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In this study, the biochemical and histopathological effects of omeprazole on ischemia-reperfusion (I/R) induced oxidative damage in rat
ovarian tissue were investigated. The moment that the animals remained motionless in supine position was considered the appropriate
time to perform surgery. The ovaries of the rats were reached through a 2.0-2.5 cm long vertical incision in the lower abdomen. Subsequently,
in the omeprazole (OIR) and the control groups (I/RC), a vascular clip was placed in the lower part of the right ovary (the part where the
ovary is attached to the uterus) and ischemia was maintained for 3 h. (No ischemia was applied in the healthy group.) After this period, the

the ovaries were removed and histopathological and biochemical studies were performed. Omeprazole has an antioxidant effect and it can
have a protective function in the oxidative damage induced by ischemia-reperfusion. We have found that omeprazole prevents oxidative

damage due to ischemia-reperfusion injury in rat ovarian tissue.

INTRODUCTION

Ovarian ischemia is usually caused by ovarian torsion,
which leads to the obstruction of the ovarian artery and the
ovarian vein. Ovarian ischemia is an emergency with an
indication for acute intervention'*. Though it can be encoun-
tered at all ages in women, it is more frequently seen in the
premenarche and in the reproductive period®. In the case of
late diagnosis and clinical necrosis, ovariectomy is the treat-
ment of choice*. However, in children, in order to preserve the
ovaries, even in cases with severe impairment of the circulation,
it is advised to reperfuse the ovaries by means of detorsion’”.

However, contrary to the expectations of tissue perfusion,
the reperfusion aggravates the effects of the ischemic damage®.
This phenomenon, known as reperfusion damage, is initiated
by the formation of free oxygen radicals’. For this reason, free
oxygen radicals are known as the mediators of the reperfusion
damage'’. The mediators of the reperfusion damage (the free
oxygen radicals) oxidate the cell membrane lipids and cause
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formation of toxic products such as aldehydes and
malondialdehyde (MDA)'". The free oxygen radicals react not
only with the lipids, but also with DNA resulting in the forma-
tion of 8-hydroxyguanine (8-OHGua) which is mutagenic'?.
In addition, MDA, which is the last product of the lipid
peroxidation, is also thought to cause DNA mutation'>',
Glutathione (GSH) and other enzymatic and non-enzymatic
antioxidants are of vital importance in the protection of tissues
from oxidative stress, but when the antioxidant defense mecha-
nisms fail, serious tissue injury occurs'’. These data indicate
that antioxidant therapy may be useful in the treatment of I/R
damage.

The drug we used in this experiment was omeprazole,
which is a proton pomp inhibitor and an antiulcer agent. It has
been shown in vivo experiments in rats that omeprazole inhibits
the production of MDA, which is a lipid peroxidation product
and elevates the GSH levels. This results in its gastro protective
effect'. These findings suggest that omeprazole has an anti-
oxidant effect and it can have a protective function in the



4944 Demiryilmaz et al.

Asian J. Chem.

oxidative damage induced by ischemia-reperfusion (I/R). In
the literature search, we found no data about the protective
function of omeprazole in oxidative damage induced by I/R.

The aim of this study was to investigate the biochemical
and histopathological effects of omeprazole on the ischemia-
reperfusion induced oxidative stress and DNA mutation in rat
ovarian tissue.

EXPERIMENTAL

In this study, 18 Wistar albino female rats of 210-225 g
were used which were supplied from Atatiirk University Medi-
cal Application and Research Center. The animals were kept
in groups at room temperature (22 °C) and were fed.

The chemical substances used for the experiments,
thiopental sodium was provided by IE Ulagay-Turkey.
Omeprazole was obtained from Ilsan-Iltas-Turkey.

Procedure: The surgical interventions on rats were
performed in laboratories, under sterile conditions, using
thiopental (25 mg/kg intra-peritoneal) sodium anesthesia.
Before 1 h, the thiopental sodium anesthesia, one group of
rats (N = 6) was given omeprazole 20 mg/kg orally. In the
control group (N = 6) and the group of healthy rats (N = 6),
distilled water was injected via the same way. After thiopental
sodium injection, the rats were kept until the appropriate
moment for surgical intervention. The moment that the animals
remained motionless in supine position was considered the
appropriate time to perform surgery. The ovaries of the rats
were reached through a 2.0-2.5 cm-long vertical incision in
the lower abdomen. Subsequently, in the omeprazole (OIR)
and the control groups (I/RC), a vascular clip was placed in
the lower part of the right ovary (the part where the ovary is
attached to the uterus) and ischemia was maintained for 3 h.
(No ischemia was applied in the healthy group.) After this
period, the vascular clip was removed in order to provide
reperfusion for 2 h. Afterwards, all the animals were terminated
by high dose-anesthesia, the ovaries were removed and histopa-
thological and biochemical studies were performed. The results
of the omeprazole group were compared with the results of
the I/RC and SSG groups"’.

Biochemical analysis of ovarian tissue: To perform this
experiment, 0.2 g of whole ovarian tissue was weighed for
each ovary. The samples were homogenized in ice with 2 mL
buffers consisting of 1.15 % potassium chloride solution for
malondialdehyde analysis and pH = 7.5 phosphate buffer for
the other analyses. Then, they were centrifuged at 4 °C, 10,000
rpm for 15 min. The supernatant part was used as the analysis
sample. For all the measurements the tissue-protein estimation
was performed according to Bradford's method'®.

Malondialdehyde (MDA) analysis: The concentrations
of ovarian lipid peroxidation were determined by estimating
MDA using the thiobarbituric acid test". The rat ovaries were
rinsed with cold saline. The corpus mucosa was scraped,
weighed and homogenized in 10 mL of 100 g/l KCI. The
homogenate (0.5 mL) was added to a solution containing 0.2
mL of 80 g/L sodium lauryl sulphate, 1.5 mL of 200 g/L
acetic acid, 1.5 mL of 8 g/L. 2-thiobarbiturate and 0.3 mL
distilled water. The mixture was incubated at 98 °C for 1 h.
Upon cooling, 5 mL of n-butanol:pyridine (15:1) was added.

The mixture was vortexed for 1 min and centrifuged for 0.5 h
at 4000 rpm. The absorbance of the supernatant was measured
at 532 nm. The standard curve was obtained by using 1,1,3,3-
tetramethoxypropane.

Total glutathione (tGSH) analysis: The amount of GSH
in the total homogenate was measured according to the method
of Sedlak and Lindsay with some modifications®. The sample
was weighed and homogenized in 2 mL of 50 mM Tris-HCl
buffer containing 20 mM EDTA and 0.2 mM sucrose at pH
7.5. The homogenate was immediately precipitated with 0.1
mL of 25 % trichloroacetic acid and the precipitate was
removed after centrifugation at 4200 rpm for 40 min at 4 °C
and the supernatant was used to determine GSH level. 1500 pL
of measurement buffer (200 mM Tris-HCl buffer containing
0.2 mM EDTA at pH 7.5), 500 pL supernatant, 100 uL DTNB
(10 mM) and 7900 uL. methanol were added to a tube and
vortexed and incubated for 0.5 h in 37 °C. 5,5-Dithiobis(2-
nitrobenzoic acid) (DTNB) was used as an chromogen and it
formed a yellow-coloured complex with SH groups. The absor-
bance was measured at 412 nm using a spectrophotometer.
The standard curve was obtained by using reduced glutathione.

Isolation of DNA from ovarian tissue: Ovarian tissue
was drawn and DNA isolated using Shigenaga et al.'s modified
method®'. Samples (for ovarian tissue 50 mg) were homo-
genized at 4 °C in 1 mL of homogenization buffer (0.1 M
NaCl, 30 mM Tris, pH 8.0, 10 mM EDTA, 10 mM 2-mercapto-
ethanol, 0.5 % (v/v) Triton X-100) with 6 passes of a Teflon-
glass homogenizer at 200 rpm. The samples were centrifuged
at 4 °C for 10 min at 1000 g to pellet nuclei. The supernatant
was discarded and the crude nuclear pellet re-suspended and
re-homogenized in 1 mL of extraction buffer (0.1 M Tris, pH
8.0, 0.1 M NaCl, 20 mM EDTA) and re-centrifuged as above
for 2 min. The washed pellet was re-suspended in 300 uL of
extraction buffer with a wide orifice 200 pL Pipetman tip. The
re-suspended pellet was subsequently incubated at 65 °C for
1 h with the presence of 0.1 mL of 10 % SDS, 40 uL proteinase
Kand 1.9 mL leukocyte lysis buffer. Then, ammonium acetate
was added to the crude DNA sample to give a final concen-
tration of 2.5 mol/L and centrifuged in a micro centrifuge for
5 min. The supernatant was removed and mixed with two
volumes of ethanol to precipitate the DNA fraction. After
centrifugation, the pellet was dried under reduced pressure
and dissolved in sterile water. The absorbance of this fraction
was measured at 260 and 280 nm. Purification of DNA was
determined as A 260/280 ratio 1.8.

DNA hydrolysis with formic acid: About 50 mg of DNA
was hydrolyzed with 0.5 mL of formic acid (60 %, v/v) for
45 min at 150 °C*. The tubes were allowed to cool. The contents
were then transferred to Pierce micro-vials, covered with
Kleenex tissues cut to size (secured in place using a rubber
band) and cooled in liquid nitrogen. Formic acid was then
removed by freeze-drying. Before analysis by HPLC, they were
re-dissolved in the eluent (final volume 200 pL).

Measurement of 8-OH Gua with high performance
liquid chromatography (HPLC) system: The amount of
8-OHGua and guanine (Gua) was measured by using a HPLC
system equipped with an electrochemical detector (HP Agilent
1100 module series, ECD HP 1049 A), as described previously**.
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The amount of 8-OHGua and Gua was analyzed on a 250 4.6
mm Supelco LC-18-S reverse-phase column. The mobile phase
was 50 mM potassium phosphate, pH 5.5, with acetonitrile
(97 volume acetonitrile and 3 volume potassium phosphate)
and the flow rate was 1.0 mL/min. The detector potential was
set at 0.80 V for measuring the oxidized base. Gua and
8-OHGua (25 pmol) were used as standards. The 8-OHGua
levels were expressed as the number of 8-OHGua molecules/
105 Gua molecules™.

Histological examination: At the end of each experiment
the ovaries were removed and fixed in 10 % neutral buffered
formalin solution and then embedded in paraffin as usual. Serial
sections were cut using the microtome at a thickness of 4 um
and stained with hematoxylin and eosin. The histologic sections
were examined fort the presence of interstitial edema, vascular
dilatation, hemorrhage and polymorphonuclear neutrophilic
(PMN) infiltrations, using a microscope Olympus BX-50 with
a microscope and photograph.

RESULTS AND DISCUSSION

Biochemical results: As seen in Table-1, the MDA level
in the I/RC group was 5.9 £ 0.14 umol/g protein and the GSH
level was 1.1 £ 0.09 nmol/g protein; whereas the MDA and
GSH levels in the OIR group were, respectively 2.5 £ 0.1 (p <
0.0001) umol/g protein and 3.3 + 0.12 (p < 0.0001) nmol/g
protein. In the SSG group, these values were, respectively 2.7
+0.11 (p <0.0001) umol/g protein and 3.1 £0.13 (p < 0.0001)
nmol/g protein and 8-OHGua levels in the rat ovarian tissue
in the I/RC, OIR and SSG groups were, respectively 1.3 + 0.1,
0.44 +£0.07 (p <0.0001) and 0.49 = 0.09 (p < 0.0001) pmol/L.

TABLE-1
EFFECT OF OMEPRAZOLE ON THE AMOUNT OF 8-OH Gua,
MDA AND GSH LEVELS IN OVER TISSUE AFTER IR. I/RC:
ISCHEMIA/REPERFUSION CONTROL GROUP, OIR:
OMEPRAZOL RECEIVED ISCHEMIA/REPERFUSION GROUP
AND SSG: SHAM SURGERY GROUP. RESULTS ARE THE
MEANS + STANDARD ERROR OF THE MEAN (N = 6)

G MDA (pmol/ e GSH (pmng 8-OHGua
protein) protein) (pmol/L)
I/RC 59+0.14 1.1+£0.09 1.3£0.1
P _ — _
OIR 25+0.1 33+0.12 0.44 +0.07
P <0.0001 <0.0001 <0.0001
SSG 2.7+0.11 3.1+0.13 0.49 £ 0.09
P <0.0001 <0.0001 <0.0001

Histopathological results

Healthy rat ovarian tissue: As seen in Fig. 1, the histopa-
thological examination of the healthy animal group with the
SHAM operation revealed a mild edema and mild vascular
congestion.

Rat ovarian tissue of the OIR group: In the OIR group
with omeprazole + ischemia/reperfusion, a mild edema and
mild vascular congestion were observed (Fig. 2).

Rat ovarian tissue of the IRC group: In the IRC group
with omeprazole + ischemia/reperfusion, severe edema and
vascular congestion, hemorrhage and leucocyte infiltration
were observed (Fig. 3).

SRR i o

Fig. 1. Histopathological examination of the healthy animal group with
the Sham operation revealed a mild edema and mild vascular

congestion

Fig. 2. OIR group with omeprazole + ischemia/reperfusion, a mild edema
and mild vascular congestion were observed

X - 'y A el U R
Fig. 3. I/RC group with ischemia/reperfusion, severe edema and vascular
congestion, hemorrhage and leucocyte infiltration were observed

In this study, the biochemical and histopathological
effects of omeprazole on the ischemia-reperfusion (I/R) induced
oxidative damage in rat ovarian tissue were investigated and
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the histopathological effects were evaluated. Oxidative stress
is a serious disproportion of the formation of free oxygen
radicals and antioxidant defense mechanisms?. The increased
lipid peroxidation during reperfusion (LPO) is a result of the
attack of OH radicals on the cell membrane fatty acid side
chains''. The membrane injury formed by LPO is irreversible®.
Lipid peroxidation during reperfusion is initiated by the forma-
tion of the carbon-based -CH- lipid radical. This lipid radical
interacts with molecular oxygen and forms the lipid peroxyl
radical. The lipid peroxyl radicals unite with H and transform
to lipid hydroperoxides and this causes the initiation of a spon-
taneous chain reaction”. The most commonly known aldehydes
formed because of LPO are MDA and 4-hydroxynonenal.
Lipid peroxidation during reperfusion can be evaluated by
determining the MDA. The peroxyl radicals and the MDA
can cause cross-linking and the polymerization of the memb-
ranes and membrane components and lead to serious injury in
these structures®?. The LPO reaction is either terminated by
the collecting antioxidant reactions, or continues with the
autocatalytic diffusion reactions™. In our study, the MDA levels
in the rat ovarian tissue of the OIR group were lower than in
the IRC group. This difference was statistically significant.
This result indicates that omeprazole inhibits the autocatalytic
diffusion reactions that are induced by I/R damage. It has been
reported that the MDA levels increase parallel to the extent of
the tissue damage in various tissues®'. These findings are in
concordance with our results.

Furthermore, we have found lower levels of GSH levels
in the I/RC group, compared to OIR and SSG. This suggests
that in the I/RC group the oxidant-anti-oxidant balance has
changed in favour of the oxidants. Furthermore, this indicates
that the endogenous anti-oxidant mechanisms are insufficient
for the elimination of the I/R damage. In order to eliminate
the I/R damage, there is a need for accessory exogenous mecha-
nisms to change the oxidant-antioxidant balance in favour of
the antioxidants. The administration of omeprazole seems to
change the balance in favour of the antioxidants. As known,
there are enzymatic and non-enzymatic defense mechanisms
in the body. The de-oxidation operations carried out with
endogenous GSH are defined as the non-enzymatic defense
mechanisms®. Antioxidant defense is described as scavenging
free radicals, prevention of their production, stopping chain
reactions, repair of cell damage and an increase in the endog-
enous anti-oxidant capacity™. The higher GSH amount in the
OIR group compared to the I/RC group indicates that
omeprazole increases the endogenous anti-oxidant capacity.

Glutathione is an important endogenous antioxidant,
which has arole in DNA and protein synthesis, in the regulation
of the enzyme activities and against oxidative stress™***. There
are experimental studies which show that in the damaged
tissue, the GSH levels and other antioxidant parameters are
decreased and MDA levels increase®. It has been experimen-
tally demonstrated that reperfusion.

Following ischemia lead to severe injury not only in ovaries
but also in the different tissues™’. It was demonstrated that
antioxidant activity is important for repair of tissue damage™.
The excessive production of free oxygen radicals causes serious
damage, not only in the lipids but also in the DNA. It has been

advocated that the reaction of the nucleic acids with ROS result
in DNA mutation and in cell death'*'*. Another cause of DNA
damage is the formation of the OH" radicals because of the
reaction of H,O, with Fe-Cu ions in the nucleus. Furthermore,
because the DNA consists of a large number of negatively
loaded phosphate groups, it is bonded to the positively loaded
metal ions such as Fe**** and Cu'"** ¥, These metal ions that
are bonded to DNA react with the H,O, in the nucleus causing
the formation of toxic radicals, such as OH’, on the DNA and
oxidative damage*’. Because of the damage of the OH* and O,
radicals on DNA, mutagenic DNA , such as 8-OHGua and
FAPyGuanin (FAPyG), is formed*'. Due to its strong oxidizing
effects, the superoxide anion reacts easier with molecules with
areas containing a high density of electrons, such as Gua*.

We found high levels in the IRC control group rat ovarian
tissue, in which the MDA levels were also high. The results of
biochemical analyses in ovarian tissue are supported by the
histopathological findings. In the IRC group, severe edema
and vascular congestion, hemorrhage and leucocyte infiltration
were observed. Histopathologically, the ovarian tissue in the
OIR group had almost the same characteristics as the SSG
group (mild edema and vascular congestion). The increased
vascular permeability and neutrophils are considered to be
responsible for the edema in the I/R injury*. Furthermore,
PMNL have the capacity to produce SOR in large amounts*.
There are studies reporting that the degree of neutrophil activa-
tion and tissue infiltration has a correlation with the severity
of the reperfusion injury®. These data are also in concordance
with our findings.

Conclusion

Itis found that omeprazole prevents oxidative damage due
to ischemia-reperfusion injury in rat ovarian tissue.
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