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ABSTRACT

Introduction: The ovary's partial or complete rotation around its pedicle is known as ovarian torsion. It represents around 3%
of all gynecological emergencies. Treatment and diagnosis at an early stage are essential and may assist to maintain fertility.
The preferred course of treatment is surgical intervention. Nonetheless, ischemia/revascularization injury (IRI) should be
decreased to lessen post-torsion ovarian damage because reperfusion injury damages tissues more than ischemic injury does.
Aim of Work: This work used histological, immuno-histochemical, biochemical, and morphometric analyses to evaluate the
potential protective impact of losartan on damage to the ovaries caused by ischemia revascularization (I/R) in a rat model.
Material and Methods: Twenty eight adult female albino rats were utilized. The rats were divided identically into four groups.
Group [:Control(Sham). Group II:(Ischemia) undergone an ischemia lasting three hours. Group III:(Ischemia/ revascularization)
similar to group II, then three hours of revascularization. Group I'V:(Ischemia/revascularization and losartan) This group was
subjected to ischemia for three hours accompanied by oral losartan (40 mg/kg) given 30 minutes prior to revascularization then
revascularization was done for three hours. Ovaries were excised and subjected to Hematoxylin &Eosein stain, Caspase-3,
TNF-a and IL-1p immuno-histolochemical, (SOD, GSH &MDA) biochemical and morphometric investigations.

Results: The ovaries in the ischemia and (I/R) groups showed degenerated follicles. Edema, dilated congested vessels,
hemorrhage & hyaline degeneration in the ovarian stroma. Marked inflammatory cellular infiltration was noted. Compared to
the other groups, the ischemia as well as I/R groups showed considerably higher MDA concentrations and significantly lower
SOD and GSH concentrations. Also, these groups showed significant increase in positive immunoreactivity for Caspase-3,
TNF-a and IL-1B compared to other groups. Losartan treatment improves histological findings, biochemical values and
morphometric results.

Conclusion: Losartan ameliorates ovarian ischemia/revascularization injury via controlling inflammation, apoptosis, and
oxidative stress.
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INTRODUCTION

Approximately 3% of all gynecological emergencies
are caused by torsion of the ovaries, which is defined as
the ovary rotating fully or partially along its pedicle or
vascular axis!!. Ovarian torsion is thought to be associated
with conditions that cause ovarian enlargement, including
hyperlaxity of the ovary proprium and infundibulo pelvic
ligaments, pregnancy, ovarian hyperstimulation, and
adnexal cysts?. The most prevalent affected populations
are pre-menarche girls and women of reproductive age,
where ovarian torsion is frequently misdiagnosed®. It also
can occur from early foetal life to the postmenopausal
period™.

Torsion prevents venous and lymphatic flow, which
causes the development of ovarian edema that further
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decreased the arterial flow. Ischemia is caused by a
reduction in arterial flow, and necrotic processes begin
in the tissue with impairment in ovarian function. Early
identification and treatment are essential because this
condition may negatively affect fertility in females
within the reproductive age range and could contribute to
maintaining fertility!.

Generally, abdominal surgery for ovarian torsion is
performed to repair the torsion and to reestablish ovarian
flow of blood. When an early diagnosis is made, the
preferred course of treatment is surgical management,
which includes de-torsion of the afflicted section®!.

However, this time, the oxygenation and restoration of
the blood supply of ischemic tissues following detorsion,
which is a necessary process for the regeneration of cells,
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causes ischemia/revascularization (I/R) damage, that is
additional concernl®, this is connected to tissue neutrophil
infiltration and revascularization, and the generation
of reactive oxygen species (ROS) that are responsible
for reperfusion damage. Owing to the peroxidation
of polyunsaturated fatty acids, damages of cellular
membranes occurs and these ROS cause destruction of
cells?. Contrary to ischemia injury, reperfusion injury
results in greater tissue or organ damage!®, so that, either
the period of ischemia or the ischemia/revascularization
injury (IRI) should be decreased to lessen post-torsion
ovarian damage®. It has been discovered that a number
of antioxidants can effectively prevent inflammation
and oxidative damage in ovarian tissues that have been
subjected to I/R stress!'.

Enzymatic and non-enzymatic antioxidant mechanisms
within cells work in concert. Tissues are shielded from
reactive oxygen species (ROS) and oxidative damage by
super oxide dismutase (SOD), which is directly created
in the intracellular environment!'l. Following cellular
damage, catalase and glutathione (GSH) levels are lowered,
which results in the inactivation of several enzymes!'?.. The
primary byproduct of the peroxidation of polyunsaturated
fatty acids is malondialdehyde (MDA), which is a highly
hazardous compound. Lipid peroxidation (LPO) can be
detected by elevated MDA levels. It is therefore employed
as an indirect biomarker of ROS and is commonly favored
for determining the levels of both in vitro and in vivo
oxidative stress!'*. Overproduction of ROS causes caspase
activation, which may harm cells and ultimately cause
apoptosis in the cellt"l.

Interleukin-2 (IL-2), Interleukin-6 (IL-6), Interleukin-1
beta (IL-1P), and Tumour Necrosis Factor alpha (TNF-a)
are proinflammatory cytokines generated during I/R
injury!®l. Inflammation and apoptosis rate are induced
by IL-1BM8). It is commonly recognized that TNF-a is a
crucial cytokine that regulates inflammatory reactions!'®,
I/R damage increases inflammation by producing TNF-a,
IL-8, and IL-6. These elements contribute to inflammation,
which in turn causes organ damage!'”.

Losartan is considered Angiotensin II typel receptor
blocker, it is currently utilized to control blood pressuret'®.
It was proved to have a protective effect opposing cerebral
ischemia damage through an anti-apoptotic impact!!®),
and in an I/R injury model; it enhanced the expression
of survival factors, preserving the heart from oxidative
stressi?’. Following I/R damage, losartan blocked vascular
hyperpermeability, revealing a different molecular
mechanism for its cardioprotective benefits®!. Thus, it
may be proposed that losartan has therapeutic efficacy for
individuals who have ovarian torsion though an antioxidant
pathway.

This work used histological, immuno-histochemical,
biochemical, and morphometric analyses to evaluate the
potential protective impact of losartan on ovarian damage
caused by ischemia /revascularization in a rat model.

MATERIAL AND METHODS

Animals

Animals were kept corresponding to the international
standards. The institutional committee for the care and
use of animals of Beni-Suef University authorized the
study (Approval Number: 022-447). Twenty-eight adult
female albino rats have been used in this investigation.
They weighed from 200 to 240 grams. The animals were
acquired from the animal house of faculty of veterinary
Medicine, Beni-Suef University. The rats were housed in
metal enclosures with appropriate temperature controls
and 10-12 hours of daylight exposure. Rats were given the
usual commercial pellet meal and housed for a week before
the experiment started.

Drugs and Chemicals
Losartan

The tablet form was utilized. There are 50 milligrams of
losartan potassium in each pill. Losartan was aquired from
Amriya Pharmaceutical Industries (Alexandria - Egypt).
For oral administration, the utilized dosage was dissolved
in 10 milliliters of normal saline (0.9%).

Thiopental sodium

Every vial holds 20 milliliters (500 mg) of Thiopental
sodium. Vials were acquired from Egypt's Sigma-Tec.
Pharmaceutical Industries. For intraperitoneal injection,
the estimated dose was obtained by diluting a 2 ml vial in
8 ml of distilled water.

Surgical Technique

Experimental animals were sedated with thiopental
sodium following their acclimation period. A certain
amount of 25 mg/kg was given intraperitoneally, and the
procedure was given again as necessary. All rats were
immobilized in the supine position, and then the abdominal
skin was shaved and cleaned. 10 % povidone-iodine
solution was used for antisepsis. A 2.5 cm midline lower
abdominal longitudinal cut was made. The adnexa and
uterine horns were determined, after a little peritoneal cut
was made. As a control group, seven of the rats underwent
a sham procedure, underwent laparotomy only with no
extra intervention. The incision was closed with 4/0
nylon sutures. In the other groups, vascular clamps were
placed beneath the female rats' ovaries to induce bilateral
adnexal (ovarian) ischemia. It was demonstrated that the
histological as well as biochemical alterations of torsion of
the ovaries and the use of vascular clamps were extremely
similar®!, and then after three hours of ischemia; the
surgical removal of both ovaries was done in the ischemia
group for histological and biochemical examination. After
three hours of ischemia in the Ischemia/ revascularization
and Ischemia — revascularization and losartan groups,
the clamps were removed to allow for three hours of
revascularization. Subsequently, both ovaries of each
rat were excised for histological as well as biochemical
analysesl®. After the experiment is finished, using ether
inhalation the rats were anesthetized and executed.
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The experimental animals were randomly split into
four groups, each one has 7 rats:

Group I: Control (sham) group (I) (7 rats): The female
rats were just exposed to laparotomy but no procedure was
carried out.

Group II: Pure ischemia group (II) (7 rats): The ovaries
were exposed to 3 hours of ischemia (using vascular
clamps). After the 3 hours of ischemia, both ovaries were
surgically excised.

Group III: Ischemia - revascularization (I/R) group
(II) (7 rats): The ovaries were exposed to 3 hours of
ischemia, followed by 3 hours of revascularization (during
which vascular clamps were removed), and then surgical
excision of both ovaries was performed.

Group IV: Ischemia — revascularization (I/R) and
losartan group (IV) (7 rats): This group underwent 3 hours
ofiischemia, accompanied by oral administration of losartan
(40 mg/kg) thirty minutes before the revascularization.
After the three hours of revascularization, the two ovaries
were excised™®!.

After the experiment is finished, using ether inhalation
the rats were anesthetized and executed. Ovaries, both left
and right, were removed and dissected from each animal.
The following investigations were conducted on the
separated ovarian tissues:

Histological study

For every female rat, the right ovary was removed and
preserved in 10% formal saline solution. |Paraffin blocks
were prepared. Each block was cut into sections that
were 5 um thick, and the ovarian general architecture was
examined using hematoxylin and eosin stains!??.

Immuno-histochemical study

Tissue of the ovary that was previously formalin-fixed
was placed within paraffin blocks for immunohistochemical
analysis. Absolute alcohol was used to deparaffinize
the sections. Blocking endogenous peroxidase activity
with 100 liters of hydrogen peroxide and 0.5% absolute
methanol and 0.4% hydrochloric acid (1M) for forty
minutes at environment temperature. After being cleaned
with water, the sections were kept in 1% trypsin and then
0.05 M Tris-buffered saline. Then pieces were cleaned
using cold water.

a. Caspase-3 immunostaining, using a peroxidase-
conjugated rabbit monoclonal antibody IgG (Cell
Signaling Technology, Ipswich, MA) at a dilution
of 1:200, Caspase-3 activation was evaluated.
Caspase-3 is an apoptotic marker, its positive
reaction appeared as cytoplasmic with some
nuclear brown coloration.

b. Tumor necrosis factor-alpha (TNF-a) (Novus
Biological, Cat. No: NBPI1-19532, Dilution:
1/100)11,

c. Interleukin-lbeta (IL-1B) (Bioss, Cat. No: bs-
0812R, Dilution: 1/100)"%), were applied as the
primary antibody

TNF-a and IL-1p are inflammatory markers. Positive
reaction appeared as cytoplasmic brown coloration.

For one hour, biotinylated secondary antibodies were
used™¥. After being exposed to chromogen and streptovidin
peroxidase, slides were cleaned with PBS. A counterstain
using Mayer's hematoxylin was applied to the slides. The
levels of immunopositivity were assessed as follows: mild
(+), moderate (++), strong (+++), and none (—).

Biochemical study

Left ovarian specimens for this investigation were kept
freeze at -80° C till the time of the chemical test. Ovarian
tissue in cold 0.9% NaCl was homogenized using a glass
homogenizer to create tissue homogenate. The SOD, GSH,
and MDA enzymatic activity was measured by centrifuging
tissue homogenates and using the supernatant. At room
temperature, all enzymatic assays were estimated®). The
kinetic colorimetric technique was employed to estimate
the SOD activity, with measurements taken at 25C and
460 nm. Readings of its absorbance were taken after 0
and 8 minutes of light!?®l. Using a spectrophotometer and
Sedlak and Lindsay's technique, absorbance at 412 nm
was measured for tissue (GSH)®”.. Thiobarbituric acid was
boiled with the ovary homogenate to perform colorimetric
measurement of MDA in the homogenate. At 532 nm, the
resultant colored material was gathered and measured??®.

Morphometric study

The mean area percentage (%) of Caspase-3, TNF-a
and IL-1f immunoreactivity was measured using an
image analysis system at Faculty of Medicine, Al-Azhar
University, Cairo (Leica Qwin 500 C Image analyzer
computer system, Leica Imaging system LTD., Cambridge,
UK). A 400x magnification was utilized to assess the mean
area% of positive reaction. Each rat has been investigated in
five serial sections, with ten high-power, non-overlapping
fields measured in each section.

Statistical analysis

The quantitative data related to Caspase-3, TNF-a and
IL-1B immune-staining were summed up as mean and SD,
and the one-way analysis of variance (ANOVA) test was
used to compare them. Furthermore, the biochemical data
were reported as mean + SD for all of them. To evaluate
variations in means, analysis of variance was applied. The
statistical study was carried out utilizing IBM's Armonk,
New York, USA SPSS (version 9). P-values below 0.05
were regarded as statistically significant, p-less than 0.001
as very significant, and P-more than 0.05 as irrelevant?®,

RESULTS

Histological Results

The control group's ovarian sections demonstrated
that the ovarian cortex had ovarian follicles in various
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developmental stages primary and secondary follicles.
Several layers of granulosa cells with multiple antral
cavities were present in secondary follicles. The stroma
between the follicles of the ovary was normal. It was
also observed that the corpus luteum had pale nuclei and
acidophilic cytoplasm (Figure 1A). The huge antrum,
oocyte surrounded by zona pellucida, the cumulus
oophorous, multiple layers of granulosa cells, and thecal
cells were all visible in the mature graffian follicle
(Figure 1B). Sections of the ischemia group displayed
follicles that were deteriorated and distorted, along with
a lack of normal ovarian architecture showing exfoliation
desquamation of granulosa cells with many cells
exhibiting dark pyknotic nuclei with degenerated oocyte.
Additionally, edema in the stroma of the ovary and dilated,
congested blood vessels were observed (Figures 2 A-C).
Massive cellular infiltrate was noted in ovarian stroma
with vacuolations in the corpus luteum's granulosa and
theca lutetin cells. (Figure 2D). Ischemia revascularization
group showed the same histological findings of ischemia
group, degenerated follicles, ovarian stroma edema and
dilated congested blood vessels, massive cellular infiltrate
and hemosiderin deposits (Figures 3 A-D). An aberrant
secondary follicle with desquamated and exfoliated
granulosa cells into the follicular cavity was detected
(Figure 3 E). Ischemia revascularization losartan group
showed partial improvement than ischemia (Torsion) and
ischemia revascularization groups. Although the stroma
and follicles of the ovary were almost normal, some
deteriorated follicles were still visible. There were still a
few vacuolations. Also, few congested blood vessels were
observed but without hemorrhage (Figures 4 A-C).

Immunohistochemical results: mild (+), moderate
(++), strong (+++), and none (-)

Caspase-3 immunostaining

The control group exhibited a mild positive Caspases
3 immunoreaction expression in the granulosa cell nuclei
of the follicles of the ovary. The majority of the ovarian
follicle-lining cells in the ischemia group had strong
positive immunological caspase-3 expression. Strong
positive caspase-3 immuno-expression was detected in
many granulosa cells of the ovarian follicle in the ischemia
revascularization group. Ischemia revascularization
losartan group indicated a mild positive caspase-3
immunoreaction (Figures 5 A-D).

TNF-0 immunostaining

In the control group, lutein and interstitial cells
showed a negative expression of TNF-o immunoreaction.
TNF-a had a strong positive immunological expression
in the ischemia group. Ischemia revascularization group
expressed strong positive immune reaction of TNF-a in
lutein and interstitial cells. Ischemia revascularization
losartan group expressed mild positive immune reaction of
TNF-a in lutein and interstitial cells (Figures 6 A-D).

IL-1p immunostaining

Negative expression of the IL-1f immunoreaction

was noticed in the control group in lutein and interstitial
cells. The ischemia group had strong IL-1p positive
immune expression. Strong positive expression of IL-15
was detected in the ischemia revascularization group in
lutein and interstitial cells. Losartan group expressed mild
positive immunoreactivity of IL-1p in lutein and interstitial
cells (Figures 7 A-D).

Biochemical Results

In both the ischemic and ischemia revascularization
groups, levels of SOD were lowered. However, losartan
administration (40 mg/kg) before reperfusion in group IV
increased the levels in ovarian tissue. Ischemia (G II) and
ischemia revascularization (G III) groups displayed an
extremely significant decrease (P<0.001) of SOD activity
in the rat’s ovary comparable to the control group (GI) and
losartan treated (IV) groups with no significant difference
between the two groups (G II& GIII). No significant
difference between the Control (GI) and Losartan treated
groups (G IV) was detected (Table 1, Figure 8).

The tissue homogenates of ovarian specimens showed a
highly significant decrease (P<0.001) in the reduced GSH
levels in ischemia and ischemia revascularization groups
when compared with the other groups which increased
in the losartan treated group (G IV) with no significant
difference between the two groups (G II& GIII). No
significant difference between the Control (GI) and losartan
treated groups (G IV) was detected (Table 1, Figure 8).

Furthermore, comparative analysis between the
ischemia and ischemia revascularization groups revealed
an extremely significantly (P<0.001) rise in MDA
concentrations in the homogenate contents. The MDA
levels decreased in the group treated with losartan (G IV)
with no significant difference between the two groups (G
[I& GIII). No significant difference was noted between
control group (GI) and Losartan treated group (G IV)
(P<0.05) (Table 1, Figure 8).

Morphometric and statistical analysis
Mean Area Percentage of Caspase-3 immune-reaction

The mean area% of the positive immune-reaction of
Caspase-3 showed highly significant increase (p<0.001)
in (group II &group III) in comparison to the other
experimental groups, with no significant difference
between the both groups (group II &group III). There was
no significant difference (p<0.05) between control group
(GI) and Losartan treated group (G IV) (Table 2, Figure 9).

Mean Area Percentage of TNF- o immune-reaction

The mean area% of the positive immune-reaction
of TNF- a showed highly significant increase (p<0.001)
in (group Il &group III) in comparison to the other
experimental groups with no significant difference
between both groups (group II &group III). There was no
significant difference (p<0.05) between control group (GI)
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and Losartan treated group (G IV) (Table 2, Figure 9). II &group III) in comparison to the other experimental
groups with no significant difference between both groups
(group II &group III). There was no significant difference

The mean area% of the positive immune-reaction of IL- (p<0.05) between control group (GI) and Losartan treated
1B showed highly significant increase (p<0.001) in (group group (G IV) (Table 2, Figure 9).

Mean Area Percentage of IL-1p immune-reaction

Fig.1: Control group I (A) Demonstrating normal ovarian follicle development, primary follicle (PF) and secondary follicles (SF) with normal appearance
of the ovarian stroma (black arrows). Observe the cells of the corpus luteum (CL) have pale nuclei and acidophilic cytoplasm (H&E x400). (B) Displaying a
fully developed graffian follicle with granulose cells (GC), thecal cells (TC), cumulus oophorous (CO), follicular cavity (FC), and oocyte (O) (H&E x400).

Fig. 2: Ischemia group II (A) Displaying edema in the stroma of the ovary (E), dilated and congested blood vessels (BV), and degenerated follicles (DF) (H&E
x100). (B) Demonstrating a lack of the typical ovarian structure and degenerated follicles (DF). A distorted and degenerated follicle (DF) displaying granulosa
cells (GC) exhibiting desquamation and exfoliation with many cells exhibiting dark pyknotic nuclei (black arrows) the oocyte nucleus is degenerating (yellow
arrow). Observe the oedema in ovarian stroma (E) (H& E x400). (C) Showing multiple degenerated follicles (DF), markedly dilated and congested blood
vessels (BV). Additionally, stromal edema is observed (E) (H& E x400). (D) Demonstrating the corpus luteum's granulosa and theca lutetin cells' vacuolation
(arrows), hyaline degeneration (HD), congested blood vessels (BV) and hemorrhage in stroma (Hg). Marked inflammatory cell infiltration is noted (corrugated
arrows). Degenerated follicle (DF) (H& E x100).

377



OVARIAN ISCHEMIA/REVASCULARIZATION

Fig.3: Ischemia / Revascularization group III (A) Displaying loss of normal ovarian histological architecture; degenerated follicles (DF), Hemorrhage in
ovarian stroma (Hg), Inflammatory cell infiltration (corrugated arrows). Edema is also noted (E) (H&E x100). (B) Demonstrating the corpus luteum's granulosa
and theca lutetin cells' vacuolation (green arrow). Dilated, Congested blood vessels (BV), ovarian stroma hyaline degeneration (HD) and hemosiderin deposits
(arrow heads). Degenerated follicles (DG) and cells with Pyknotic dark nuclei (black arrows) are also noted (H &E x400). (C) Displaying a large number of
dilated, congested blood vessels (BV), acidophilic hyaline degeneration (HD) and pyknotic dark nuclei (black arrows). Edema of the stroma is also present
(E) (H& E x400). (D) Showing multiple vacuolations (V) in the ovarian stroma, congested blood vessels (BV) with noted hemorrhage (Hg) & red blood cells
extravasation. Marked inflammatory cellular infiltration (corrugated arrows) is noted (H&E x 400). (E) Exhibiting an aberrant secondary follicle that has
granulose cells (GC) that have been desquamated and exfoliated into the follicular cavity. Dilated, congested blood vessels (BV), edema (E) (H& E  x400).

Fig.4: Ischemia / Revascularization losartan group IV (A) Displaying ovarian stroma that is almost normal, a developing secondary follicle (SF) and corpus
lutem (CL). Note the edema (E) in the ovarian stroma (H& E x100). (B) Showing developing follicle with some restoration of the surrounding granulosa cells
(GC). Some vacuolation (V), and widened, congested blood vessels (BV) are still denoted (H& E x400). (C) Showing a mature graffian follicle (GF), Restored
granulosa cells (GC) encircle the oocyte. Note that the blood vessels (BV) are not congested. Edema is still noted (E) (H& E x 400).
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Fig.5: A- Control group I showing mild positive Caspases 3 immunoreaction expression in ovarian follicular granulosa cells (arrows). B- Ischemia group 1L
showing strong positive immunoreaction to caspase-3 expression in granulosa cells of ovarian follicles (arrows). C- Ischemia / Revascularization group III
demonstrating a strong positive caspase-3 immunoreactivity expression in ovarian follicle granulosa cells (arrows). D- Ischemia / Revascularization losartan
group IV showing mild caspase-3 immunoreactivity in ovarian follicle granulosa cells (arrows). (Caspase-3 immunostaining, x 400)
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Fig.6: A- Control group I demonstrating a negative immunoreaction to TNF-a expression in the lutein and interstitial cells (arrows). (TNF-a immunostaining,
x 400). B- Ischemia group II demonstrating a strong positive reaction of TNF-a in the lutein and interstitial cells (arrows). C- Ischemia / Revascularization
group III displaying a strong positive immunoreaction of TNF-a in the lutein and interstitial cells (arrows). D- Ischemia / Revascularization losartan group
IV showing some cells exhibiting positive expression of TNF-o immunoreaction in the lutein and interstitial cells (arrows). (TNF-o immunostaining, x 400)
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Fig.7: A- Photomicrograph of adult rat ovary of control group I showing negative expression of IL-13 immunoreaction in the lutein and interstitial cells
(arrows). B- Ischemia II demonstrating a strong positive immunoreaction to IL-1f expression in the lutein and interstitial cells (arrows). C- Ischemia /
Revascularization group III showing intense positive immunoreactivity of IL-1f in the lutein and interstitial cells (arrows). D- Ischemia / Revascularization
losartan group IV showing mild positive expression of IL-1p immunoreaction in the lutein and interstitial cells (arrows). (IL-13 immunostaining, x 400)
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Fig.8: Analysis of the differences in SOD, reduced GSH, and MDA levels
in the studied groups.
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Fig.9: comparison of mean area % of Caspase 3, TNF- a and IL-1
immune-positive reaction in the studied groups.

Table 1: Analysis of the differences in SOD, reduced GSH and MDA levels among the studied groups.

Experimental groups (n=7) SOD  (u/gm. Tissue) GSH (mg/ g tissue) MDA (nmol/g.tissue)
Sham (control) (GI) 100.26 = 1.73 70.11 1.6 42.11+1.78
Ischemia (GII) 96.86 =+ 1.032b%* 32.86 & 0.94eb%* 81.17 + 1.65ub%*

Ischemia/Reperfusion (GIII)
Losartan Ischemia/Reperfusion (GIV)

97.03 £ 1.6320%*
98.76 £ 0.96

33.17 £ [.3a0%*
68.53 +1.8

79.82 & 1.82a0%*
4334 +£1.23

Table 2: Mean area% of Caspase-3, TNF- a and IL-1  immune-positive reaction (+SD) among various rat groups.

Experimental groups

Mean area % of caspase-3

Mean area % of TNF- a Mean area % of IL-1 8

Control (sham) (T) 1.21 £0.51
Ischemia (IT) 8.27 £ 0.74eb%*
Ischemia/Reperfusion (III) 7.56 £ 1.1120%%*
Losartan Ischemia/Reperfusion (IV) 2.01+1.25

0.94+0.76 1.02 +£0.51
24.05 £ 0.4]20%* 26.12 £ 0.4620%*
23.69 £ 0.82a0%* 25.67 £ 0.772b%*

1.75+£0.95 1.72+£0.91

DISCUSSION

Ovarian torsion affects all females, but especially
those who are of reproductive age. So, early detection and
treatment are critical for preserving the affected ovary and,
thus, fertility. Ovarian torsion has 2 pathological phases:
the ischemia phase, which begins with torsion and ends
with detorsion, and the reperfusion phase, which begins
with detorsion and is characterized by blood re-circulation
and formation of ROSE,

ROS produced upon reperfusion result in enhanced
lipid peroxidation and cytokine release from activated
neutrophils, which significantly damage DNA, cell
membranes, and mitochondria. This ultimately results in
tissue damagel'.

Earlier, numerous studies documented how various
agents could prevent ovarian I/R injury!®.

Therefore, the purpose of this research was to assess
if losartan may prevent ovarian damage caused by
ischemia and ischemic reperfusion and to determine its
possible mechanistic pathway; utilizing histological,
immune-histochemical, biochemical and morphometric
investigation in rat model.

In the present study, ischemia group rats stained
with H&E sections recruited loss of normal ovarian
histoarchitecture, degenerated follicles, dilated and
congested blood vessels and edema in the ovarian

stroma. The degenerated follicles indicated granulosa cell
desquamation and exfoliation with many cells exhibiting
dark pyknotic nuclei with degeneration of the oocyte
nucleus. Hyaline degeneration, hemorrhage in ovarian
stroma and marked inflammatory cell infiltration were
detected. These results were consistent with those of earlier
histology investigations®?. They reported histological
changes in ischemic ovarian tissue featuring many dark
nuclei and vacuolations in the corpus luteum, desquamated
follicular cells are found in the antral cavity of secondary
follicles, and different deformed and atretic follicles
without oocytes. The generation of ROS led to the prior
findings!*3!,

Due to partial and total twisting of the mesovarium,
the venous and lymphatic flow is interfered with, causing
ovarian oedema, but not the arterial blood flow4.

The primary hallmark of an atretic follicle is the
alteration of the oocyte and granulosa cell separation from
surrounding cells, which is indicative of zona pellucida
apoptosis accompanied by vacuolation of theca internal®!.

Previous study reported that, the blood supply to the
ovary was compromised by torsion, leading to venous
congestion and hemorrhaging. This can cause ovarian
tissue necrosis and a localized acute inflammatory reaction
at the damage location®". The hemorrhage causes iron-
overload resulting in hemosiderin deposits?®”..
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The appearance of eosinophilic homogenous exudate
in the ovarian stroma might indicate structural changes
with accumulation of protein secondary to cellular
degeneration and ovarian dysfunction as denoted by®*who
documented histopathological changes in alveolar wall
and interstitium associated with hyaline necrosis®”, also
observed acidophilic hyaline material development within
the renal tubules of male rats.

Current work revealed that in ischemia /
revascularization group there were loss of normal ovarian
histological architecture; degenerated follicles, hemorrhage
in ovarian stroma, edema and an invasion of inflammatory
cells. Within the corpus luteum, cytoplasmic vacuolation
was observed in the follicular granulosa and theca luetin
cells. Many dilated congested blood vessels, acidophilic
hyaline degeneration and pyknotic dark nuclei were also
detected. Atypical secondary follicles with granulose cell
exfoliation and desquamation within the follicular cavity
have been identified. These outcomes were consistent with
the conclusions of recent studies that ovarian I/R caused a
rise in follicular degeneration as indicated by a significant
decline in follicular numbers and a rise in the quantity of
atretic follicles, in addition to inducing ovarian damage as
proved by distortion of the ovarian histoarchitecture*’!.

Others reported that the ovarian I/R damage group
showed necrotic and apoptotic alterations, vascular
dilatation, hemorrhage and significant inflammatory cell
infiltration*!,

Oxygen deprivation is the initial stage of ovarian I/R
injury, which then advances to the over production of
free radicals, exacerbates inflammation, and terminates in
apoptosis and cell death!*?. Following diagnosis, a variety
of surgical procedures can be safe and helpful in treating
the patient, nevertheless, studies on non-surgical therapy
are continuously being conducted™.

Recent work stated that many antioxidants have been
tried to minimize ovarian tissue loss with reperfusion
injuryt4,

In the present study ischemia / revascularization
losartan group detected close to a typical ovarian stroma,
developing secondary follicle and corpus lutem. Some
vacuolation and dilated congested blood vessel were still
noted. Mature graffian follicle contained oocyte which
was surrounded by restored granulosa cells were present.
Edema was still observed.

The advantages of anti-inflammatory and antioxidant
drugs for I/R-induced injuries have been the subject of
an increasing number of research!. Additionally, the
advantages of proven medicinal compounds like losartan
when taken off-label®
-induced I/R injuries have been documented.

on ovarian torsion/detorsion

Angiotensin II type 1 receptor blocker losartan may
protect against ovarian I/R damage through an anti-
apoptotic effect!!?), and an antioxidant pathway??’.

Losartan might maintain the tubular structure following
renal I/R. When was given to the rats during reperfusion
it provided improving various renal function parameters
and morphology™®. Another study recruited that losartan
played a cardioprotective role against IR injury™”.

As regard the immunohistochemical results,
Caspase-3 immunostaining showed mild positive
caspase-3 immunoreactivity in the granulosa cells of
the control group's ovarian follicle. The majority of the
ovarian follicle-lining cells in the ischemia group had
strong positive immunological reaction of caspase-3.
This reaction was found in many granulosa cells of the
follicle in the ischemia revascularization group. Ischemia
revascularization losartan group showed mild positive
expression of caspase-3 immunoreaction. Morphometric
results showed that the mean area% of Caspase-3 immune-
reaction demonstrated a statistically significant rise in the
ischemia and ischemia revascularization (I/R) groups when
compared to the other studied groups with no significant
difference between control and losartan treated groups.
These results were consistent with**! who reported that
there was a substantial difference between the I/R group
and all other groups with regard to caspase-3 expression in
the ovarian tissues. They relied on caspase activation and
subsequent apoptosis to explain their findings. Caspase-3
is therefore a potential indicator of apoptosis.

Pathophysiological mechanisms have been suggested
for the apoptotic induction caused by ischemia-damaged
mitochondrial proteins, the chemotaxis activation, and the
endothelial adherence of leukocytes caused by defective
membrane proteins and phospholipids as a result of ROS
on lipid peroxidation™’,

Ovarian damage and decreased ovarian functional
capability are caused by apoptosis, which performs a vital
role in post-I/R injury. By using the TUNEL technique to
measure apoptosis, they discovered that it was higher in the
ischemia and IR groups®!.

Earlier study proved that Losartan may prevent the
death of cardiomyocytes after reperfusion and ischemia.
It's possible that the process increased the bcl-2/bax ratio
by inhibiting the expression of the bax genel*’.

IL-1B, and TNF-a are pro inflammatory cytokines
generated in I/R damage!™. IL-1B increases the rate of
apoptosis and inflammation®!. One of the main cytokines
that mediates inflammatory reactions is TNF-o, as is
widely recognized. Reperfusion-related tissue damage is
mostly dependent on TNF-a and IL-1BF2. In a prior study,
the use of Ura resulted in a reduction in IL-1p and TNF-a
levels, hence supporting the reduction in inflammation(*].

TNF-a, IL-1B are rapidly produced by different
types of cells in response to inflammatory and apoptotic
signals. They have important functions in cellular growth,
differentiation, proliferation, inflammatory response,
angiogenesis, and inflammation/*°l.
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Activated leukocytes, triggered by reperfusion,
cause nuclear transcription factors to become active and
proinflammatory cytokines like TNF-a and IL-1B to be
synthesized®™.

In the present study negative expression of TNF-a
and IL-1B immunoreaction were noticed in lutein and
interstitial cells of control rats. Ischemia group exhibited
strong positive immune reaction of TNF-a and IL-1f. The
revascularization group revealed strong positive immune
expression of TNF-a and IL-1f in lutein and interstitial
cells. The revascularization losartan group exhibited mild
positive expression of TNF-a and IL-1f immunoreaction in
lutein and interstitial cells. Morphometric findings indicated
that the mean area% of TNF- o and IL-1f immune-reaction
demonstrated an extremely large increase in the groups
experiencing ischemia and ischemia revascularization
(I/R) comparable to the other experimental groups with no
significant difference between control and Losartan treated
groups.

The binding of TNF-a to TNF receptor (TNFR) and
subsequent TNF R recruitment of adaptor proteins to the
intracellular domain and homotrimerization are likely
facilitated by I/R intermediated stimulation of TNF-a,
which in turn causes inflammation, oxidative stress, and
apoptosist.

TNF-0 controls hematopoietic, inflammatory, and
immunological responses®. Ovarian tissue may have
experienced oxidative-inflammatory reaction leading
to DNA breakage and apoptosis in response to TNF-'s
pleiotropic biological effects®™. TNF-a can exacerbate
tissue and organ damage by inducing the synthesis of
additional inflammatory markers, such as IL-1p5¢,

The group with ovarian I/R injury exhibited elevated
levels of TNF-a and IL-1p. These findings are in line with
earlier studies that discovered ovarian I/R damage raises
cytokine levels, such as TNF-a and IL-1pMY.

In mice suffering from antigen-induced arthritis (AIA),
losartan treatment reduced migration and the levels of
TNF-a, IL-1B, and chemokine ligand 1. Apart from
lowering the generation of cytokines, losartan also directly
decreased leukocyte adhesion and rolling. These results
offer probable explanations for losartan's anti-inflammatory
properties and support its usage in the treatment of arthritic
patients in humans?”,

The present work detected that the levels of both
SOD and reduced GSH concentrations were diminished
in the ischemia and ischemia revascularization (I/R)
groups. However, administration of losartan before
revascularization in group IV, the rat's ovary's levels were
reversed. Groups (I & III) showed extremely significant
decrease of both SOD and reduced GSH concentrations
activity in the rat’s ovary compared to the control and
losartan treated groups with no significant difference
between control group and losartan treated group. In
previous studies, a decrease in SOD activity was observed

in the revascularization group as opposed to the sham
operated group®®.

Also there was highly significant increase in MDA
concentrations between the Ischemia /Revascularization
and ischemia groups, and the other group. However, were
decreased in the losartan treated group, with no significant
difference between control group and Losartan treated
group. Previous studies came to the conclusion that MDA
is a hazardous byproduct of ROS that builds up in ischemia/
revascularization injury and is indicative of compromised
cell wall integrity and permeability. It is a useful indicator
of lipid peroxidation®”.

Tissues are protected against reactive oxygen species
(ROS) and oxidative damage by SOD, which is directly
formed in the intracellular environment. In general, MDA
is favored as an indirect ROS indication.

Prior research revealed that the groups treated with
losartan exhibited increased levels of SOD activation
compared to the DM group. Conversely, MDA levels in
the groups receiving losartan were considerably lower than
those in the diabetic group. Additionally, data indicate that
losartan suppresses NF-kB activation and removes products
of lipid peroxidation in the retinal®” and pancreatic cells®!.

In the present study, the losartan-treated group's
ovarian tissue showed reduced damage. It displayed
almost normal follicles together with a small number of
deteriorated follicles. Losartan's enhancement of follicular
growth due to ROS inhibition is likely the cause of these
changes. Losartan medication prior to I/R also dramatically
decreased the mean area% of caspase-3 immunoreaction in
comparison to the control group. It was established that
losartan reduced oxidative stress and increased ovarian
granulosa cell proliferation, which in turn enhanced the
growth of follicular cells. So, by lowering the expression
of caspase-3, the mechanism of apoptosis was inhibited.

CONCLUSION

The data obtained in this study strongly imply that tissue
injury caused by ischemia and I/R in the ovaries can be
effectively reduced by conservative therapy with losartan.
Histological, immunohistochemical, morphometric, and
biochemical investigations in torsion and detorsion injury
in rat model demonstrated that losartan administration
decreased ovarian damage. Losartan's protective impact
is mostly mediated by its antioxidant function. Losartan
would therefore be beneficial in preserving the ovaries
from damage caused by torsion-detorsion, most likely as
a result of antioxidant down-regulation abilities. Losartan's
protective impact on the ovaries will be valuable not only
in the treatment and prevention of ovarian torsion but also
in other ovary-related disorders where oxidative stress
plays a direct or indirect role. It is advised to conduct more
research to find the ideal dosage and timing for losartan.
Future successful trials using antioxidant chemicals such
as losartan may help sustain surgically untwisted ovaries.
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