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ABSTRACT

This study aimed to investigate the protective and antioxidant role of losartan in ovarian ischaemia
and ischaemia/reperfusion injury in an experimental ovarian torsion model. Thirty adult female rats
were used. Rats were separated randomly into five groups; Group 1: sham group (abdominal wall was
only opened and closed), Group 2: torsion group with 3-hour ischaemia using atraumatic vascular clips.
Group 3: torsion + losartan group with 3-hour ischaemia 30 minutes after the administration of 40 mg/
kg of losartan via oral gavage. Group 4: torsion-detorsion group with 3-hour ischaemia and 3-hour
reperfusion (vascular clips were removed). Group 5: torsion-detorsion + losartan group with 3-hour
ischaemia followed by administration of 40 mg/kg of losartan 30 minutes prior to a 3-hour detorsion/
reperfusion. Ovarian tissue damage was scored by histopathological analysis. Ovarian tissue malondial-
dehyde (MDA) and plasma pentraxin 3 (PTX 3) levels were measured biochemically. In comparison with
the sham group, both the torsion and torsion-detorsion groups had significantly higher scores for fol-
licular degeneration, vascular congestion, oedema, haemorrhage, and leukocyte infiltration (p <.05).
The aforementioned parameters significantly decreased in the torsion-detorsion + losartan group
(p < .01) compared to those in the torsion-detorsion group. MDA and plasma PTX 3 levels were notably
higher both in the torsion and torsion-detorsion groups compared with those in the sham group
(p <.01). The current experimental ovarian torsion study suggests a protective role for losartan upon
ischaemia and ischaemia/reperfusion injury in rat ovaries. Losartan may be a novel agent for decreasing
ovarian ischaemia/reperfusion injury in ovaries.

IMPACT STATEMENT

e What is already known on this subject? Among gynaecological emergencies, the diagnosis of
ovarian torsion is highly difficult. A delayed diagnosis may lead to ovarian necrosis and subsequent
loss of ovaries if timely surgical intervention is not performed, which is essential for the fertility and
protection of ovarian functions in young patients. However, reperfusion of the ischaemic tissue
might leads to more serious damage to the tissue than the damage caused by ischaemia.

e What the results of this study add? This study found that losartan, an Ang Il type 1 receptor
blocker which has been currently used for regulation of blood pressure, could be used experimen-
tally to alleviate I/R injury in ovary through improving histological parameters, reducing tissue MDA
and plasma PTX3 levels. To date, there is no study regarding the usage of losartan for alleviating I/
R on ovary due to torsion.

e What the implications are of these findings for clinical practice and/or further research?
Losartan may be suggested to have therapeutic value in patients with ovarian torsion. Further large
clinical studies are necessary to prove the beneficial effect of losartan to prevent I/R injury on
human ovaries.
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Introduction

Ovarian torsion is one of the most prominent gynaecological
emergencies with a frequency of 2.7-7.4% depending on the
series and occurs most commonly during the reproductive
years, with the average patient being in her mid-20s (Sasaki
and Miller 2014). It is defined as the twisting of the ovary
and/or tube around its own vascular axis. Patients with
adnexal torsion present with acute, severe, unilateral lower
abdominal and/or pelvic pain, and nausea in addition to

vomiting. Hence, detorsion of the ovary is surgically imple-
mented to maintain its proper blood supply (Soltani et al.
2017). Ovulation induction, ovarian and/or paratubal cysts,
hyperlaxity of the infundibulopelvic or utero-ovarian liga-
ments have been considered as risk factors of this emergent
condition. When diagnosed early, the adnexa can be
unwound. However, the diagnosis is often delayed due to
the inconsistent presenting symptoms and signs as well as
intermittent pain. When the diagnosis is delayed, the adnexa
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becomes congested, ischaemic, haemorrhagic, and necrotic.
Misdiagnosis or delay in treatment can have permanent
sequel including loss of an ovary which affects future fertility,
peritonitis, pelvic thrombophlebitis, and even death (Shokri
et al. 2018).

Pre-operative Doppler ultrasonography may be helpful in
making a diagnosis. Surgical detorsion of the twisted ovary is
recommended even if tissues are cyanotic (Becker et al.
2009). After detorsion, restoration of blood flow, results in
ischaemia-reperfusion (I/R) injury which leads to the occur-
rence of morphological, histological, and biochemical altera-
tions within the ovarian tissue. Reperfusion leads to the
release of free oxygen radicals and reactive oxygen species
(ROS) such as superoxide, hydrogen peroxide, and hydroxyl
radicals from neutrophils, macrophages, and dendritic cells
that accelerate secondary tissue injury. Endothelial disruption,
local inflammatory responses, DNA damage, and finally gran-
ulosa cell apoptosis can occur due to increased levels of ROS.
Elevated levels of ROS cause oxidative stress that promotes
cell death. Moreover, oxidative stress has a devastating effect
on DNA, hence it is the base of injury in the epithelium of
ovary (Shokoohi et al. 2019). Despite basic and clinical
research efforts, a detailed mechanism of I/R injury has not
been described (Wu et al. 2018). At this stage, the use of
antioxidant agents helps to support the self-defence mechan-
ism of cells affected by I/R injury. Pentraxin 3 (PTX3) is a
member of a phylogenetically conserved group of acute-
phase reactants that are involved in inflammation and innate
immunity. PTX3 levels increase after I/R injury. Zhu H. et al.
reported that both mRNA and protein expression levels of
PTX3 were increased following myocardial I/R injury (Zhu
et al. 2014). In another study, serum and tissue levels of PTX3
were similarly elevated after intestinal I/R injury (Souza et al.
2009). Malondialdehyde (MDA) is one of the end products of
lipid peroxidation, which increases in oxidative stress. MDA, is
also a prototype of the thiobarbituric acid reactive substan-
ces (TBARS). Previous studies reported that both tissue and
serum MDA levels increased as a result of I/R injury (Abali
et al. 2013).

Angiotensin Il (Ang Il), the main effector of the renin-
angiotensin system (RAS) and its receptors appear to be
strongly associated with I/R injury. Furthermore, Ang Il indu-
ces oxidative stress injury by producing excessive amounts of
reactive oxygen species (Kobori et al. 2007). Ang Il type 1
receptor blockers (AT;-R) are commonly used for the treat-
ment of hypertension to prevent end-organ damage.
Losartan, a blocker of the Ang Il type 1 receptor, inhibits oxi-
dative damage in cells resulting from I/R injury. Numerous
Ang Il type 1 receptor blockers can be used to protect tissues
and alleviate the detrimental effect of oxidative injury
(Takaya et al. 2006). To our knowledge, there are no known
studies in the literature that have evaluated the protective
role of losartan in ovarian ischaemia and I/R injury.

In this experimental study, we investigated the effect of
losartan on the ischaemic stage as well as on reperfusion
injury, using histopathological score, tissue MDA and
plasma PTX3.
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Methods
Animals

A total of 30 mature (12-week-old) female Sprague-Dawley
albino rats weighing 200-220g each were used in this study.
The animals were fed ad libitum and housed in pairs in steel
cages in a temperature-controlled environment (22+2°Q)
with 12-h light/dark cycles. The experimental procedures
were approved by the Committee for Animal Research of Ege
University, lzmir, Turkey (2019-053). All animal studies strictly
conformed to the experimental guidelines of the Committee
for Human Care (Ege University).

The oestrous stage of each rat was determined by taking
a vaginal smear at an interval of 6 to 12hours. Cell types in
the smear were subsequently examined under a microscope
according to the staining procedure of Papanicolaou. Thirty
rats that had confirmed smears (oestrous stage) were
included in the experiments.

Experimental design

Surgical process

Rats were anesthetised by the intraperitoneal injection of a
combination of 50 mg/kg ketamine hydrochloride and 7 mg/
kg xylazine hydrochloride (Alfazyne; Alfasan International BV,
Woerden, Holland). The skin around the incision was shaved
and disinfected by povidone iodine. A laparotomy was per-
formed by making a 2-cm longitudinal incision in the midline
area of the lower abdomen and the uterine horns and
adnexa were detected. Animals were randomly divided into
five groups.

In Group 1 (n=6, sham-operated group), the abdominal
wall was kept open for 1min and then closed with 3/0 silk
sutures. In Group 2 (n=6, torsion group), ischaemia was
induced for 3 h using a torsion model stimulated by applying
atraumatic vascular clips (Vascu-Statt, Scanlan International,
Inc, Minnesota) to the vascular pedicle 1cm above and
below the ovary. The incision was closed with 3/0 silk
sutures. In Group 3 (n=6, torsion +losartan group), torsion
was induced as in Group 2 at 30 min after the administration
(oral gavage) of 40mg/kg of losartan (Cozaar, MSD) (Gokce
et al. 2008). In Group 4 (n=6, torsion/detorsion group), 3h
of ischaemia and 3h of reperfusion were performed. In
Group 5 (n=6, torsion/detorsion +losartan group), torsion
was induced for 3h as in Group 2, followed by 40mg/kg of
losartan administration (oral gavage) 30 min prior to 3h of
detorsion/reperfusion. Tablets containing 50mg losartan
(Cozaar, MSD) were crushed and suspended in tap water to
yield a concentration of 10 mg/ml. According to the weight
of each rat, the suspended drug solution was brought up to
4 ml with tap water. The medications were given via orogas-
tric tubes. Immediately after the reperfusion period, both
ovaries were excised for histological scoring and biochemical
evaluation of MDA and PTX3.

Histopathologic evaluation
Ovarian samples were prepared for routine light microscopy.
The specimens were rapidly fixed in 10% buffered formalin
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for 48 h, dehydrated in an ascending alcohol series, cleared
in xylene, and embedded in paraffin. Tissue sections (4 um in
thickness) were stained with haematoxylin and eosin for gen-
eral morphologic analysis. All sections were studied and pho-
tographed with an Olympus C-5050 digital camera mounted
on an Olympus BX51 microscope (Olympus Corp., Tokyo,
Japan). All primordial and developing follicles were examined
histologically. Briefly, primordial follicles are localised just
below the cortex and contain a single layer of squamous
granulosa cells. Primary follicles consist of a single layer of
cuboidal granulosa cells. Secondary follicles contain multiple
layers of granulosa cells, and tertiary follicles are character-
ised by stratum granulosum and a fluid-filled antral space.
The follicles were histologically classified as degenerated
when they included an oocyte with a pyknotic nucleus and
shrunken ooplasm and/or disorganised granulosa cells.

Follicular degeneration, vascular congestion, haemorrhag-
ing, oedema, and infiltration by inflammatory cells were
scored from 0 to 3 according to the severity of injury with 0
indicating no pathologic findings and 1, 2 and 3 representing
pathologic findings of <33%, 33-66%, and >66% of the
ovarian section, respectively (Guven et al. 2010).

Measurement of tissue lipid peroxidation

For biochemical analysis, ovaries were homogenised in ice-
cold 150mM KCI (potassium chloride) and centrifuged at
50009 for 10min. The supernatants were analysed for lipid
peroxidation. Lipid peroxidation was assessed in each tissue
sample by measuring the MDA level as thiobarbituric acid-
reactive substances (TBARSs). Briefly, trichloroacetic acid and
TBARS reagent were added to the tissue samples, which
were then mixed and incubated at 100°C for 60 min. After
cooling on ice, the samples were centrifuged at 3,000 rpm for

20min and the absorbance of the supernatant was read at
535nm. The MDA level was calculated from a standard cali-
bration curve using tetraethoxypropane and expressed as
nmol/pg protein (Demougeot et al. 2000).

Measurement of the tissue protein levels

The total protein concentration in the tissue samples was
determined according to Bradford's method using bovine
serum albumin as a standard (Bradford 1976).

Evaluation of plasma PTX3 levels

Plasma pentraxin-3 (PTX3) levels were measured in each 100-
pl sample by standard ELISA apparatus at 450nm using a
PTX3 kit (Uscn Life Science Inc., Wuhan, China). PTX3 levels
were determined in duplicate according to the manufac-
turer’'s guide. The detection range for the PTX3 assay was
0.078-5 ng/ml.

Statistical analysis

GraphPad Prism 8.1.1 software (GraphPad Software, La Jolla,
CA, USA) was used for all statistical analyses. Parametric varia-
bles (biochemistry data) were evaluated with one-way
ANOVA tests where non-parametric variables (histopathology
scores) were analysed using the Mann Whitney-U test. p val-
ues <.05 were considered as statistically significant. Results
were expressed as the meanzstandard error of the
mean (SEM).

Results

The histopathological results of ovarian tissue samples from
the five groups are shown in Figure 1. Parameters, such as

Figure 1. (a) No pathological changes were detected in the sham-operated animals. (v) vessel, (sf) secondary follicle, (tf) tertiary follicles, (cl) corpus luteum. (b)
Follicular degeneration (fd), oedema (*), vascular congestion (vc) and haemorrhaging (h) were detected in the 3-h torsion group. (c) Oedema, follicular degeneration
and haemorrhaging were observed in the torsion and losartan group. (d) Vascular congestion (vc), haemorrhaging (h), oedema (*), follicular degeneration (fd) were
observed in the torsion/de-torsion group. (e) Decreased oedema (*) and no haemorrhaging and no follicular degeneration (fd) were detected in the torsion/de-tor-
sion and losartan group. Haematoxylin and eosin staining was performed. Scale bars represent 250 pum.



follicular degeneration, haemorrhage, oedema, and inflamma-
tory cells were evaluated for tissue injury. No histopatho-
logical changes were observed in the sham-operated group
(group 1). Contrarily, increased follicular degeneration
(p <.000), oedema (p<.05), vascular congestion (p<.05),
haemorrhage (p <.05), and infiltration by inflammatory cells
(p <.05) were observed in the torsion group (group 2) in
comparison with group 1. In the torsion+ losartan group
(group 3), all these parameters except haemorrhage were sig-
nificantly less (p <.05) compared with those associated with
the torsion group (group 2). The reduction in the haemor-
rhage parameter in group 3 was not statistically significant
(p>.05). In the torsion/detorsion group (group 4), follicular
degeneration, oedema, vascular congestion, haemorrhage,
and infiltration by inflammatory cells (p <.01) were signifi-
cantly higher than in group 1. Follicular degeneration and
vascular congestion (p<.01), oedema, haemorrhage, and
leukocyte infiltration (p <.05) were remarkably reduced in
the torsion/detorsion +losartan group (group 5) than in the
torsion/detorsion group (group 4). The results of histopatho-
logical examination of the ovaries in each group are listed in
Table 1.

Tissue MDA levels were significantly higher in group 2
and group 4 than in group 1 (p<.01). MDA levels were
remarkably lower in the torsion + losartan group (group 3)
than those in the torsion group (group 2; p <.05). Moreover,
tissue MDA was higher in the torsion/detorsion group (group

Table 1. Histopathological scores of the ovaries between groups.
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4) than in the torsion/detorsion +losartan group (group 5;
p <.0001). Differences of tissue MDA levels between groups
are depicted in Figure 2.

Plasma PTX3 was significantly higher in the torsion group
(group 2; p<.01) and torsion/detorsion group (group 4;
p <.01) than in the sham group (group 1). When the losartan
was administered before torsion, a significant decrease was
observed in group 3 compared with group 2 (p<.05).
Additionally, the levels of plasma PTX3 were significantly
lower in the torsion/detorsion + losartan group (group 5)
than those in the torsion/detorsion group (group 4; p <.000).
Alterations of plasma PTX3 levels between groups are shown
in Figure 3.

Discussion

The present study demonstrated that losartan, an Ang Il type
1 receptor blocker currently used for blood pressure regula-
tion, can alleviate experimental I/R injury in ovaries by
improving histological parameters as well as by reducing
tissue MDA and plasma PTX3 levels. The results demon-
strated that losartan reduces I/R injury via antioxidant activity
prior to reperfusion of the ovary. Conserving the ovary plays
an important role in fertility. The current management of
ovarian torsion includes a detorsion procedure to maintain
the ovarian reserve even if the ovaries appear necrotic

Group 1 Group 2 Group 3 Group 4 Group 5

(control) (torsion) (torsion + losartan) (torsion/detorsion) (torsion/detorsion + losartan)
Follicular degeneration 0.16+0.16 2.0+0.26%* 0.66 +0.33% 2.5+0.34° 0.83+0.31"
Vascular congestion 0.18+0.16  1.8+0.30* 0.84+0.30° 233+0.21° 1.0£025™
Oedema 0.16+£0.16 1.8+ 0.30* 0.83+0.30% 2.16+0.40° 13+0.33"
Haemorrhage 0.33+0.21 1.5+£0.22* 0.50 £ 0.21%** 2.0+0.36° 0.83+0.31"
Infiltration by inflammatory cells 0.16+0.16 0.83+£0.22*% 0.33+0.16" 1.50+0.34° 0.66+0.21"

*p <.05, Group 2 compared with Group 1.
**p <000, Group 2 compared with Group 1.
***p> .05, Group 3 compared with Group 2.
*p < .05, Group 3 compared with Group 2.
ap <.01, Group 3 compared with Group 2.
Pp < .01, Group 4 compared with Group 1.
h < .05, Group 5 compared with Group 4.
™p < .01, Group 5 compared with Group 4.
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Figure 2. Comparison of tissue MDA. Data are expressed as the mean + standard error of the mean, MDA indicates malondialdehyde. *p< .01, Group 2 compared
with the Group 1; **p< .05, Group 3 compared with the Group 2; **p< .01, Group 4 compared with the Group 1; ***p< .0001, Group 5 compared with the

Group 4.
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Plasma Pentraxin-3
(ng/mL)

El Group 1 (control)

Group 2 (torsion)

B Group 3 (torsion + losartan)

[ Group 4 (torsion + detorsion)

Bl Group 5 (torsion + detorsion + losartan)

Figure 3. Comparison of plasma PTX 3 levels. Data are expressed as the mean + standard error of the mean, PTX 3 indicates plasma pentraxin 3. *p< .05, Group 3
compared with the Group 2; **p< .01, Group 2 compared with the Group 1; **p< .01, Group 4 compared with the Group 1; ***p< .000, Group 5 compared with

the Group 4.

(Huchon and Fauconnier 2010). After detorsion, re-establish-
ment of oxygen into the ischaemic cellular environment can
trigger tissue injury by damaging cellular membranes, includ-
ing the mitochondria, by free radical formation, by the aggre-
gation of leukocytes and inflammatory mediators, and by the
activation of the pro-apoptotic signalling cascade and com-
plement systems (Maneechote et al. 2017). The mechanisms
of ovarian injury after I/R and cell death are not yet fully
understood. Understanding the detailed mechanism of
ischaemia-reperfusion injury may provide a strong foundation
not only for novel therapeutic opportunities, but also for
injury prevention. However, it has been demonstrated that
oxygen free radical generation is a critical mechanism caus-
ing injury in post-ischaemic cells and tissues (Wu et al. 2018).
When tissue expose I/R, proinflammatory cytokines produced
by inflammatory cells can trigger adhesion and migration of
circulating neutrophils to endothelial cells and generation of
ROS, which increases neutrophil infiltration and results in
ischaemic injury. ROS and their toxic products cause DNA
damage and lipid peroxidation in the cellular and mitochon-
drial membranes, impairs ion channels, leading to cell dam-
age and even death. Cell damage induced by prolonged
ischaemia-reperfusion injury may lead to apoptosis, autoph-
agy, necrosis, and necroptosis (Zhu et al. 2016). Moderate
ischaemia-reperfusion injury may cause cell dysfunction by
autophagy and activate recovery systems for survival. If dam-
age is severe, cell death may be induced via apoptotic or
necrotic pathways. In human physiology, ROS and antioxi-
dants stay in equilibrium. The level of anti-oxidant agents in
ischaemic cells crucial for overcoming the destructive effect
of ROS. In parallel, the generation of ROS increases due to a
lower concentration of antioxidative agents in ischaemic tis-
sues (Kalogeris et al. 2014). Therefore, losartan which has a
potential antioxidant role used in cardiovascular medicine
can protect the destructive effect of I/R injury in the ovary.
Compression of ovarian vessels because of stromal oedema
and enlargement of the ovary first obstructs lymphatic and
venous outflow and then arterial inflow. Then, ovarian arterial
perfusion is blocked due to the stromal pressure, which
results in infarction and necrosis in addition to microscopic

haemorrhage in the ovarian tissue (Kurt et al. 2015). In the
present study, with increased cellular damage, higher histo-
pathological scores for haemorrhage and vascular congestion
were observed in the torsion groups than in the sham group.

To date, there have been several pharmacological agents
investigated for their protective role in ovarian I/R injury in
experimental animal models (Kumtepe et al. 2010; Hortu
et al.,, 2019). However, losartan is the first agent used in our
study to evaluate its potential effect on ovarian I/R injury
using a histopathological score, as well as ovarian tissue
MDA, and plasma PTX3 levels as tissue and systemic I/R
injury markers. Angiotensin Il binds two major angiotensin
receptor subtypes, AT;-R and AT,-R, to exert its physiological
effects. As Ang Il increases vascular permeability, stimulates
inflammatory cell recruitment and activates pro-inflammatory
chemokines and cytokines, several AT;-R blockers, including
losartan, have been shown to be protective in various experi-
mental I/R models (Suzuki et al. 2003). Angiotensin Il stimula-
tion has been reported to produce ROS from miscellaneous
vascular cell types (Babiker et al. 2016). The study of Dol
et al. demonstrated that ARB alleviated atherosclerotic lesion
formation in mice through decreasing chemokine expression
and macrophage accumulation and by inhibiting low-density
lipoprotein oxidation (Dol et al. 2001). Losartan has well-
known inhibitory actions on neutrophils in various organs
such as the heart, liver, intestine, and kidney (Riaz et al.
2004). It acts via suppression of neutrophil functions (rolling,
adhesion, migration) and causes an eventual decrease in
extravascular infiltration. According to these mechanisms, in
our study, we found that after administration of losartan to
rats, neutrophil infiltration was significantly less in the ovaries
in group 5 (torsion/detorsion + losartan) than in group 4 (tor-
sion/detorsion). In addition, leukocyte infiltration scores were
significantly lower in group 3 (torsion + losartan) than those
in group 2 (only torsion). Ovarian damage was reported to
be more severe in the torsion/detorsion group than in the
only torsion group, which is consistent with previously
reported results (Ergun et al. 2010). Hence, losartan inhibits
ovarian follicle loss through aforementioned antioxidant
properties, such as decreasing apoptosis and autophagy.



Additionally, in the cases of ovarian torsion, losartan has
beneficial effects on ovarian functions which have a great
potential role for women in gynaecology practice in the
reproductive period.

MDA, a marker of tissue injury, is a secondary product of
oxidative damage formed during lipid peroxidation. It dis-
rupts ionic transport as well as enzymatic activity, distorts
cell membrane permeability and fluidity that separate cells
and organelle contents (Rodrigo et al. 2013). In the present
study, we observed significantly increased tissue MDA levels
following ovarian I/R injury, which were decreased by losar-
tan treatment. This result indicates that the ovarian protec-
tion conferred by losartan may be attributed to attenuating
lipid peroxidation following I/R. Hence, our data suggest that
losartan protects ovarian injury through the amelioration of
oxidative stress.

PTX 3 is a member of the pentraxin family, and is also
called the tumour necrosis factor-inducible gene 14 protein
(TSGF-14). PTX 3 is produced by numerous cell types, includ-
ing endothelial cells, epithelial cells, myocardial cells and
mononuclear phagocytes and is present in very low amounts
in serum and tissues of healthy subjects but rapidly increases
in response to a variety of inflammatory stimuli (Souza et al.
2009). Our results showed that increased PTX3 expression
was associated with ovarian I/R injury in a rat model. Plasma
PTX 3 levels were significantly higher both in the torsion and
torsion/detorsion groups compared with those in the sham
group. Losartan also decreased ovarian MDA and plasma PTX
3 levels significantly both in the torsion + losartan and tor-
sion/detorsion + losartan groups. Several studies report the
ameliorative mechanisms of losartan on post-ischaemic and I/
R injury in the literature (Ilvanov et al. 2014). For example,
Koh et al. suggest that losartan ameliorates I/R-induced liver
damage through peroxisome proliferator-activated receptor
gamma (PPAR-y) (Koh et al. 2013). Guo et al. reported that
Ang Il inhibition prevents acute liver injury in a model of
inflammation caused by ischaemia and reperfusion (Guo
et al. 2004). In our study, losartan treatment showed signifi-
cant protective effects by means of decreasing all oxidative
stress parameters caused by ischaemia and reperfusion.

The current study had some limitations. The first is that
we have not assessed total oxidant and antioxidant status,
and other markers such as glutathione peroxidase, super-
oxide dismutase, and myeloperoxidase activity due to limited
funding. The second is the fact that the present study was
an animal model study and therefore, further comprehensive
clinical human studies are necessary to draw definite conclu-
sions before the results can be generalised to human beings.
The third is the absence of observation of the long-term
alterations (i.e. ovarian reserve via antral follicle number, anti-
Mullerian hormone) in both histopathological and biochem-
ical parameters. Further large-scale studies are required to
determine drug dose, duration, and method of
administration.

In conclusion, these observations suggest that pre-treat-
ment with losartan has a significant protective role on ischae-
mia and ischaemia/reperfusion injury in rats with ovarian
torsion. Our findings may provide an option for reducing the
oxidative damage of the ovary against I/R injury in the field
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of gynaecology. In this regard, a fundamental and compre-
hensive understanding of action of losartan on reproductive
organs is the key to future advances and applications. Larger
clinical studies should stress the long-term effects of losartan
on the human body including ovarian reserve and fertility.

Acknowledgements

The authors gratefully acknowledge Dr. Elif Karadadas for her technical
assistance to our manuscript preparation.

Disclosure statement

No potential conflict of interest was reported by the authors.

ORCID

Ismet Hortu http://orcid.org/0000-0003-3833-0999

References

Abali R, Tasdemir N, Yuksel MA, Guzel S, Oznur M, Nalbantoglu B, et al.
2013. Protective effect of infliximab on ischemia/reperfusion injury
in a rat ovary model: Biochemical and histopathologic evaluation.
European Journal of Obstetrics and Gynecology and Reproductive
Biology 171:353-357.

Babiker F, Al-Jarallah A, Joseph S. 2016. The interplay between the renin
angiotensin system and pacing postconditioning induced cardiac pro-
tection. PLoS One 11:e0165777.

Becker JH, de Graaff J, Vos MC. 2009. Torsion of the ovary: a known but
frequently missed diagnosis. European Journal of Emergency Medicine
16:124-126.

Bradford MM. 1976. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Analytical Biochemistry 72:248-254.

Demougeot C, Marie C, Beley A. 2000. Importance of iron location in
iron-induced hydroxyl radical production by brain slices. Life Sciences
67:399-410.

Dol F, Martin G, Staels B, Mares AM, Cazaubon C, Nisato D, et al. 2001.
Angiotensin AT1 receptor antagonist irbesartan decreases lesion size,
chemokine expression, and macrophage accumulation in apolipopro-
tein E-deficient mice. Journal of Cardiovascular Pharmacology 38:
395-405.

Ergun Y, Koc A, Dolapcioglu K, Akaydin Y, Dogruer G, Kontas T, et al.
2010. The protective effect of erythropoietin and dimethylsulfoxide on
ischemia-reperfusion injury in rat ovary. European Journal of
Obstetrics and Gynecology and Reproductive Biology 152:186-190.

Gokce G, Karboga H, Yildiz E, Ayan S, Gultekin Y. 2008. Effect of angio-
tensin-converting enzyme inhibition and angiotensin Il type 1 recep-
tor blockade on apoptotic changes in contralateral testis following
unilateral testicular torsion. International Urology and Nephrology 40:
989-995.

Guo L, Richardson KS, Tucker LM, Doll MA, Hein DW, Arteel GE. 2004.
Role of the renin-angiotensin system in hepatic ischemia reperfusion
injury in rats. Hepatology 40:583-589.

Guven S, Muci E, Unsal MA, Yulug E, Alver A, Kadioglu Duman M, et al.
2010. The effects of carbon dioxide pneumoperitoneum on ovarian
blood flow, oxidative stress markers, and morphology during laparos-
copy: a rabbit model. Fertility and Sterility 93:1327-1332.

Hortu |, Ozceltik G, Sahin C, Akman L, Yildirim N, Erbas O. 2019.
Granulocyte colony-stimulating factor prevents ischemia/reperfusion-
induced ovarian injury in rats: evaluation of histological and biochem-
ical parameters. Reproductive Sciences 26:1389-1394.

Huchon C, Fauconnier A. 2010. Adnexal torsion: a literature review.
European Journal of Obstetrics & Gynecology and Reproductive
Biology 150:8-12.



1154 . HORTU ET AL.

Ivanov M, Mihailovi¢-Stanojevi¢ N, Milanovi¢ JG, Gruji¢ Milanovi¢ J,
Jovovi¢ D, Markovi¢-Lipkovski J, et al. 2014. Losartan improved antioxi-
dant defense, renal function and structure of postischemic hyperten-
sive kidney. PLoS One 9:96353.

Kalogeris T, Bao Y, Korthuis RJ. 2014. Mitochondrial reactive oxygen spe-
cies: a double edged sword in ischemia/reperfusion vs precondition-
ing. Redox Biology 2:702-714.

Kobori H, Nangaku M, Navar LG, Nishiyama A. 2007. The intrarenal renin-
angiotensin system: from physiology to the pathobiology of hyperten-
sion and kidney disease. Pharmacological Reviews 59:251-287.

Koh EJ, Yoon SJ, Lee SM. 2013. Losartan protects liver against ischaemia/
reperfusion injury through PPAR-y activation and receptor for
advanced glycation end-products down-regulation. British Journal of
Pharmacology 169:1404-1416.

Kumtepe Y, Odabasoglu F, Karaca M, Polat B, Halici MB, Keles ON, et al.
2010. Protective effects of telmisartan on ischemia/reperfusion injury
of rat ovary: biochemical and histopathologic evaluation. Fertility and
Sterility 93:1299-1307.

Kurt RK, Dogan AC, Dogan M, Albayrak A, Kurt SN, Eren F, et al. 2015.
Protective effect of colchicine on ovarian ischemia-reperfusion injury:
An experimental study. Reproductive Sciences 22:545-550.

Maneechote C, Palee S, Chattipakorn SC, Chattipakorn N. 2017. Roles of
mitochondrial dynamics modulators in cardiac ischaemia/reperfusion
injury. Journal of Cellular and Molecular Medicine 21:2643-2653.

Riaz AA, Wang Y, Schramm R, Sato T, Menger MD, Jeppsson B, et al.
2004. Role of angiotensin Il in ischemia/reperfusion-induced leuko-
cyte-endothelium interactions in the colon. The Faseb Journal 18:
881-883.

Rodrigo R, Libuy M, Felii F, Hasson D. 2013. Oxidative stress-related bio-
markers in essential hypertension and ischemia-reperfusion myocardial
damage. Disease Markers 35:773-790.

Sasaki KJ, Miller CE. 2014. Adnexal torsion: review of the literature.
Journal of Minimally Invasive Gynecology 21:196-202.

Shokoohi M, Soltani M, Abtahi-Eivary SH, Niazi V, Poor MJR, Ravaei H,
et al. 2019. Effect of hydro-alcoholic extract of Olea europaea on

apoptosis-related genes and oxidative stress in a rat model of tor-
sion/detorsion-induced ovarian damage. Asian Pacific Journal of
Reproduction 8:148-156.

Shokri F, Shokoohi M, Abadi ARR, Kalarestaghi H. 2018. The ameliorative
effect of Galega officinalis extract on histological damages, oxidative
stress induced by torsion-detorsion in adult rats’ ovarian. International
Journal of Women's Health and Reproduction Sciences 7:119-123.

Soltani M, Moghimian M, Abtahi H, Shokoohi M. 2017. The protective
effect of Matricaria chamomilla extract on histological damage and
oxidative stress induced by torsion/detorsion in adult rat ovary.
International Journal of Women'’s Health and Reproduction Sciences 5:
187-192.

Souza DG, Amaral FA, Fagundes CT, Coelho FM, Arantes RM, Sousa LP,
et al. 2009. The long pentraxin PTX3 is crucial for tissue inflammation
after intestinal ischemia and reperfusion in mice. The American
Journal of Pathology 174:1309-1318.

Suzuki Y, Ruiz-Ortega M, Lorenzo O, Ruperez M, Esteban V, Egido J. 2003.
Inflammation and angiotensin Il. The International Journal of
Biochemistry and Cell Biology 35:881-900.

Takaya T, Kawashima S, Shinohara M, Yamashita T, Toh R, Sasaki N, et al.
2006. Angiotensin Il type 1 receptor blocker telmisartan suppresses
superoxide production and reduces atherosclerotic lesion formation in
apolipoprotein E-deficient mice. Atherosclerosis 186:402-410.

Wu MY, Yiang GT, Liao WT, Tsai AP, Cheng YL, Cheng PW, et al. 2018.
Current mechanistic concepts in ischemia and reperfusion injury.
Cellular Physiology and Biochemistry 46:1650-1667.

Zhu H, Cui D, Liu K, Wang L, Huang L, Li J. 2014. Long pentraxin PTX3
attenuates ischemia reperfusion injury in a cardiac transplantation
model. Transplant International 27:87-95.

Zhu J, Yao K, Wang Q, Guo J, Shi H, Ma L, et al. 2016. Ischemic
Postconditioning-Regulated miR-499 Protects the Rat Heart Against
Ischemia/Reperfusion Injury by Inhibiting Apoptosis through PDCDA4.
Cellular Physiology and Biochemistry 39:2364-2380.



	Abstract
	Introduction
	Methods
	Animals
	Experimental design
	Surgical process
	Histopathologic evaluation
	Measurement of tissue lipid peroxidation
	Measurement of the tissue protein levels
	Evaluation of plasma PTX3 levels
	Statistical analysis


	Results
	Discussion
	Acknowledgements
	Disclosure statement
	References


