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Abstract
Background: The use of herbal supplements and exercise to treat chronic diseases and metabolic disorders is a common practice.
Objectives: This study aimed to investigate the effect of eight weeks of grape seed nanoparticle extract and resistance training on
SOD, MDA, and NRF-1 expression in the myocardial infarction rat model.
Methods: In this experimental trial, 25 Wistar rats were randomly divided into five groups: (1) control, (2) MI, (3) RT + MI, (4) GS +
MI, and (5) RT + MI + GS. Resistance training was performed for eight weeks and five sessions per week. Also, 150 mg of grape seed
extract was gavage daily. One-way analysis of variance and the Tukey test was used to compare groups at the P ≤ 0.05.
Results: Resistance training with grape seed significantly increased NRF-1 gene expression (P = 0.001) and SOD (P = 0.01) compared
to MI grope. While resistance training with grape seed significantly reduced MDA compared to the MI group (P = 0.01).
Conclusions: It seems that resistance training with grape seed consumption has a more positive effect on increasing NRF-1 gene
expression and improving the antioxidant system in the heart tissues of rats with myocardial infarction rather than using each
alone.
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1. Background
Myocardial infarction (MI) is pathologically defined as
myocardial cell death due to prolonged ischemia, which is
the most severe manifestation of coronary artery disease
(CAD). Moreover, it causes over seven million deaths globally every year. Increased oxidative stress due to ischemia
and myocardial hypoxia causes the death of large numbers
of heart cells, cardiac fibrosis, and heart failure (1).
Mitochondria are important as cellular power plants
for providing the energy needed by eukaryotic cells. However, mitochondrial function is not limited to cell energy
supply but includes calcium storage, apoptosis, and intracellular signaling. NRFs, particularly NRF-1, are strong
stimuli for the expression of nuclear genes needed for
mitochondrial respiration. NRF-1 can directly regulate
the expression of several nuclear genes that are necessary
for the expression, assembly, and function of the respiratory chain, whereas indirectly regulate cytochrome C oxidase genes by activating TFAM. Therefore, a broader con-

cept is considered for NRF-1 to organize mitochondrial biogenesis events (2). Biogenesis, mitochondrial function,
and the maintenance of structural integrity are essential
for cells, as mitochondrial dysfunction can impair energy
metabolism, intensify ROS synthesis, and trigger apoptotic
cell death mechanisms (3).
Under these conditions, when there is no balance between the production of free radicals and antioxidant defenses in the body, it can lead to oxidative stress, which
plays a prominent role in the pathogenesis of various diseases. On the other hand, oxidative stress due to increased
free radicals, deficiency of antioxidant enzymes, and inflammation are important risk factors for cardiovascular
diseases (4). Malondialdehyde is a reactive dialdehyde
made by the peroxidation of unsaturated fatty acids in the
human body. The rate of lipid peroxidation is obtained by
measuring MDA levels in various biological samples to be
utilized as an indicator of oxidative stress. MDA affects the
function of molecules and other cells and produces carcinogenic, mutagenic, and atherogenic effects by reacting
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with purines (5).
Also, the superoxide dismutase system is a major antioxidant mechanism that catalyzes the conversion of superoxide anions to hydrogen peroxide. Experimental studies have shown that increased oxidative stress and decreasing antioxidant status affect heart structure and function
(6). In this regard, Short et al. (7) showed that 16 weeks
of aerobic exercise significantly increased NRF-1 and PGC-1α
expression.
Grape seed proanthocyanins are a new generation antioxidant that removes excess ROS produced in the disease process and acts as a signaling molecule. Recent research has shown that grape seed proanthocyanins improve myocardial ischemic reperfusion injury by reducing
ROS in the myocardium (8, 9). Pataki et al. (10) showed
that grape seed proanthocyanins had cardioprotective effects against reperfusion injury by reducing or removing
direct or indirect free radicals in the myocardium after ischemia. Despite reports on the benefits of grape seed on
MI, our understanding of the mechanisms to explain how
grape seed improves mitochondrial biogenesis and antioxidant capacity is to be elucidated. Furthermore, the combined effect of resistance training and grape seed on proteins involved in antioxidant system function and NRF-1 expression in cardiomyocytes is not investigated as yet.
2. Objectives
Owing to the increasing prevalence of MI and the need
for effective treatment methods to decrease the complications of MI and heart damage in the patients, conducting
basic experimental studies in this field may shed light on
nutrition and sport. Therefore, this study aimed to investigate the effect of eight weeks of grape seed nanoparticle
extract and resistance training on SOD, MDA, and NRF-1 expression in the myocardial infarction rat model.
3. Methods
3.1. Animals
In this experimental study, twenty-five Wistar rats were
purchased from the Pasteur Institute of Iran and kept in
the laboratory for one week for adaptation. The present
study maintained the animals in standard conditions, including free access to water and food, 55% relative humidity, a 12-hour dark-light cycle, and 22 ± 3°C. Also, all procedures performed on human participants should be in
accordance with the ethical standards of the institutional
and/or national research committee and with the 1964
Helsinki Declaration. The present study was approved by
the Islamic Azad University of Isfahan (Khorasgan) Branch,
Iran (code: IR.IAU.KHUISF.REC.1400.289).
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3.2. Modeling Method and Induction of Myocardial Infarction
Isoproterenol was subcutaneously injected at 85
mg/kg as a normal saline solution (1 mg/mL) for two
consecutive days with 24 hours of intervals. This method
developed ischemia in mice 24 hours after the second
injection (11). One day after injection, four animals lost
their lives and were replaced immediately. Thus, the
induction of myocardial infarction was directed based on
the standard protocols. Finally, 25 rats were included in
the study. These 25 rats with myocardial infarction were
randomly assigned to five groups, including (1) control,
(2) MI, (3) MI + training, (4) MI + supplement, and (5) MI +
training + supplement.
3.3. Preparation of Nanoparticles of Grape Seed
The active ingredient of grape seed extract was purchased, purified from Sigma Company, and dissolved
in DMSO. Based on our data, DLS results indicated that
nanoparticle sizes vary from 200 to 720 nm and the most
significant number of nanoparticles generated is a mean
intensity of 394.26 nm. After preparation of the supplement in the form of nano, 150 mg daily was gavaged to the
supplement groups (12).
3.4. Exercise Training
Each test included 85-degree ladder ascent using 50 to
130 percent g/body weight (BM), with 20% weight gain per
ascent. Also, 1 RM was used to schedule the exercises. The
training program was started with a starting climb weight
of 50 percent 1RM, incremental weight increase of five percent per ascent, 8 - 10 ascent per session, with two min rest
between ascent (13) (Figure 1).
3.5. Molecular Analysis of Myocardial Tissue by Real Time PCR
Here, 200 µL Qiazol was added to the samples and incubated for 24 hours at -80°C. The plaque inside the cryotube grinned in semi-freezing state, and 100 µL chloroform was added to the samples for one minute to slip the
samples. Then, cDNA was synthesized according to the
manufacturer’s protocol (Fermentas, USA) after exploitation of high purity and concentration RNA from all samples, and then the synthesized cDNA was utilized for reverse transcription reaction. The expression level of NRF-1
gene in heart tissue was measured by real time-PCR. NRF-1
expression of cardiac tissue was performed by real quantitative time-PCR (Table 1). Moreover, gene expression was
assessed according to the 2-∆∆CT method, and the reference gene expression level was considered glyceraldehyde3-phosphate dehydrogenase (GAPDH). Moreover, MDA was
measured by Ochiyama method with a spectrophotometer. MDA produces a color complex with thiobarbituric
Gene Cell Tissue. In Press(In Press):e123703.
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Figure 1. Experiment flow chart

acid that absorbs light at a wavelength of 532 nm. Tetramotoxy propane was used as the standard material. Furthermore, SOD activity was measured by inhibition of nitroblue tetrazolium reduction by xanthine-xanthine oxidase
system as superoxidase-producing superoxidase. Optical
absorption of each sample was read at 550 nm for five minutes every 30 seconds.
3.6. Statistical Analysis
Mean and standard deviation (SD) were used for descriptive data. Shapiro-Wilkes test was used for data normality. For comparison between groups, one-way ANOVA
(analysis of variance) and pairwise comparison of Tukey’s
test was used. The data were collected and analyzed with
SPSS version 22 at P ≤ 0.05.
4. Results
The results of the analysis of variance indicated that
eight weeks of RT with GS nanoparticle use had a significant effect on rising NRF-1 gene expression and SOD. Also, it
had a significant effect on decreasing MDA in myocardial
infarction rat model.
The results of Tukey’s test indicated that NRF-1 mRNA
expression in the myocardial infraction group was significantly reduced compared to the control group (P = 0.001).
While other myocardial infraction groups with RT and GS
did not show significant changes in comparison to the MI
group (P > 0.05). Compared to the MI group, only the MI +
RT + GS group showed a significant rise in NRF-1 (P = 0.001)
(Figure 2).
The results of Tukey’s test showed that SOD in the myocardial infraction group was significantly reduced compared to the control group (P = 0.001). While other myocarGene Cell Tissue. In Press(In Press):e123703.

dial infraction groups with RT and GS did not show significant changes in comparison to the MI group (P > 0.05).
Compared to the MI group, only the MI + RT + GS group
showed a significant rise in SOD (P = 0.01) (Figure 3).
The results of Tukey’s test indicated that MDA in the
MI group significantly increased compared to the control
group (P = 0.001). While other MI groups with RT and GS
did not indicate significant changes in comparison to the
MI group (P > 0.05). Compared to the MI group, only the
MI + RT + GS group showed a significant decrease in MDA
(P = 0.01) (Figure 4).
5. Discussion
The results of the present research indicated that the
expression level of NRF1 was downregulated compared to
the control groups immediately after the MI. We found a
marked elevation in NRF-1 expression in MI + training +
grape seed group compared with MI. Myocardial infarction
can interfere with protein synthesis in mitochondrial biogenesis or other related processes (14). Low regulation of
NRF1 protein is also included in the inefficient synthesis
of complex mitochondrial respiratory subunits, leading to
decreased mitochondrial respiratory function. Thus, by reducing PGC-1 and downstream transcription agents, NRF
proteins help to a lack of myocardial oxidative capacity and
energy generation (15).
The findings of the present study are consistent with
a previous study that indicated a significant reduction in
NRF-1 expression in the muscles of heart patients. Therefore, due to mitochondrial dysfunction and decreased
regulation of NRF-1 expression, increasing biogenesis and
restoration of mitochondrial function may help heart patients improve their metabolic status. Robinson et al.
3
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Table 1. The Primer Sequences of Genes
Gene Name

Oligo Sequence

NRF-1
F

TGGCTGAAGCCACCTTACAA

R

ATGAACTCCATCTGGGCCATT

Normalized gene expression

GAPDH
F

GTGCTACAGAGGGGTGGAGGG

R

GCTTGAGAGGGAGAGGGTTAGG

Lengths (bp)

Tm (°C)

ACCESSION No.

98

61

NM_001100708.1

121

60

NM_017008.4

NRF-1

0.003

###

0.0025
0.002
0.0015
0.001
0.0005
0
Control

MI

Resistance
training + MI

Grape seed + MI

Resistance
training + grape
seed + MI

Figure 2. NRF-1 expression in five research groups (***Significant decrease compared to the control group P ≤ 0.001; ###Significant increase compared to the MI group P ≤
0.001).

showed that 12 weeks of resistance training increased mitochondrial protein levels through proteomics (16). Also,
Barbosa et al. showed that 12 weeks of resistance training
increased the expression of PGC1-α, NRF-1, TFAM, p-AMPK,
and p-CREB genes, which are involved in skeletal muscle
mitochondrial biogenesis and oxidative metabolism (17).
The results of the present research are consistent with the
results of the heroic Gahramani and Karbalaeifar showed
that eight weeks of HIIT rise mitochondrial biogenesis in
slow muscle of MI rats with an effect on NRF-1, NRF-2, and
Tfam genes (18).
Mitochondrial biogenesis needs the coordinated regulation of transcription of nuclear and mitochondrial
genes. PGC-1α is the main regulator of mitochondrial biogenesis. PGC-1α activates NRF1 and increases nuclear transcription of mitochondrial genes. Despite the important
role of PGC-1α, NRF1, and TFAM in mitochondrial biogenesis, an acute increase in NRF1 protein levels was observed.
Wright et al. also showed that the expression of mitochondrial biogenesis proteins (NRF-1, cytochrome C, NRF-2,
and cytochrome oxidase type 4 promoters) increased ear4

lier than the increase in PGC1α, possibly inducing earlystage PGC1α activation. Increasing acceptance/adaptation
to exercise in muscle mitochondria and subsequent rise in
PGC1α improves proteins in rising mitochondrial biogenesis (19).
Ogborn et al. examined the adaption of PGC-1α, NRF1,
and TFAM mRNA following RT. The results indicated no
significant change in NRF1 mRNA and no initial increase
in PGC-1α and Tfam (20). Nikoozadeh et al. indicated
that training and curcumin supplementation alone and
in combination with each other could increase the gene
expression of some factors that stimulate mitochondrial
biogenesis in cardiomyocytes of male rats with myocardial
infarction (21). Elevated NRF-1 indicates that exercise can
improve energy metabolism by increasing mitochondrial
biogenesis regulators and myocardial infarction caused by
myocardial infarction. In this regard, various factors such
as exercise and phytochemicals affect the expression of
many genes. Therefore, resistance training can improve
energy metabolism by increasing mitochondrial PGC-1α
and NRF-1 and improve myocardial injury due to myocarGene Cell Tissue. In Press(In Press):e123703.
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Figure 3. SOD levels in five research groups (***Significant decrease compared to the control group P ≤ 0.001; ##Significant increase compared to the MI group P ≤ 0.001).
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Figure 4. MDA levels in five research groups (***Significant increase compared to the control group P ≤ 0.001; ##Significant decrease compared to the MI group P ≤ 0.001).

dial infarction. Also, resistance training as a strong stimulant probably dilates blood vessels and increases myocardial blood flow and calcium, thus activating matrix dehydrogenases. Resistance training activates PGC-1α, thereby
binding to the transcription factor and regulating the expression of mitochondrial genes located in the nucleus, as
well as activating NRF-1,2 and Tfam (19).

Gene Cell Tissue. In Press(In Press):e123703.

Other results of the present study showed that MDA
levels were upregulated compared to the control groups
immediately after the MI. Also, SOD levels were downregulated compared to the control groups immediately after
the MI. Indeed, MI increases the production of free radicals
during mitochondrial electron transfer chain dysfunction.
Electron transfer chain dysfunction can overproduce ROS
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over antioxidant function. It can be concluded that exercise increases mitochondrial function in the skeletal and
heart muscles, resulting in rose SOD and reduced the generation of free radicals and oxidative stress, which all contribute to decreased risk of heart disease (22). The results
of the present research are in line with the results of Tayebi
et al. (23) the results of this study indicated that resistance
training can increase GSH and TAC and thus reduce MDA,
and this is independent of the intensity of training.

5.1. Conclusions

Bagheri et al. showed that exercise reduces heart damage in myocardial infarction, and this reduction occurs
independent of changes in oxidative and antioxidant factors (24). Ristic et al. indicated that moderate-intensity
physical training of sufficient duration alone or in combination with PDE-1 inhibitors leads to beneficial adaptations, manifested as decreased oxidative stress and an improved antioxidant defense system (25). Resistance training increases complex IV activity and mitochondrial creatine kinase content without altering total mitochondrial
mass (23). Mitochondrial creatine kinase is an important
component of the phosphocreatine shuttle. Free creatine
re-phosphorylation is known as an aerobic system, and the
rate of re-phosphorylation reflects the function of the electron transfer chain. Therefore, this may lead to a decrease
in oxidative pressure and an increase in electron transfer
current, resulting in less oxidation of glutathione. In another study, resistance training increased the activity of antioxidant enzymes and decreased the production of reactive oxygen species. However, in one study, resistance training had no effect on the activity of antioxidant enzymes
(26).

The present study is part of a doctoral dissertation approved in 2022, which was implemented with the approval
of Department of Physical Education and Sport Sciences, Isfahan (Khorasgan) Branch, Islamic Azad University.

The polyphenols in grape seed extract include
flavonoids, gallic and dimeric, monomeric, and polymeric proanthocyanidins. Proanthocyanidin dimer in GS
is the most effective antioxidant (9). Studies have shown
that grape seed extract has an important role in eliminating free radicals and inhibiting oxidative stress, and
in myocardial infarction and tissue regeneration, has an
inhibitory role against oxidative stress. Moradi et al. (27)
showed that eight weeks of aerobic exercise alone or in
combination with grape seed extract and consumption
of grape seed extract alone reduced cardiovascular risk
factors in young men. The ability of procyanidin has been
confirmed by increasing the expression of NRF-1 and SOD.
Lack of control over calorie intake and calorie intake in rat
during the study period and the use of various measurement methods such as Western blotting was one of the
limitations of the present research. It is suggested that
future studies use apoptotic markers and Tunnel method
to identify structural damage to heart tissue.
6

The results of the present research generally indicate
that grape seed nanoparticle, along with exercise training,
especially resistance training is effective in controlling the
damage to the heart muscle by positively regulating NRF-1
and increasing antioxidant capacity in the heart tissue.
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