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Introduction 

Cardiovascular diseases, especially coronary artery problems, are the main 
causes of death (1). With increasing urbanization in the developing world, the 

prevalence of cardiovascular risk factors is observed worldwide and will 

probably become the most common cause of death worldwide by 2020 (2). 
Decreased elasticity of large arteries and impaired vascular endothelium are two 

important factors affecting vascular function that occur with age. Endothelial 

dysfunction seems to be an important factor in the development of 
atherosclerosis, hypertension, and disorders (3). Some research has shown that 

nitric oxide (NO) levels decrease with age. In their study, Topraki et al. showed 

that the greatest reduction in NO was observed between the ages of 46 and 60 
years (4). Recently, NO has been considered an important intermediate in a 

variety of physiological functions such as nerve conduction, blood pressure 

regulation, vasodilator, and immune and defense activity. It plays a functional 
role in all stages of inflammation, and muscles regulate Ca2 dynamics under the 

influence of NO concentration (5). This gas also relaxes the arteries and airways 

in the respiratory system, and angiogenesis, apoptosis, cell cycle, invasion, and 
metastasis are also affected by NO secretion and concentration. It acts as a 

messenger molecule and exerts its effects through the production of cyclic 

guanosine monophosphate cGMP. In the body, NO is produced by the enzyme 
NO synthase from the amino acid al-arginine. In cardiac patients, the reduction 

of NOX2 prevents oxidative stress and progression of heart disease (6). On the 

other hand, physical exercises can reduce the risk of coronary artery disease by 
increasing the maximum oxygen consumption and favorable hemostatic effects. 

The antithrombotic effects of physical exercise include increased plasma volume, 

decreased viscosity, decreased platelet adhesion, and increased thrombolytic 
ability. Intense physical exercise increases fibrinolytic activity by increasing the 

endothelial synthesis of tissue-activating factor plasminogen-1 (7). Exercise 

increases mechanical blood flow and causes mechanical stimulation in the 
arteries, and if the endothelium is healthy, it leads to increased production and 

release of NO (3). The beneficial effects of endurance exercise in the prevention 

and reduction of cardiovascular disease have been shown in many studies. In 
some studies, exercise has shown significant improvements in cardiovascular 

function and quality of life in patients with heart failure (8). Moderate to long-

term physical exercise may improve vascular endothelial function, reduce 
environmental resistance, and alter autonomic function, all of which may 

improve functional capacity (9). Numerous studies have shown that aerobic 

exercise reduces arterial stiffness in healthy individuals of all ages, aerobic 
competition champions, and coronary artery disease patients (10). Therefore, 

many researchers have concluded that the implementation of exercise programs 

by patients improves the performance of physical and mental fitness, reduces the 

risk of heart attack, reduces heart rate and systolic blood pressure, and increases 

the amount of oxygen consumption of resting heart muscle. . Increase in capacity 

of aerobic activity related to reduces anxiety and depression and increases in 

optimism. In addition, researchers and cardiovascular specialists consider regular 
exercise to be beneficial and safe for most patients after myocardial ischemia 

(11). Despite being new in Iran, cardiac rehabilitation has found special 

importance and place in the treatment of patients with coronary heart disease. 
These exercises increase the efficiency of oxygen extraction and skeletal muscle 

metabolism, reduce heart function, and increase coronary blood flow. In addition, 

epidemiological studies have shown that regular exercise can reduce 
cardiovascular mortality in people with a history of heart disease due to its 

physiological effects. Exercise has a beneficial effect on cardiovascular 

adaptation, which can vary depending on the type, intensity, and duration of 
exercise (12). People with higher levels of physical activity are less likely to die 

from coronary artery disease (12,13). Exercise seems to be not only a tool to 

maintain a healthy lifestyle but also a safe prescription for prevention (14). The 
aim of the research in this direction is to evaluate the expression of NO synthase 

(NOS) and nicotinamide adenine dinucleotide oxidase (NOX2) genes in patients 

with coronary artery occlusion following aerobic exercise and omega-3 intake. 
 

Methods 

The design of the present study was quasi-experimental, with a pre-test and post-
test. The statistical population in this study was all men with cardiovascular 

diseases in the age range of 55 to 65 years visiting Rouhani and Shahid Beheshti 

hospitals in Babol, Iran (in the second half of 1398) without a history of regular 
exercise and without a history of omega-3 consumption (They had not taken 

omega-3 supplements for at least the past 6 months) who were selected by 

responding to a call. From all interested patients, 32 were selected as the sample. 
These people participated in this study after medical examinations, completing a 

questionnaire, and providing consent. These individuals were randomly divided 

into 4 groups: control, omega-3, exercise, and omega-3 + exercise. This study 
was approved by the Ethics Committee at the Islamic Azad University, Babol 

Branch (reference number: IR.IAU.ABOL.REC.1398.092). 

The training program consisted of 8 weeks of intermittent running training, 
3 sessions per week, with an intensity of 55 to 65% of the subjects' heart rate 

reserve (HRR) and with an emphasis on gradual overload. The training protocol 

was to run indoors. In these exercises, the beginning of each exercise session 
began with 10 minutes of general warm-up, including stretching, light and 

dynamic movements of the whole body, and, at the end, 10 minutes of cooling. 

The main workout that was set to reach intensity was monitored using a polar 
clock to show heart rate (15).  

"The participants took a daily dose of 1000 mg capsules each morning 

(containing EPA 180 and DHA 120) from the Viva Omega-3 fish oil brand 

manufactured in Canada (16,17). It is better to take an omega-3 supplement with 

a meal because it is a kind of oil supplement and is better absorbed with food. 
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Blood samples were collected from the subjects 24 hours before and 48 hours 

after the last training session after a night of fasting, and the serum was separated 

by centrifugation.  
To extract RNA, about 100 μL of the Buffy Coat was placed in a microtubule 

free of RNase enzyme, and 1 cc of TRIzol solution was added. The microtubes 

were centrifuged at 2-8 °C for 15 minutes at 12000 g (18,19). Finally, the 
precipitate was dissolved in DEPC-treated water and stored in a freezer at -70 ° 

C. Except for the first stage, which was performed under a conventional hood 

due to TRIzol toxicity, all the steps were performed under a laminar hood. The 
extracted RNA was quantitatively analyzed by spectrophotometry and 

electrophoresis on agarose gel. The cDNA was fabricated based on the Fermentas 

kit (20). The primers were designed using Gene Runner version 6.0 and 
Oligoanalyzer version 1.0 software for oligonucleotides, enabling the analysis 

and design of DNA oligos to understand their properties and behavior. After 

designing, their specificity was verified using BLAST software on the NCBI 
(National Center for Biotechnology Information) online platform to ensure 

complete specificity and uniqueness to the desired genes. Table 1 shows the 2 

designed primers. 

 
After reverse transcription reaction, real-time polymerase chain reaction 

(PCR) was performed using the SYBR Green method to amplify the desired 

fragment and quantitatively evaluate the expression of genes on the cDNA (21). 

The LinRegPCR software version 1.0 was used to determine the efficiency of 
primers. In this software, a group is determined for the samples working with a 

pair of primers, and for each group (each pair of primers), an efficiency is 

obtained. After examining all real-time PCRs, the efficiencies obtained from all 
of them were averaged, and final efficiencies were determined. After performing 

the real-time PCR and collecting raw data, they were reviewed and analyzed. 

Statistical data analysis 

Descriptive statistics was used to describe the data. Within-group and between-

group changes from the pre-test to the post-test were examined by 2-way analysis 

of variance with repeated measures and, then, Tukey's test. The significance level 
in all cases was α<0.05. All statistical tests were performed using Graph Pad 

Prism 8 and Microsoft Excel 16 software at a significant level of P <0.05 
 

Results 

The results of Table 2 indicate a significant difference in the expression of NOS 
and NOX genes between different groups from pre-test to post-test (P <0.0001). 

The results of within-group changes showed that the mean expression of the NOS 
gene in the exercise groups (P = 0.0224) and the combination of exercise + omega 

(P <0.0001) increased significantly from pre-test to post-test. However, in the 

omega group, there was a nonsignificant increase (P = 0.5667). The results of 
Tukey's post-hoc test also showed that there was a significant increase (P 

<0.0001) between the mean expression of the NOS gene in the exercise + omega 

group compared to the control group. However, the exercise group (P ≥ 0.9999) 
and omega group (P = 0.8519) had a significant increase compared to the control 

group. The omega group was not significantly different from the exercise group 

(P = 0.9530). The omega + exercise group had a greater and significant increase 
(P <0.0001) than the omega and exercise groups (Figure 1). Also, the results of 

within-group changes showed that the mean ratio of NOX gene expression 

changes in the exercise, omega, and combination of exercise + omega groups 

from pre-test to post-test had a significant decrease (P <0.0001). The results of 

Tukey's post-hoc test also showed that the mean ratio of NOX gene expression 

changes in the exercise, omega, and combination of exercise + omega groups 
compared to the control group had a significant decrease (P <0.0001). 

Nevertheless, there was no significant difference between exercise + omega, 

exercise, and omega groups. However, the omega + exercise group showed a 
further decrease (Figure 2). 

 

 

 

Discussion 

The results of the present study showed that the mean expression of the NOS gene 

in the exercise groups and a combination of exercise + omega from pre-test to 

post-test increased significantly, and in the omega group, it had a nonsignificant 

increase. The omega + exercise group had a greater and more significant increase 
than the omega and exercise groups. Also, the mean ratio of NOX gene expression 

changes in training groups, omega, and combination of training + omega from 

pre-test to post-test had a significant decrease. However, the omega + exercise 
group showed a further decrease. NADPH oxidases (NOX) are enzymatic 

assemblies that have been considered key molecules in vascular dysfunction. 

NOX has the main function of producing reactive oxygen species (ROS) and is 
the main source of ROS production in endothelial cells (22). The endothelium is 

a thin layer that covers the inner surface of blood vessels and acts as a secretory 

organ to maintain blood flow homeostasis. Enzymatic production of NO by 
endothelial NO synthase (eNOS) is very important in mediating endothelial 

function, and oxidative stress can lead to improper regulation of eNOS and 

endothelial dysfunction (23). However, cardiovascular disease 2 is characterized 
by poor control of the endothelial cell redox environment by a change in the 

direction of overproduction of ROS by NOX (24). In heart patients, reducing 

NOX2 prevents oxidative stress and the progression of heart disease (6). The 
results of this study show one of the most important roles of NOX2 pathogen in 

heart failure and strengthening the human heart. Obesity and eating saturated fats 

increase the risk of heart failure and arrhythmias. The physiological level of 
saturated fat can increase mitochondrial ROS in cardiomyocytes and lead to 

abnormalities in calcium homeostasis and mitochondrial function. PKC or NOX2 

inhibitors prevent dysfunction and increase mitochondrial ROS (25). In adult 
cardiomyocytes, palmitate has been shown to induce ROS by a mechanism that 

requires mitochondrial uptake and beta-oxidation of palmitate, and mitochondrial 

ROS is enhanced by PKC-NOX2 activation. Activation of this pathway leads to 
an increase in sarcoplasm. Reticulum calcium leakage leads to mitochondrial 

calcium overload and mitochondrial dysfunction. Drug inhibition of NOX2 

prevents abnormalities caused by saturated fat (25). On the other hand, NO acts 
as a messenger molecule and exerts its effects through the production of cyclic 

guanosine monophosphate cGMP. The role of omega-3 in reducing oxidative 

damage and restoring free radical homeostasis is not fully understood. Although 
some studies suggest that omega-3 components may reduce oxidative damage in 

humans and animals, the data are still inconclusive. There is evidence that omega-

3s at least improve the status of antioxidant enzymes in humans. In elderly 
patients who are chronically exposed to particulate matter, fish oil (2 g capsule 

per day; 52.4% DHA, 25.0% EPA, and 5.8% DPA) improves antioxidant status 
(26). Interventional studies confirmed that the use of n-3PUFA provides benefits 

Table 1. Primers used 

Genes Primer sequence 

NOS 
F: ACAGCACATTCAGATCCCCA 

R: GCCGAGATTTGAGCCTCATG 

NOX2 
F: TTAGTGGGAGCAGGGATTGG 

R: GGCATTGTTCCTTTCCTGCA 

 

Table 2. Results of analysis of variance for the ratio of expression changes of NOS 

and NOX genes 

Genes  F P 

NOS 
Group * Time 23.87 P <0.0001 

Time 68.81 P <0.0001 
Group 17.30 P <0.0001 

NOX 
Group * Time 46.69 P <0.0001 

Time 369.1 P <0.0001 
Group 16.41 P <0.0001 
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Figure 1. Changes in the NOS expression in different groups 

ns: nonsignificant difference, *: difference with pre-test, a: difference with the control 

group, b: difference with the omega group, c: difference with the exercise group 

Before after Before after Before after Before after

0.0

0.5

1.0

1.5

2.0

Groups

N
o

x
 m

R
N

A

(r
e
la

ti
v

e
 f

o
ld

 c
h

a
n

g
e
)

Control Omega Train Train+Omega

✱✱✱✱

✱✱✱✱

✱✱✱✱

aa
a

 
Figure 2. NOX expression changes in different groups 

*: Difference with pre-test, a: Difference compared to the control group 
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for the primary and secondary prevention of cardiovascular disease. Evidence 

from cellular and molecular research studies suggests that the protective effects 

of n-3 PUFA on the heart are due to synergies between complex and multiple 
mechanisms, including anti-inflammatory, lipid-mediated dissolution, 

modulation of cardiac ion channels, and reduction of triglycerides. This index 

influences cellular signaling pathways, as well as antithrombotic and 
antiarrhythmic effects. The n-3 PUFAs inhibit inflammatory signaling pathways 

(27). Activated oxygen and nitrogen species regulate a wide range of signaling 

pathways that govern cardiovascular physiology. However, oxidant stress due to 
impaired oxidation signaling has adverse effects on the pathogenesis and 

progression of cardiovascular disease (28). In addition to increasing eNOS and 

improving myocardial protection, voluntary physical activity has been shown to 
alter the expression and phosphorylation of eNOS according to the type of tissue 

and isomerism of the enzyme - eNOS. These findings indicate that there is a 

significant difference between exercise-induced myocardial protection and other 
types of delayed preparation, such as heat pressure and ischemic preparation. The 

endothelium plays an important role in the protective effects of exercise, 

especially as increased shear stress on the vessel wall due to exercise increases 
the expression and activity of vascular eNOS, thereby increasing the production 

and bioavailability of NO throughout the body. In this study, it was found that 

intermittent exercise was associated with increased NOS expression (29). Due to 
the role of inflammation in the pathogenesis of cardiovascular disease, one of the 

mechanisms for increasing NOS and decreasing NOX in cardiovascular patients 

may be reducing inflammatory markers through exercise (30). In contrast, 
skeletal muscle contraction produces ROS and RNS (reactive nitrogen species), 

which are needed to regulate many of the proteins involved in the stimulation-
contraction pair. The amount and species of ROS/RNS produced by contractile 

muscles will have downstream effects on specific protein targets and cellular 

oxidation signaling. Redox modifications on specific proteins are essential for 
the adaptive response to exercise, and skeletal muscle can lead to an unregulated 

redox reaction during aging (31,32). Exercise provides protective effects against 

pathological hypertrophy of the heart. Nitric oxide plays an important role in 
modulating cardiac hypertrophy. However, few studies have examined the 

relationship between NO signaling and the inhibitory effect of endurance training 

(ET) on the pathological nature of heart regeneration (33,34). 

 

Conclusion 

The results of the present study showed an increase in NOS gene expression and 

a decrease in NOX gene expression after the simultaneous effect of intermittent 
exercise and omega-3 supplementation. The ability of exercise and omega-3 

supplementation to reduce the level of oxidant stress by-products and increase 

the control of homeostasis in coronary artery insufficiency suggests an important 
molecular mechanism underlying the benefits of these interventions. 
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