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Abstract

Objectives: Resveratrol (RSV) is a natural polyphenolic compound showing significant antioxidant effects. In this
study, we aimed to investigate the effects of resveratrol on the sphingosine-1-phosphate (S1P) and oxidative stress
biomarkers in hearth ischemia-reperfusion (I/R). Materials and Methods: The biochemical and histopathological
effects of RSV on cardiac ischemia-reperfusion injury were investigated through ELISA- and light microscope.
Results: We observed statistically significant differences between the treatment group and the control group in
terms of malondialdehyde (MDA) level, catalase (CAT) and superoxide dismutase (SOD) activities (p<0.05). His-
topathologically, we also observed decreased Polymorphonuclear Leucocyte (PMNL) infiltration, myocardial ede-
ma, miyositolysis in the treatment group compared to the I/R and sham groups. Conclusion: Resveratrol may play
an important role in cardiac I/R injury through its anti-inflammatory and antioxidant effects which were biochem-
ically and histopathologically confirmed in the present study.
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Introduction

Cardiovascular diseases (CVD) are the major
cause of the highest mortality rates globally (1).
Among them, myocardial infarction, is the first
sign of ischemic heart disease in many cases,
which is defined as irreversible cardiac mus-
cle necrosis caused by prolonged ischemia. Al-
though the incidence of ischemic heart disease
has decreased significantly in the past 30 years,
it is still one of the main causes of mortality (2).
Ischemia is generally defined as oxygen defi-
ciency with insufficient perfusion in the tissue
or organ, leading to accumulation of toxic me-
tabolites and depletion of cellular energy stores
(3, 4). In this context, Superoxide radical (SOR)
mediated lipid peroxidation and related products
such as MDA, are the major cause of cell mem-
brane injury leading to cell death

It has been already shown that coronary endo-
thelial dysfunction associated with decreased
nitric oxide formation might lead to increased
oxidative stress and severe myocardial damage
both during and after the coronary atherosclero-
sis phases (5-8).

Despite our knowledge of the pathophysiology
of ischemia that we have accumulated during
recent decades, reperfusion strategies aiming
to restore the ischemic tissue are not devoid of
side effects damage (9). Furthermore, although
reperfusion strategies in the heart can alleviate
mortality rates to some degree, these approaches
are insufficient to prevent the myocardial dys-
function after ischemic injury (10).

Resveratrol (3,5,4’-trihydroxystilbene) is a poly-
phenolic natural antioxidant used for various
therapeutic purposes. A good example is a recent
study in French which showed that increased red
wine consumption was related to a decrease in
CVD (11). Further studies confirmed the bene-
ficial role of resveratrol in CVD, diabetes, obe-
sity, depression, and cancer, which have led to
its consideration as an effective anti-apoptotic,
anti-inflammatory, anti-oxidant, and anti-mi-

tochondrial agent (11, 12). Also, recent isch-
emia-reperfusion (I/R) studies showed that res-
veratrol also exerted significant neuro- and car-
dio-protective effects (13, 14). Numerous studies
show that resveratrol is capable of decreasing
the oxidative injury by capturing superoxide and
hydroxyl radicals. Resveratrol serves also as a
powerful in vivo antioxidant related to its abil-
ity to increase nitric oxide levels and decrease
the mitochondrial oxidative load (15-18). Since
the amount of free oxygen radicals in the cardiac
tissue increases significantly in the early reper-
fusion period, it is plausible to hypothesize that
resveratrol might exert significant protective ef-
fect against cardiac ischemia by its antioxidant
effect (6, 19-21). In this respect, several studies
have shown that the cardio-protective effects of
resveratrol are associated with increased catalase
glutathione and nrf-2 levels (22-25) which are
important mediators of inflammation (24-26).
Sphingosine-1-phosphate (S1P) is an important
sphingolipid metabolite involved in vascular
system cell growth, apoptosis, adhesion, migra-
tion, and immune system modulation (27, 28).
Furthermore, there is rapidly increasing evi-
dence suggesting that S1P leads to increased cell
survival (29, 30).

To the best of our knowledge, no previous study
evaluated the role of resveratrol on CAT, SOD,
MDA, and SIP in cardiac I/R injury. To fill this
gap in the literature, we aim to examine the ef-
fects of resveratrol on cardiac I/R injury.

Materials and Methods

Animals

For this study, female Wistar albino rats weigh-
ing from 180 to 230 g were used. Animals were
kept under optimum conditions (21+1°C, 40 to
70% humidity, 12/12 dark-light cycle) in the
Laboratory Animal Unit of Kahramanmaras Sut-
cu Imam University and provided with free ac-
cess to food and water. This study was approved
by the Local Ethics Committee of Kahraman-
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maras Sutcu Imam University (2020/06-01). Op-
erative procedure, anesthesia, and animal care
methods applied during the tests were suitable
with the principles set out in the Guide for the
Care and Use of Laboratory Animals issued by
the National Institute of Health.

Study Groups

Rats were randomly divided into 4 groups to
form study groups and were anesthetized with
ketamine (50mg/kg) by intramuscular injection.
Control group (n = 8): Nothing was adminis-
tered to the rats in this group.

Sham group (n = 8): This group began with
intraperitoneal administration of 1 mL saline
(0.9% NaCl) two days before the procedure,
with 10 min of ischemia and 10 min of reperfu-
sion performed. Following the reperfusion, 1 mL
of saline (single dose) was administered again.
Resveratrol treatment group (n = 8): This group
began with intraperitoneal administration of 1
mL saline (0.9% NaCl) two days before the pro-
cedure, with 10 min of ischemia and 10 min of
reperfusion performed. Following the reperfu-
sion, 1 mL of saline (single dose) was adminis-
tered again. One mililiter of Resveratrol (50 mg/
kg/day) was intraperitoneally administered two
days before the procedure and then surgery was
performed. The heart was subjected to 10 min-
utes of ischemia and 10 minutes of reperfusion
after the surgery. Following the reperfusion, 1
mL (single dose) of Resveratrol was adminis-
tered again.

Only ischemia-reperfusion group (n = 8): Fol-
lowing the intervention and surgery, the heart
was subjected to 10 minutes of ischemia and 10
minutes of reperfusion.

The rats were brought to the laboratory and
were individually weighed and anesthetized by
administering 50 mg/kg of ketamine hydrochlo-
ride (Ketalar vial, Eczacibasi Turkey) intraper-
itoneally to each of them. Tracheal intubation
was performed in rats under anesthesia (anesthe-
sia with Ketamine). The thorax of the rats was

opened by making a left thoracotomy between
the 4™ and 5™ thoracic levels, approximately 3
mm. By removing the pericardium and pressing
the abdomen, the heart was gently removed from
the thorax, and after passing a 6/0 silk thread-
ed atraumatic round needle close to the origin
of the left anterior descending coronary artery,
the heart was released back into the thorax. Both
ends of the silk thread were passed through a
short polyethylene pipe (inner diameter 1mm,
length 15mm). After a 15-minute stabilization
period, the thread placed around the coronary
artery was clamped with the help of a clip and
temporary regional ischemia was performed for
20 minutes. Reperfusion was performed by loos-
ening the threads and removing the tube.

At the end of the tests, animals were sacrificed
and cardiac tissues were removed. Cardiac tis-
sues were subjected to biochemical and histo-
pathological analysis.

Biochemical Analysis

The tissues were homogenized with three vol-
umes of ice-cold 1.15% KCI. Activities of an-
tioxidant enzymes, MDA and S1P levels were
measured in the supernatant obtained after cen-
trifugation at 14.000 rpm.

SOD activity in the tissue samples was measured
by the method described by Fridovich (31). This
method uses xanthine and xanthine oxidase to
produce superoxide radicals. The assay medium
consisted of 0.01 M of phosphate buffer, CAPS
(3-cyclohexilamino-1- propanesulfonicacid)
buffer solution with pH 10.2, substrate solution
and 80 pL of xanthine oxidase. SOD activity was
expressed as U/mg protein (31).

CAT activity was determined by measuring the
reduction in hydrogen peroxide concentration
at 230 nm by the method of Beutler. Assay me-
dium that consisted of 1 M of Tris HCI, 5 mM
of Na,EDTA buffer solution (pH 8.0), 10 mM of
H,0, and tissue sample in a final volume of 1.0
ml. CAT activity was expressed as U/mg protein
(32).
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The MDA level, which should be observed in
tissue samples, was measured with the Thiobar-
bituric Acid (TBA) test (Ohkawa method). The
reaction mixture consisted of 0.1 ml of sample,
0.2 ml of 8.1% sodium dodecyl sulphate (SDS),
1.5 ml of 20% acetic acid, and 1.5 ml of 0.8%
aqueous solution of TBA. The pH of the mix-
ture was regulated to 3.5. The volume was then
brought to 4.0 ml using distilled water. Then 5.0
ml of a mixture of n-butanol and pyridine (15:1,
v/v) was added and shaken. After the mixture
was centrifuged at 4000 rpm for 10 minutes, the
absorbance of the organic layer was obtained as
532 nm (33).

S1P levels in tissue samples were obtained us-
ing commercially available enzyme-linked im-
munosorbent assay (ELISA) kits (MyBioSource
Company, USA) according to the manufactur-
er’s protocol and repeating each measurement in
duplicate.

Histopathological Evaluation

Tissues were fixed in 10% neutral buffered form-
aldehyde solution for 24 hours for histopatho-
logical examination. All samples were regular-
ly followed up in the tissue tracker to prepare
paraffin blocks. Using these paraffin blocks, 5
um serial sections were prepared for each tis-
sue sample with a microtome and stained with
Hematoxylin-Eosin (H&E) stain. The study was
performed by one pathologist without knowing
which tissue sample was included and by ran-
dom selection from tissue samples. Preparations
were subjected to histopathological examination
using a light microscope. Groups include myo-
cardial edema, myositolysis, focal hemorrhage
and PMNL infiltration. Pathological scoring;
0-no, 1-mild, 2-moderate, and 3-severe.

Statistical analysis

Jamovi (ver 1.6.23.0) was used for statistical
analysis. One-Way Anova test was performed on
data with normal distribution, and Kruskal-Wal-
lis test on data with non-normal distribution.

Welch’s One-Way Anova test was used for the
groups with p < .05 in the group to be made
One-way Anowa, and the Games-Howell Post-
Hoc Test was used for the comparison between
the paired groups. Fisher’s One-Way Anova test
was used for homogeneity p > .05 and Tukey
Post-Hoc Test was used for comparison between
paired groups.

Results

Biochemical results

The results of Shapiro-Wilk normality test,
the distribution of the SIP data of the sham
group was found to be non-normal. Other data
were normally distributed. Since the result of
SOD biochemical in Levene’s test was p > .05,
Tukey test was used for SOD biochemical and
Games-Howell test was used for MDA and CAT
biochemicals in post-hoc comparison between
groups. For non-normally distributed S1P bio-
chemical, the groups were compared with the
Dwass-Steel-Critchlow-Fligner Pairwise Com-
parisons test.

According to One-Way Anova test, MDA activi-
ty (Table 1; F=23.5,df2=13.9, p <.001), CAT
activity (Table 1; F =20.2, df2 =12.8, p <.001),

Table 1. One-Way Anova and Kruskal-Wallis test
results

One-Way Anova
F dft df2 P

MDA
(nmol/mg Welch’s 235 3 139 <.001
protein)
CAT
(U/mg Welch’s 202 3 12.8 <.001
protein)
SOD
(U/mg Fisher’s 13.5 3 28 <.001
protein)

Kruskal-Wallis

1 df g’ p
S1P

(ng/L) 222 3 0.717 <.001
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and SOD activity (Table 1; F = 13.5, df2 = 28,
p < .001) scores were significantly decreased
while S1P activity (Table 1; Chi square =22.2, p
<.001, df =3, e2=.717) levels were significantly
increased (Kruskal-Wallis test).

The MDA activity was higher in the sham group,
resveratrol, and I/R compared to the control
group (p<.001), while the MDA activity was
higher in the I/R group than the resveratrol treat-
ment groups (p<.001) (Fig. 1, Table 2).

The CAT activity was higher in the sham and
control groups, compared with the control and
I/R group, respectively (p<.001), while the CAT
activity was higher in the sham and resveratrol
treatment group than the I/R groups (p<.001).
(Fig. 2, Table 2).

The SOD activity was higher in the sham and
control groups than the control and I/R group,
respectively (p<.001) while SOD activity lev-
els was higher in the sham groups than resvera-
trol treatment and I/R groups (p<.001). We also
found that SOD activity was higher in resvera-
trol treatment group than I/R groups (p<.001)
(Fig. 3, Table 2).

The S1P activity was higher in the sham and I/R

nmol/mg
8 1 '|'
6

I .

I Group

Ccontrol
41 T Sham
1 Treatment
P VR
MDA

Fig. 1. MDA (nmol/mg protein) levels of the study
groups

group compared with the control and (p<.001),
while S1P activity was higher in the I/R group
compared with the control and resveratrol treat-
ment groups (p<.001) (Fig. 4, Table 2).

Histopathologic results

Myocardial edema, myositolysis, and polymor-
phonuclear leukocytes (PMNL) infiltration were
shown in the I/R and sham groups. A statistically
significant difference was found only in PMNL
infiltration among groups (p < .05). When the
RVS treatment group was compared with the I/R
and sham groups for myocardial edema, myo-
cytolysis, hemorrhage, and PMNL infiltration,
statistically significant differences were found in
terms of myocardial edema (p = .287), myocy-
tolysis (p = .470), and PMNL infiltration (p =
.031), except hemorrhage (p = .566). The histo-
pathological results of groups are shown in Table
3 and Fig. 5.

Discussion

In our present study we have shown that resver-
atrol treatment decreased PMNL count and ox-
idative injury markers-in the I/R group. It was
rather interesting that MDA levels, MDA being
a strong oxidant molecule, were significantly
lower in the treatment group compared with the
sham and I/R groups. This is also consistent with
previous rat cardiac I/R studies which revealed
significantly increased MDA levels (34). In line
with this, several trauma models for ischemia
in different organs (35-37) have suggested that
resveratrol not only decreased the MDA levels,
but also improved the functional outcomes (14).
We also observed that resveratrol significant-
ly reversed the decreased S1P levels in the I/R
group. This is in line with the synergistic role of
S1P with the HDL molecule which is a strong
anti-atherosclerotic and anti-oxidant molecule
which reduces myocardial injury (16, 38). As
such, several studies have shown that S1P ex-
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Table 2. Post-Hoc test of groups

Biochemical and test type Variable Mean difference t-value df  p-value
Control-Sham -2.84 -5.77 8.95 0.001
Control-Treatment -1.26 -3.15 10.1 0.043
MDA (Games-Howell Post-Hoc Test) ~ Control-I/R -4.92 -6.88 7.87 <0.001
(nmol/mg protein) Sham-Treatment 1.58 2.7 13.2 0.075
Sham-I/R -2.08 -2.5 12.16 0.11
Treatment -I/R -3.66 -4.68 10.52  0.004
Control-Sham -0.17 -5.05 7.3 0.006
Control-Treatment -0.0297 -1.98 8.66 0.264
CAT (Games-Howell Post-Hoc Test) Control-I/R 0.0247 4.66 9.25 0.005
(U/mg protein) Sham-Treatment 0.1406 3.88 9.44 0.015
Sham-I/R 0.195 5.83 7.05 0.003
Treatment -I/R 0.0544 3.81 7.28 0.025
Control-Sham -1.69 -2.84 28 0.039
Control-Treatment 0.0775 0.13 28 0.999
SOD (Tukey Post-Hoc Test) (U/mg Control-I/R 2.09 3.51 28 0.008
protein) Sham-Treatment 1.7713 2.974 28 0.029
Sham-I/R 3.79 6.36 28 <0.001
Treatment -I/R 2.01 3.38 28 0.011
\\4 p-value
Control-Sham -4.31 0.012
S1P (Dwass-Steel-Critchlow-Fligner Control-Treatment -2.52 0.28
Pairwise Comparisons) (ng/L) Control-I/R 475 0.004
Sham-Treatment 3.56 0.057
Sham-I/R -2.82 0.19
Treatment -I/R -4.75 0.004
U/mg U/mg
0.20 4 { ¢ }
Group N
0.15 4 Control T T b
Sham 41 1 1 gﬁ’%o'
Jgeatmem Treatment
0.10 VR
] 2 }.
0.05 4 l
0.00 4 [ 0 -
CAT SOD
Fig. 2. CAT (U/mg protein) levels of the study Fig. 3. SOD (U/mg protein) levels of the study

groups groups
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Fig. 4. S1P (ng/L) levels of the study groups

erted significant cardio-protective effects (16),
suggesting again that our increased levels of in
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Table 3°. Histopathological grade of the groups
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Control - - - -
I/R 1 1 1 3
Sham 1 1 1 1
Treatment 0 0 1 0

S1P might be associated with decreased inflam-
mation and oxidative injury related to the protec-
tive effects of resveratrol.

In our study we have chosen female rats. Al-
though this could appear as an inconsistency,
subjects in the referenced studies were only male
mice, and it is still unclear whether their positive

. S it B
Fig. 5. The histopathological results on the effect of Resveratrol in experimental heart ischemia A: Control
group: Normal heart muscle. B: Treatment group (Myocardial Hemorrhage, Inflammation decreased). C:
Sham group (Myocardial Edema, Degeneration in muscle bundles). D: I/ R group (Polymorphonuclear
Leukocyte (PMNL) Infiltration)
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results would have applied to female mice. Fur-
thermore, we think that having a model that is
reproducible in the same gender is not enough to
investigate modifications to disease pathophysi-
ology and an effective multifaceted approach re-
quires a model that must also have the capacity
to allow the detection of the effects of potential
treatments or procedures in different genders.
Also, the Food and Drug Administration de-
clared that there is a requirement for the use of
females in human clinical studies, which should
be related to increased inclusion of female ani-
mals in studies.

As a conclusion, beyond suggesting that dietary
plant polyphenols have a regulatory effect on the
expression of enzymes involved in the antioxi-
dant defense mechanisms of the cell, our present
data provide strong preclinical evidence for the
antioxidants used in the treatment of oxidative
stress in cardiovascular diseases in female rats.
Further studies evaluating the detailed oxidative
and anti-oxidative stress signaling cascades may
shed light on new therapeutic approaches.
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