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Abstract
Background and purpose: Natural agents have been used for protection

against damages. This study was conducted to evaluate the effects of dietary
supplementing of resveratrol on antioxidant status improvement in
hypercholestrolemic rats with Plasmodium berghei.

Methods: Rats were divided into 6 groups including rats fed with basal diet

(Control group), basal diet containing resveratrol 2.5 mg/kg (2.5 RES), basal
diet containing 5.0 mg/kg of resveratrol (5.0 RES), basal diet containing 1%
cholesterol + 0.5% cholic acid (Control HC), basal diet containing 2.5 mg/kg

of resveratrol and 1% cholesterol + 0.5% cholic acid (2.5 RES-HC), basal
diet containing resveratrol 5.0 mg/kg and 1% cholesterol + 0.5% cholic acid
(5.0 RES-HC). The plasma levels of total cholesterol (TC), triglyceride (TG),
high density lipoprotein (HDL), malondialdehyde (MDA), and low density
lipoprotein (LDL) and expression levels of glutathione peroxidase (GPx),
glutathione reductase (GR), paraoxonase-1 and sulfiredoxin-1 were
assessed.

Results: The plasma concentrations of cholesterol, triglycerides, LDL-C and

malondialdehyde were significantly higher and level of HDL was
significantly

lower

in

hypercholesterolemic

rats,

but

dietary

supplementation with resveratrol significantly improved them (P<0.05).
Hypercholesterolemic rats showed a decrease in GPx and GR and an
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increase in paraoxonase-1 and sulfiredoxin-1 compared to the healthy
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hypercholesterolemia on mentioned parameters (P<0.05).
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control (P<0.05), but applying resveratrol improved the adverse effects of

Conclusion: Resveratrol can be used for treatment of patients with

hypercholesterolemia.

Keywords: Antioxidant status, Blood parameters, Resveratrol, Wistar rats

ISSN: 2626-3041

VOLUME 2 | NUMBER 1 | OCTOBER 2018

http://gmedicine.de

Email: info@gmedicine.de

Publisher: GMJ Medical Press, LLC, Germany

GMJ Medicine Publication Office, GMJ Medical Press, LLC, Frankfurt, Germany

73

Yousefi et al.,

Introduction

H

ypercholesterolemia

is

known

as

a

lipoprotein metabolic disorder which is
associated with increased high serum low

density lipoprotein (LDL) and serum cholesterol [1].
Hypercholesterolemia is a challenging issue for
some societies and also health professionals that is
mainly

due

cardiovascular

to

close

diseases

correlation
and

between

lipid

profile

abnormalities [2]. Hypercholesterolemia usually
leads to the nonalcoholic fatty liver disease (NAFLD)
through accumulation of triglycerides and other fats
in liver that causes liver failure and hepatocellular
carcinoma [3, 4]. An important reason related to
NAFLD is increased oxidative stress that may disturb
desaturation activities [5, 6]. Oxidative stress is
reported to have a strong relation with a broad
range of pathologies such as inflammation, cancer,
neurologic disorders and metabolic diseases like
obesity and hypercholesterolemia [7, 8]. It has also
showed a close correlation with cumulative damage
resulting from reactive oxygen species (ROS) and
reactive nitrogen species (RNS) that are neutralized
via antioxidants pathways [9,10]. It has been
reported that free radicals may negatively influence
the cell’s survival against an oxidative damage to
macromolecules [11, 12]. Therefore, damages to
liver are supposed to be treated with antioxidant
enzymes [13]. Oxidative damage is significantly
increased with a decrease in the activity of
antioxidant enzymes that clean the free radicals

Sulfiredoxin-1 enzyme belongs to the family of
oxidoreductases

that

catalyzes

proteins and protects them from inactivation [18].
Glutamate-cysteine has a significant importance in
formation of glutathione that acts against a class of
oxidative stress associated with many complications
[19]. Today, natural agents have been used as
protection against oxidative damages. Natural
antioxidants are appropriate choices for mitigating
the adverse effects of hypercholesterolemia in terms
of

antioxidant

parameters.

Resveratrol,

the different plant species. Beneficial effects of
resveratrol on some disorders including type 2
diabetes,

cardiovascular

diseases,

Catalase

(CAT)

and

glutathione

peroxidase (GPx) convert H2O2 to water and
provide protection against ROS [16]. Paraoxonase
(PON1) is another antioxidant enzyme which is
related to high-density lipoproteins (HDL) and
detoxifies lipid peroxides. This enzyme is broadly
distributed in some tissues including liver [17].

cancer

and

neurological disorders have been reported [20]. It is
stated that resveratrol regulates energy consumption
in animals with high-fat diet. Resveratrol can
effectively reduce weight gain and intra-abdominal
fat and improve the lipid profile in obese mice [21].
It seems that resveratrol may probably improve
some biochemical and antioxidant parameters in
rats with hypercholesterolemia. This study was
therefore conducted to evaluate the beneficial effects
of dietary supplementing with resveratrol on
improving

the

antioxidant

status

in

hypercholesterolemic rats.

Animals

[15].

a

anti-inflammatory properties and can be found in

Superoxide dismutase (SOD) is one of the significant

stress

as

phytoestrogen, is known to have antioxidant and

Materials and methods

radical that inhibits liver toxicity due to oxidative

of

cysteine sulfinic acid into sulfenic acid in oxidized

which are involved in the oxidative stress [14].
enzymatic antioxidant pathways against superoxide

conversion

Ninety female Wistar rats (weighting 80–100 g and
five weeks of age), were purchased from the Pasture
Institute of Iran (Tehran, Iran). Animals were hosted
in laboratory conditions from 10 days prior to the
trial.

These

conditions

included

standard

temperature (22±1°C) and humidity (50-55%) and
12-hour light/dark cycles with free access to food
and water. They were given a prepared food from
Javaneh Khorasan Company in powder form
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Animals were divided into 6 different groups (n=15)

forward

and were treated for 6 weeks continuously.

reverse

Resveratrol was purchased from Sigma Aldrich

Paraoxonase-1,

Company and administered to rats in different doses.

TGAGAGCTTCTATGCCACAAATG-3′) and reverse

The control group was given the basal diet merely

(5′-CCATGACAGGCCCAAGTACA-3′); Sulfiredoxin-

whereas the positive control group (Control HC) had

1, forward (5′- AATCCCCAACCCCTGACTTT-3′) and

the hypercholestrol diet (basal diet plus 1%

reverse (5′- TGAACTGACCAGTGGAGACACAGT-3′).

cholesterol and 0.5% cholic acid). Two experimental

(5'-TGAGCCGCCTGAACAACA-3')

and

(5'-TTGCGTAGCCGTGGATGAC-3');
forward

(5′-

Statistical Analysis

groups (2.5 RES and 5 RES) received resveratrol with

Statistical differences among achieved values (mean

doses of 2.5 and 5 mg/kg separately in addition to

± SD) of all six groups were estimated through the

their basal diet. The other two test groups were

one way analysis of variance following by the

given the HC diet while treated with 2.5 and 5

Tukey-Kramer

mg/kg of resveratrol (2.5 RES-HC and 5 RES-HC).

multiple

comparison

test.

The

differences were considered significant if P<0.05.

Chemical Analysis

Results

At the end of the trial, rats were anaesthetized and

Biochemical parameters

blood samples were collected and centrifuged to

Our findings for biochemical parameters (Table 1)

prepare the serum plasma. Liver tissues were

showed

immediately extracted and kept in -80°C for future

that

the

cholesterol,

experiments. The plasma levels of total cholesterol

plasma

triglycerides,

concentrations
LDL-C

of
and

malondialdehyde were significantly higher and the

(TC), triglyceride (TG), high density lipoprotein

level

(HDL), malondialdehyde (MDA), and low density

of

HDL

was

significantly

lower

lipoprotein (LDL) were evaluated by available

(P<0.05). Dietary supplementation with resveratrol,

diagnostic kits (Pars Azmoon, Tehran, Iran). The

especially in higher level (5 mg/kg) could decrease

levels of glutathione peroxidase (GPx), glutathione

the levels of cholesterol, triglycerides, LDL-C and

reductase (GR), paraoxonase-1 and sulfiredoxin-1

malondialdehyde and increase the HDL-C level

were assessed as it was previously reported by Al-

(P<0.05). Dietary inclusion of resveratrol had no

Rejaie et al. [22]. The primers sequences were GPx,

significant effects on blood parameters in healthy

forward (5'- GGTGTTCCAGTGCGCAGAT-3') and

rats (P>0.05).

reverse (5'-AGGGCTTCTATATCGGGTTCGA-3'); GR,

Table 1- Effects of resveratrol on biochemical parameters in hypercholesterolemic rats
Groups

Total cholesterol

Triglyceride

(mg/dl)

(mg/dl)
d

66.21±2.32

5.0 RES
Control HC
2.5 RES-HC

64.32±3.21d

66.21±5.14d

5.0 RES-HC
P-values

65.14±1.75d
127.13±3.45a

HDL (mg/dl)

LDL (mg/dl)

a

d

Malondialdehyde
(mmol/g)

d

Control
2.5 RES

64.13±1.37

in

hypercholesterolemic rats (Control vs Control HC)

67.12±2.35d

29.13±0.32

28.56±0.35a

48.11±0.99

50.21±2.12d

27.13±2.21a

49.21±1.11d

108.21±3.24b

98.21±3.21a

88.15±3.51b

19.21±0.45d

91.23±1.32c
***

251.10±7.25d
252.31±6.75d
258.63±6.41d

21.21±0.24c

85.21±1.23a

76.21±2.21b

321.31±10.45a

81.21±0.98c

23.74±0.32b

66.51±2.21c

278.13±2.23c

***

***

***

***

Superscripts (a-d) show significant differences between groups.

302.15±7.24b
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Antioxidant status
Effects of resveratrol on antioxidant status in hypercholesterolemic rats are depicted in figure 1.
Hypercholesterolemic rats showed a decrease in GPx and GR and an increase in paraoxonase-1 and sulfiredoxin1 in comparison to healthy control (P<0.05), but administration of resveratrol into diet could reverse these
changes (P<0.05). There was no significant difference between treated and healthy rats in mentioned parameters
(P>0.05).

Figure 1- Effects of resveratrol on antioxidant status in hypercholesterolemic rats

Discussion
Obesity has been known as a risk factor for some
diseases including cardiovascular and liver diseases
[3, 4]. Hypercholesterolemic a suitable animal model
for human obesity syndrome is a rat with
hypercholesterolemia [23]. Our findings showed
that lipid profile was changed in rats with
hypercholestrolemia. Lipid profile changes have
been known as a contributory factor in oxidative
stress related to obesity that is caused by an increase
in the production of ROS as well as a decrease in
antioxidant

enzymes

[24].

ROSs

and

lipid

peroxidation products disturb the respiratory chain
in

hepatocytes

by

oxidative

damage

to

the

mitochondrial DNA. Previous studies have reported
a change in lipid profile of hypercholesterolemic
rats [25].

High cholesterol diet may cause

dyslipidemia syndrome and hyperlipidemia that is
characterized by increased triglycerides in addition
to decreased HDL-C [26]. Such results were also
observed in the current study. Our findings showed
that resveratrol could improve lipid profile. It has
been previously reported that resveratrol was
responsible for an improvement in serum lipids [27].
Resveratrol has also been reported to have
antioxidant effects by reducing H2O2 and lipid
peroxidation in the skin [28]. Previous studies have
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shown that treatment with resveratrol improves

high doses reverses these adverse effects. It can be

atherosclerosis through decreasing lipid drops in the

advisable to use resveratrol daily in obese patients.

intima of the aorta and also reducing vascular
oxidative stress [29]. Our findings showed that
hypercholesterolemia

had

elevated

lipid

peroxidation in hepatic tissue which is highlighted

Ethical Considerations

by increased plasma level of MDA. MDA increases

Compliance with ethical guidelines

the accumulation of H2O2 and finally promotes the

Approval for this study was obtained from

lipid peroxidation. Our observations suggested that
resveratrol reduces the level of MDA and improves
the lipid profile that is probably as a result of
decreased

MDA.

Antioxidant

system

plays

International Center for Intelligent Research Ethics
Committee (Tbilisi, Georgia).

a

significant role in the detoxification process in the
liver. GPx is a selenoenzyme that catalyzes the
reduction of hydrogen peroxide to H2O [30].
Down-regulation of GR provoke some responses
that increases oxidative stress. Our findings showed
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that hypercholesterolemia increases the production
of free radicals and also decreases the ability to
detoxify ROS which leads to hepatocellular damage
[31]. These findings show that resveratrol has
antioxidant activity. Paraoxonase-1 is an enzyme
with lactonase and esterase activities which is
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