment reduced
the ischemia/reperfusion-induced oxidative injury and signifi-
cantly increased the OSI. However, further studies are needed to
determine the precise protective mechanism of high dose meth-
ylprednisolone on ischemia/reperfusion injury in ovarian tissue.
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