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ABSTRACT

PURPOSE: To investigate the neuroprotective effects of Sulindac on the hippocampal complex after global cerebral ischemia/reperfusion
(I/R) injury in rats.

METHODS: Thirty one Sprague-Dawley rats were used, distributed into group I (sham) n:7 were used as control. For group II (n:8), I1I (n:8)
and IV (n:8) rats, cerebral ischemia was performed via the occlusion of bilateral internal carotid artery for 45 minutes and continued with
reperfusion process. 0.3 mL/kg/h 0.9 % sodium chloride was infused intraperitoneally to the Group II rats before ischemia, Spug/kg/h/0.3
ml sulindac was infused intraperitoneally to the Group III rats before ischemia and 5Spug/kg/h/0.3 ml sulindac was infused intraperitoneally
to the Group IV rats after ischemia and before reperfusion process. The levels of MDA, GSH and MPO activity were measured in the left
hippocampus tissue. The hippocampal tissue of all group members were taken for histopathological study.

RESULTS: The MDA and MPO levels increased from group I (control) to group II (I/R) (P<0.05) and decreased from group II (I/R)
to group III (presulindac + I/R) and IV (postsulindac + I/R) (P<0.05). Beside these, the GSH levels decreased from group I (control) to
group II (I/R) (P<0.05) and increased from group II (I/R) to group III (presulindac + I/R) and IV (postsulindac + I/R) (P<0.05).

The number of apoptotic neurons increased from group I (control) to group II (I/R) (P<0.05) and decreased from group II (I/R) to group
III (presulindac + I/R) and IV (postsulindac + I/R) (P<0.05).

CONCLUSION: The Sulindac may have neuroprotective effects on ischemic neural tissue to prevent the reperfusion injury after ischemia.
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Introduction

Patients exposed to acute stroke have an area of severely
affected brain tissue, the ischemic core, which is irreversibly
damaged. Previous studies demonstrated that apoptosis plays a
crucial role in progression of injury because of brain ischemia'.
After the primary neuronal cell injury, secondary neuronal
damage via inflammation occurs following reperfusion of
the ischemic tissue, which also plays a role in the progress of
brain damage, called as reperfusion injury. So, the aim of many
clinicians is to prevent neural ischemia-reperfusion injury.

The

injury includes the release of reactive oxygen species (ROS),

pathophysiology =~ of  ischemia-reperfusion

accumulation and infiltration of neutrophils, inflammatory
cytokines, macrophages and activation of proteases’. The
excessive production of ROS in ischemia-reperfusion causes to a
considerable oxidative stress as indicated by lipid peroxidation®.
Superoxide anions, hydroxyl free radicals and hydrogen peroxide
called as ROS are produced as a consequence of metabolic reactions
during central nervous system activity*. ROS are directly involved
in oxidative stress and damage of cellular macromolecules such as
nucleic acids of proteins and lipids in ischemic tissues, which may
lead to apoptosis and cell death’. Inflammatory mediators based
from the leukocytes can produce hypotension, metabolic acidosis,
and tissue damage which may lead to organ dysfunction®.

Sulindac isanon-selective aldose reductase inhibitor’. Ithas
also antipyretic, analgesic, anticarcinogenic and anti-inflammatory
properties. Beside the its primary mechanism such as inhibition of
prostaglandine synthesis by inhibiting cyclo-oxygenase constitutes,
also the free radical scavenging activity of it for all ROS and reactive
nitrogen species may strongly contribute to its anti-inflammatory
activity’. In addition to all these, a growing body of evidence shows
that Sulindac has remarkable neuroprotective effects via reduction
of protein oxidation in neuroischemic diseases®’.

Although the free radical scavenging activity, the
inhibitory and anti-inflammatory activities of sulindac on aldose
reductase have known, the neuroprotective effect of sulindac
against ischemia-reperfusion injury has not been evaluated, yet.
The aim of the present study is to investigate the protective effect
of sulindac, a non-selective aldose reductase inhibitor, against to

ischemia-reperfusion injury in rats.

Methods

Experiments were performed in accordance with the
“Animal Welfare Act and the Guide for the Care and Use of

Laboratory animals prepared by the Marmara University,
Animal Ethical Committee”. Thirty one Sprague-Dawley
rats (aged 8-12 weeks) weighing 280 = 20 g (mean = SD)
obtained from the Laboratory Animal Production Unit of
Marmara University was used in the study. They were kept in
a controlled temperature, humidity, and controlled photoperiod
environment for one week before the start of the experiment.
A commercial balanced diet and tap water were provided ad
libitum. All animals received humane care in compliance with

institutional guidelines.

Experimental design

Thirty one rats divided into 4 groups (each animal was
placed separately in a stainless-steel cage). Group I rats (sham,
n=7) were used as control. Group II (I/R + 0.9 % NaCl, n=8), group
IIT (I/R + pre-sulindac, n=8) and group IV (I/R + post-sulindac,
n=8) rats were the rest groups. The animals of all groups were
anaesthetized with ketamine (100 mg/kg; ip) and chlorpromazine
(12.5 mg/kg, ip).

For group I rats, the neck incision was left open for
45 min, but the common carotid arteries (CCA) and vertebral
arteries were not occluded. This group of animals was used
to determine the effects of anesthesia and operation over the
results.

For group II, Il and IV rats, they were prepared for I/R
model via occlusion of bilateral CCA. For this purpose, bilateral
CCA were exposed with a transverse ventral neck incision and
bilateral CCA were occluded with aneurysm clips for 45 minutes,
followed by 6 hours of reperfusion.

For group II, the rats received 0.3/kg/h 0.9 % NaCl
intraperitoneally before I/R injury. For group I11, the rats received
Sug/kg/h/0.3 ml sulindac intraperitoneally before ischemia process
(45 minutes) and the situation followed with 6 hours reperfusion.
For group 1V, the rats received Spg/kg/h/0.3 ml intraperitoneally
after 45 minutes ischemia process and the situation followed with
6 hours reperfusion.

Rats of all groups were sacrificed via decapitation.
Craniotomy was also performed in groups I, II, IIl and IV.
The brains were removed immediately after sacrification
of animals. The left hippocampal formations of all animals
were dissected and washed with ice cold isotonic NaCl to
remove residual blood. Tissues were stored at —70 °C until
biochemical analysis. The right hemispheres were blocked for

histopathological analysis.
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Biochemical analyses

The frozen tissue samples of hippocampal tissue were
weighed and homogenized (Ultra Turrax T25, Germany) (1:10,
w/v) in 50 mmol L' phosphate buffer (pH 7.4) kept in an ice bath.
The protein content of the tissue samples was determined using the

Lowry method'’.
Tissue myeloperoxidase measurements

Tissue-associated myeloperoxidase (MPO) activity
was determined in 0.2- to 0.3-g samples. Tissue samples were
homogenized in 10 vols of ice-cold potassium phosphate buffer (20
mM K2HPO, pH 7.4). The homogenate was centrifuged at 12,000
rpm for 10 min at 4°C. MPO activity was assessed by measuring
the H,0,-deependent oxidation of o-dianisidine -2HCI. One unit
of enxyme activity is defined as amount of the MPO present that

causes a change in absorbance of 1.0 min ! at 460 nm and 37°C®.

Tissue malondialdehyde (MDA) and glutathione
(GSH) measurement

Tissue samples were homogenized in 10 volumes of
ice-cold 10 % trichloracetic acid and centrifuged at 3000 rpm
for 15 min at 4°C. The supernatant was transferred to a test tube
containing an equal volume of TBA (0.67 %w/v), and this mixture
was then heated to 90°C and maintained at that temperature for
15 minutes. The MDA concentration for each specimen was
determined in a spectrophotometer based on level of absorbance at
532 nm, and was expressed as nmol/g tissue''. GSH measurements
were performed using a modification of the Ellman procedure'>.
GSH levels were calculated using an extinction coefficient of

1-36x10° M/cm. Results are expressed in pmol GSH/g tissue.
Histological examination

Comparisons of levels of neuronal cell death were made
from the number of morphologically intact cells and the number
of black-stained picnotic cells for the evaluation of apoptosis
and necrosis. Sections were stained with haematoxyline and
eosin (H&E), which shows black-stained picnotic cells in the
hippocampal CA1l, CA2, CA3, and dentate gyrus (DG) regions
and Cresyl violet acetate, which shows selective staining of Nissl
granules (tigroid bodies and Nissl bodies) in the hippocampal
CA2 regions. The numbers of cells in each group were counted

separately in four hippocampal areas (two areas each per portion)
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of the hippocampal regions per section. Mounted slides were
examined under a light microscope (Nikon Microscope ECLIPSE
E600W, Tokyo, Japan) and photographed using a digital camera
(Microscope Digitale Camera DP20, Tokyo, Japan). The images
were processed by an IBM-compatible personal computer, high-
resolution video monitor and image analysis software (BS200
Docu Version 2.0, BAB Imaging Systems, Ankara, Turkey) camera
and optical microscope. The method requires preliminary software
procedures of spatial calibration (micron scale) and setting of
color segmentation for quantitative color analysis'®. The number

of apoptotic cells was calculated as an average per rat.

Statistical analysis

Data is presented as means + standard deviation
(SD). A computer program (SPSS 15.0, Chicago, IL, USA)
was used for statistical analysis. Distribution of the groups
was analyzed with a Shapiro-Wilks test. They were analyzed
using a Kruskal-Wallis H-test. Differences between two groups
were determined with a Mann—Whitney U-test. P< 0.05 was

considered statistically significant.

Results

Biochemical analysis

MDA levels

As shown in Figure 1, MDA levels were 15.3+1.179
nmol/g protein (mean + SD) in group I (control), 26.72+4.86
nmol/g protein in group II (I/R), 14.09+1.21 nmol/g protein in
group III (I/R + pre-sulindac) and 15.97£1.13 nmol/g protein in
group IV (I/R + post-sulindac).

According to these values, MDA levels were
significantly higher in group II than in group I (P<0.05).
Additionally, the MDA levels were significantly lower in group
III and IV than in group II (P<0.05).

MPO activity
As seen in Figure 1, MPO activities were 3.22+0.71

nmol/g tissue (mean + SD) in group I (control), 11.8+1.67 nmol/g
tissue in group II (I/R), 5.51+0.86 nmol/g tissue in group III
(/R + pre-sulindac) and 5.091£1.37 nmol/g tissue in group IV
(/R + post-sulindac). According to these values, MPO activity
were significantly higher in group II than in group I (P<0.05).
Additionally, the MPO activity were significantly lower in group
I and IV than in group II (P<0.05).



The neuroprotective effect of Sulindac after ischemia-reperfusion injury in rats

-
=

I Control (vehicle) (n:7)
- R (n:8)

M Pre-Sulindac (n:8)
Post-Silindac (n:8)

-
o

Brain MPO (U/g)
o

I Control (vehicle) (n:7)
5 . /R (n:8)
M pre-Sulindac (n:8)
EZApost-Sulindac (n:8)

MDA (nmol/g)

4 =
3.5 4
3 i
,__?32.5 | O control {(vehicle) (n:7)
= 5.] mI/R(n:8)
;11 - m pre-sulindac(n:8)
i} '1 | @ post-sulindac (n:8)
0.5
0

FIGURE 1 - Hippocampal tissue MDA, MPO and GSH levels.

GSH levels

As seen in Figure 1, GSH levels were 2.64 £0.27 umol
GSH/g tissue in group I (control), 1.25+0.15 pmol GSH/g tissue
in group II (I/R), 2.28+0.17 pmol GSH/g tissue in group III (/R
+ pre-sulindac) and 2.12+0.17 pmol GSH/g tissue in group IV
(I/R + post-sulindac). According to these values, GSH levels
were significantly lower in group II than in group I (P<0.05).
Additionally, the GSH levels were significantly higher in group I11
and IV than in group II (P<0.05).

Apoptotic cells

The results of the apoptotic neuron quantification in the

hippocampus proper and dentate gyrus are shown in Figure 2.
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FIGURE 2 - Apoptotic cell quantification in hyppocampus and dentate gyrus.

These results showed that the number of apoptotic
neurons was significantly higher in group II than in group I
(p=0.003). Additionally, the number of apoptotic neurons was
significantly lower in group III than in group II (p=0.002).
Figures 3 and 4 show the H&E and Cresyl violet acetate stained
sections of the hippocampal tissue.

FIGURE 3 - In a H&E, stained sections. A. Hippocampal tissue
histology in control rats. B. Hippocampal tissue histology Group
II rats (I/R) group rats. Severe degenerative changes and shrinkage
cytoplasma and extensively dark picnotic nuclei are seen in neuronal
cells. C. Less degenerative changes and slight shrunken in cytoplasma
and nuclei are seen in neuronal cells. Hippocampal tissue histology in
group III (I/R + pre-sulindac,) and group IV (I/R + post-sulindac,) rats.
Scale bar=30pm.
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FIGURE 4 - In a Cresyl violet acetate stained sections, CA2 region.
A. Hippocampal tissue histology in control rats. B. Hippocampal tissue
histology Group II rats group rats. Extensively increase dark picnotic
nuclei and selective staining of Nissl granules (tigroid bodies and Nissl
bodies) in the hippocampal. C. Hippocampal tissue histology in group III
(I/R + pre-sulindac,) group IV (I/R + post-sulindac,) and rats. Decrease
Nissl granules (tigroid bodies and Nissl bodies) Cresyl violet acetate x200

Discussion

The hippocampus located in the middle of the brain, has
many functions such as learning, memory, analysis of knowledge,
cognition, and communication. As it has been demonstrated in the
literature, the neural structures especially the hippocampal area has
a specific vulnerability to ischemia-reperfusion injury process®!*!5.

In this study, we examined the effects of sulindac on
cerebral global I/R injury in the rats’ hippocampal formation. I/R
injury in the absence of sulindac administration produced increase
in MDA levels, MPO activity and number of apoptotic neurons of
hippocampal tissue. In contrast, sulindac administration together
with I/R showed decrease in the production of MDA levels,
MPO activity and number of apoptotic neurons in hippocampal
tissue. Where as, GSH levels of hippocampal tissue did not
show statistical difference between the control, I/R and sulindac
administrated groups. So, we hypothesized that Sulindac may
have neuroprotective effect via decreasing the oxidative stress
after I/R injury in the hippocampal tissue of rats.

Oxygenation following reperfusion in the I/R process
is responsible for the influx of free oxygen radicals and
secondary tissue damage'®. Free oxygen radicals play major role
in tissue injury developing after ischemia-reperfusion'’”. PMN
leukocytes (neutrophil etc.) and endothelial cells are the main
source of free oxygen radicals beside the inflammation process.
Microglia, macrophages and granulocytes are the inflammatory
cells which cause to inflammatory response of the brain to
injury, also, participating in the expansion of ischemic damage
following reperfusion'®. These inflammatory cells produce
some pro-inflammatory mediators such as adhesion molecules,
cytokines and chemokines.

The oxidative stress, which develops after ischemia-
reperfusion, causes imbalance between the ROS and antioxidants.
This beginning of the process is accused for the progression of

neural injury like its similar effects in various tissues'®. Numerous
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studies revealed that ROS are directly involved in oxidative
damage of cellular macromolecules such as proteins, lipids,
and nucleic acids in tissues®”!°. Neural structures especially
hippocampus are the most vulnerable organs which are affected by
ischemic-reperfusion injury®'. In our study, we used MDA, MPO
and GSH to demonstrate the level of I/R injury and the possible
protective effect of Sulindac on the oxidative stress.

MDA, which is both an indicator and effector of oxidative
stress, occurs from the breakdown of lipid peroxyl radicals and
also oxidizes protein molecules. The consensus on the literature
about the ischemia-reperfusion injury revealed that the prevention
of ischemic-reperfusion injury, especially for neural structures,
depends on a complex cycle of free oxygen radical formation,
neutrophil sequestration, lysosomal enzyme and complement
activation and endothelial cell damage®. These processes also
causes to the augmented levels of lipid peroxidation (LPO)
products in cellular membranes!!. MDA is a commonly used
parameter for the determination of LPO and oxidative damage
which forms as a product of LPO*. In our study, MDA levels
were significantly lower in sulindac administered I/R rats (group
IIT and IV) compared to I/R rats. This showed that I/R rats had
more LPO in the hippocampus, which caused oxidative damage.
The administration of Sulindac (group III and IV) decreased MDA
levels compared to group II. So, Sulindac may have a positive
effect on the structure of membrane phospholipids in I/R rats,
which decreases the levels of MDA in group III and IV.

It is well known that ischemic process causes to activation
and recruitment of neutrophils at the effected neural tissue.
Several studies showed the role of neutrophil at the I/R injury.
MPO activity, which is an essential enzyme for normal neutrophil
function is released as a response to various stimulations®. In our
study, we evaluated the I/R injury via the contribution of neutrophil
infiltration and also the level MPO activity. The study showed that
MPO activity were significantly lower in sulindac administered
I/R rats (group III and IV) compared to I/R rats (group II). So
that, the administration of sulindac (group III and IV) decreased
MDA levels compared to I/R group II. This results showed that
the presence of elevated MPO activity in the brain indicates
that I/R-induced injury involves the contribution of neutrophil
infiltration. Moreover, increased MPO activity due to I/R injury
was effectively reversed by Sulindac administiration.

The increase of oxidative damage after hippocampal
ischemia occurs via the oxidation of proteins, lipids and DNA by
peroxynitrite'®. In agreement with our observation, the GSH levels
decrease with cerebral I/R injury?. In addition to these, decreased

GSH level due to I/R injury (group II) was effectively reversed by
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Sulindac administiration (group III and IV).

In the present study, we have also observed the genetically
programmed cell death known as apoptosis in all pathological
specimens of right hippocampal tissues of 4 groups. However, the
number of apoptotic neurons was different in all groups.

When we looked at the pathological data of the study, we
observed that Sulindac was reducing the incidence of apoptosis in
the I/R neural tissue. In other words, the number of apoptotic cells
in the Sulindac groups (III and I'V) was significantly lower than the
number of apoptotic cells in the I/R group (I) (P<0.05) (Figure 1).

Conclusion

Sulindac ameliorates the oxidative stress and apoptotic
changes in rat hippocampal neural tissue following cerebral

ischemia/reperfusion injury.
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