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Abstract
Background and aims: The activation of inflammatory reactions is essential immediately after the onset of myocardial infarction (MI). On 
the other hand, the path of inflammatory activators should be controlled to prevent the recurrence of MI. In this vein, the aim of this study 
was to examine the effect of eight weeks of interval training and quercetin nanoliposome consumption on nuclear factor kappa B (NF-κB) 
and fibroblast growth factor 2 (FGF-2) gene expression in the heart tissue of MI rats. 
Methods: In this experimental study, 30 male rats, aged approximately 6-8 weeks, were randomly divided into five groups including MI 
+ training, MI + supplement, MI + training + supplement, healthy control, and MI. The MI was induced by the subcutaneous injection of 
isoprenaline hydrochloride at a dose of 80 mg/kg. Quercetin was daily administered at a dose of 0.25 mg for 8 weeks, and interval training 
was performed 5 days a week. NF-κB and FGF-2 gene expressions were measured by the real-time polymerase chain reaction. Finally, data 
were analyzed using the one-way analysis of variance (ANOVA) and Tukey’s post hoc tests (P < 0.05).
Results: Training significantly increased NF-κB gene expression in the MI+ training, MI + supplement, and MI + training + supplement 
groups (P = 0.001) while significantly decreasing FGF-2 gene expression in the MI group (P = 0.04).
Conclusion: Interval training may prevent the negative effects of MI by reducing pro-inflammatory gene expression in the heart tissue, 
leading to improved cardiovascular function and the prevention of this disease.
Keywords: High-intensity interval training, Nuclear factor kappa B, Fibroblast growth factor-2, Quercetin supplementation, Myocardial 
infarction
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Introduction 
Myocardial infarction (MI) is the damage or loss of an area 
of the myocardium that results from the blockage of blood 
supply to that area, which eventually leads to the death of 
the heart tissue (1). Following the death of myocytes and 
the loss of capillaries in and around the area affected by 
the infarction, active myocardial remodeling continues, 
increasing the signals that induce the vascular growth and 
remodeling of the left ventricle and the fibrosis tissue and 
resulting in the left ventricle dilation and thus heart failure. 
The growth of new blood vessels and capillaries after the 
onset of infarction seems to be a necessary process to be 
able to maintain left ventricular hypertrophy in the living 
part (2). Increasing the density of skeletal and cardiac 
muscle capillaries is called the process of angiogenesis, 
which requires the proliferation and migration of capillary 
endothelial cells (3). 

The most important factor in the process of 

angiogenesis is the fibroblast growth factor 2 (FGF-2), 
which is involved in angiogenesis, wound healing, and 
embryonic development. FGFs play an important role 
in the proliferation and differentiation processes of body 
cells and tissues. Decreased FGF gene expression leads 
to decreased muscle mass, followed by decreased muscle 
strength, and ultimately, decreased physical function (4). 
In general, 20 types of FGF have so far been identified, of 
which FGF-1 and FGF-2 are the primary growth factors 
that have been studied for stimulating vascularization. 
These two agents have chemotoxic and mitogenic effects 
on endothelial cells, fibroblasts, and many other cells. 
Different factors exist for stimulating vascularization 
acting at different stages. It has been reported that FGF-
2 and vascular endothelial growth factor (VEGF) play an 
important role in the early stages of vascularization by 
binding to their specific receptors (5). Given that MI is 
caused by the impaired blood supply and oxygen supply 
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to the heart muscle cells, it is important for evaluating 
the hypoxia condition. A dramatic increase in hypoxia-
induced protein and mRNA (nuclear factor kappa B, NF-
κB) occurs under these conditions. 

NF-κB is induced by many factors including 
inflammatory cytokines (interleukin-1 NTFa), and 
oxidative stress (H2O2 mitogen-activated compounds). 
Under cellular resting conditions, NF-κB lies within the 
cytoplasm as a complex attached to the κB inhibitor (IκB) 
that activates various stimuli in the intracellular signal 
pathways, thereby activating IκB kinase (IKK). Activated 
IKK by the phosphorylation and ubiquitination of the κB 
inhibitor destroys the inhibitor. Then, NF-κB is released 
for transmission into the nucleus and regulates the 
expression of NF-κB-dependent genes (6).

Exercise as a non-pharmacological intervention plays an 
essential role in preventing and improving the treatment 
of cardiovascular patients. Among the types of exercise, 
researchers have developed a new method of exercise 
called high-intensity interval training (HIIT) using a 
combination of speed training and interval training (7). 
HIIT creates metabolic, structural, ionic, and neural 
adaptations in muscles. In addition, it increases capillary 
density, production of vascular growth factors, endothelial 
proliferation, and FGF and leads to angiogenesis through 
the process of hypoxia (4). One study evaluated the effect 
of eight weeks of resistance training on serum myostatin 
and FGF-2 and demonstrated that training increases 
serum FGF-2 levels (8). Another study examined the effect 
of aerobic training on inflammatory factors in the lungs. 
It was concluded that endurance training is associated 
with the modulation of inflammatory factors in the lungs, 
including tumor necrosis factor alpha (TNF-α) and NF-
κB, indicating the anti-inflammatory effects of exercise 
training (9).

In addition to the effective role of exercise training, 
supplementation plays a strengthening role. Quercetin 
supplementation has a protective role in the cardiovascular 
system and belongs to a group of plant pigments called 
flavonoids. Further, it has the most antioxidant properties 
among other flavonoids and is even about six times 
stronger than vitamin C.

Quercetin also neutralizes free radicals and reduces 
cell damage and death, along with reducing the oxidation 
of low-density lipoprotein (LDL) by eliminating free 
radicals, thereby lowering LDL cholesterol and cardiac 
diseases (10). Studies have shown that this supplement has 
a positive and significant relationship with the process of 
angiogenesis and also seems to improve and strengthen 
the cardiovascular system. On the other hand, it has been 
found that interval training has a beneficial effect on 
physiological muscle processes and a positive adaptation 
to the signaling pathway of the cardiac angiogenesis 
process.

To the best of our knowledge, no study has so far 
investigated the effect of interval training on the gene 
expression of angiogenic factors (NF-κB and FGF-2) and 

the relationship between them. Accordingly, this research 
aimed to explore whether the concurrent use of interval 
training and quercetin supplementation affects NF-κB 
and FGF-2 gene expression in patients with MI.

Materials and Methods
Animals
In this applied experimental study, thirty 6-8 week-old 
male rats, weighing 250 ± 20 g, were purchased from 
the Pasteur Institute of Iran and then transferred to 
the histogenetic laboratory affiliated to the Pasargad 
Tissue and Gene Company. The animals were kept at 
23 ± 3°C with a humidity of 50 ± 10% and had ad libitum 
access to food and water up to the end of the protocol. 
Their dark-light cycle included 12 hours of dark and 12 
hours of light. To create cardiac ischemia, isoprenaline 
hydrochloride was subcutaneously injected to 30 rats at a 
dose of 80 mg/kg (0.9% sodium chloride), and then they 
were randomly divided into five groups including normal 
control, MI, MI + training, MI + supplement, and MI + 
training + supplement each containing six rats. To ensure 
the induction of experimental MI, a number of rats in MI 
groups were randomly anesthetized two days after MI, 
and their cardiac tissue samples were examined using 
hematochemical eosin staining techniques. Finally, the 
legitimate animals were included in the study. 

Tissue preparation
The tissue preparation stage included dehydration, 
clarification, and impregnation. In the dehydration step, 
the sample was placed in alcohol 70%, 80%, 90%, and 
100% for 50 minutes each, respectively. The tissue water 
was absorbed and alcohol was replaced with this action. 
The sample was then placed in a solution called xylol, 
which also replaced alcohol.

There were two types of xylol in the clarification phase, 
each lasting 40 minutes. In the impregnation step, the 
sample was placed inside the melted paraffin to penetrate 
into the tissue. Paraffin was solid at room temperature and 
melted at 70˚C. Up to this stage, it was possible to prepare 
the tissue both manually in the oven and automatically by 
a device called autotechnicon. Two types of paraffin were 
used for 50 minutes each.

After preparation, the tissue was molded by cutting and 
hydration. At the cutting stage, the samples were cut with 
a device called microtome at a thickness of 5-10 µm. To 
remove the paraffin inside the sample, the samples were 
placed inside two types of xylol each for 10 minutes. 
To stain, the tissue water was slowly returned to xylol 
according to some steps including keeping alcohol 100%, 
90%, 80%, and 70% and running water for 1 minute each 
for complete dehydration (11).

Investigation of gene expression
The concentration and purity of the extracted RNA were 
evaluated by a nanodrop spectrophotometer. The light 
absorption of the samples was measured at 260 and 280 
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nm, and its concentration was obtained based on the 
accuracy factor in ng/μL. Next, cDNA synthesis was 
performed using a cDNA synthesis kit, RNA treated with 
Dnase I, 1/2 μL microtube, thermocycler, water treated 
with DEP, a sampler, and a head sampler.

After measuring the optical density of the samples, the 
concentrations were reached up to 1 ng/μL, to be prepared 
for cDNA synthesis. Then, 10 μL of the treated RNA 
(Dnase at a concentration of 1 ng/μL) was poured into a 0.2 
microtube and 10 μL of cDNA synthesis kit solution was 
added as well. Next, it was placed in a thermocycler for 
5 minutes at 25 °C followed by 60 minutes at 60 °C. The 
microtubes were cooled on ice and stored at -21°C for 
the quantitative polymerase chain reaction (qPCR). The 
primer was designed using real-time PCR. The sequence 
of the forward-reverse primers of genes is presented in 
Table 1.

Quercetin supplementation with liposome nanoparticles
Quercetin supplementation, which was converted to 
liposome nanoparticles, was daily administered by gavage 
at a dose of 0.25 mg/kg body weight for 8 weeks. The first 
day of quercetin gavage was initially performed 2 days after 
adaptation to the training environment. During gavage 
treatment, quercetin nanoliposomal supplementation was 
performed in two supplement groups at a dose of 10 mg/
kg five days a week at 12 o’clock (12).
 
Training protocol
Rats of the training group performed the training 
protocol for 8 weeks and 5 sessions per week and the 
other groups were kept in the laboratory condition during 
the implementation of the protocol. To implement the 
training protocol, rats in the training and training + 
supplementation groups were introduced to work on the 
animal treadmill for two weeks. Then, to determine the 
intensity of exercise training, the maximum speed test was 
performed on the treadmill so that after 10-20 minutes of 
warm-up at 40-50% VO2max intensity, the treadmill speed 
increased 0.03 m/s every two minutes until the animal was 
unable to run anymore. The speed was considered as the 
speed of VO2max at which blood lactate levels were above 
6 mmol/L.

According to Table 2, the main training protocol as 
HIIT was performed on an animal treadmill (Tajhiz 
Gostar, 2016, Tehran, Iran) in the training group. The 
HIIT protocol consisted of a 10-minute warm-up period 
(50-55% maximal oxygen uptake VO2max), 7 interval 
training periods (4-minute intervals at 80%-90% VO2max 
interspersed with 3-minute periods of 65-75% VO2max), 

and a 5-minute cooldown period. It should be noted that 
no training shock was used during the training program 
and if necessary, the animals were forced to continue 
training using their hands or creating a sound stimulus on 
the cap of the treadmills (13).

Statistical data analysis
SPSS statistical (version 23) and GraphPad Prism (version 
6.0) software were used to analyze the data and to draw the 
graphs, respectively. Moreover, the Kolmogorov-Smirnov 
test was applied to determine the normality of the data. 
Eventually, one-way analysis of variance (ANOVA) and 
Tukey’s post hoc test at a significance level of <0.05 were 
employed to analyze the data. 

Results
Considering the findings of the present study, the 
intergroup comparison of the expression of the two 
studied genes are provided in Table 3.

NF-κB gene expression
The results of one-way ANOVA showed a significant 
difference between different groups of the present study 
(F = 16.02, P = 0.001).

The results of Tukey’s post hoc test revealed that NF-κB 
levels in the MI group significantly increased compared 
to the control group (P = 0.001). However, NF-κB levels 
significantly decreased in the MI + training (P = 0.001), 
MI + supplement (P = 0. 001), and MI + training + 
supplement (P = 0. 001) groups in comparison with the 
MI group. The statistical results of this gene expression 

Table 1. Sequence of primers

Gene Name Oligo Sequence

NF-κB
F AGAAGGCTGGAGAAGATGAG

R TTGGTGCCTCGTGTCTTCTGT

FGF-2
F AGTTGTGTCCATCAAGGGAGTGTG

R ATACTGCCCAGTTCGTTTCAGTGC

GAPDH
F AGGTCGGTGTGAACGGATTTG

R TGTAGACCATGTAGTTGAGGTCA

Note. NF-κB: Nuclear factor kappa B; FGF: Fibroblast growth factor; GAPDH: 
Glyceraldehyde-3-phosphate dehydrogenase. 

Table 2. Eight weeks of HIIT training for MI

Weeks Type of Activity
Running Speed 

(m/min)
Vo2max (%)

Duration 
(min)

1-8
4-minute intervals 25 80-90

49
3-minute intervals 15 65-75

Note. HIIT: High-intensity interval training; MI: Myocardial infarction.

Table 3. One-way ANOVA for NF-κB mRNA and FGF-2 mRNA

Group Variable Control MI MI + Training MI + Supplement MI + Training + Supplement P value

NF-κB 0.055 ± 0.006 0.126 ± 0.026 0.036 ± 0.018 0.053 ± 0.011 0.046 ± 0.001 0.001

FGF-2 0.009 ±  0.005 0.002 ± 0.0008 0.003 ± 0.0007 0.004 ± 0.001 0.006 ± 0.002 0.04

Note. ANOVA: Analysis of variance; NF-κB: Nuclear factor kappa B; FGF-2: Fibroblast growth factor 2; MI: Myocardial infarction.
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are illustrated in Figure 1.

FGF-2 gene expression
The results of one-way ANOVA showed that there was 
a significant difference between the different groups 
of the present study (P = 0.04, F = 3.73). The results of 
Tukey’s post hoc test showed that the levels of FGF-
2 gene expression were significantly lower only in the 
control group compared to the MI group (P = 0.007). The 
statistical results of this gene are shown in Figure 2.

Discussion
This study mainly aimed to evaluate the effect of eight weeks 
of HIIT and quercetin nanoliposome supplementation on 
NF-κB and FGF-2 gene expression in the heart tissue of 
MI rats.

The results showed that the levels of NF-κB gene 
expression in the control group were significant and relative 
to the MI group, the MI group relative to the training + MI 
group, the MI group relative to the supplementation + MI 
group, and the MI group relative to the supplementation 
+ training + MI group. On the other hand, the levels of 
FGF-2 gene expression were significant only in the control 
group compared to the MI group.

MI is the most common cause of heart failure, which 
leads to left ventricular dysfunction. Therefore, it 
seems necessary to study the physiological mechanisms 
associated with this disease and find a suitable solution 
mainly to prevent this complication and then to treat this 
disease.

Exercise is suggested as part of the rehabilitation 
program for patients with MI. It alone has many positive 
effects on the cardiovascular system, including improving 
heart function and parallel circulation of the coronary 
artery. In addition, exercise and muscle contractions 
provide a powerful stimulus for the regeneration of the 
vascular structure. 

The velocity of the blood flow in the vessel increases 
following an increase in the shear stress of the vessel. 
This increase in shear stress is the main stimulus for 
the enlargement of ductal and capillary vessels by 
angiogenesis. Stimulation-induced angiogenesis due 
to exercise includes angiogenic factors such as VEGF 
and FGF-2. It has been suggested that FGF-2 plays an 
important role in exercise-induced cardiac angiogenesis 
(14). Consistent with the results of the present study, a 
study was conducted on the elderly to explore the effect of 
8 weeks of running on angiogenic changes and molecular 
mediators associated with myocardial angiogenesis. The 
results demonstrated that the NF-κB myocardium of 
the elderly group significantly increased compared to 
the younger group, and the exercise group indicated a 
significant increase in NF-κB gene expression (15).

Another study compared the effects of two types of 
HIIT and moderate-intensity continuous training (MICT) 
on NF-κB and IL-6 gene expression in the lung tissue 
of young and old rats. Based on the results, there was a 

significant difference in NF-κB gene expression between 
the old control and old continuous training groups, 
between the old control and old HIIT, as well as between 
the old continuous training and old HIIT groups (16). 

Regarding FGF-2 gene expression, there are analogous 
studies with the present study. For example, a study 
investigated the effect of ten HIIT on the levels of some 
angiogenesis factors and pulmonary function in men with 
prostate cancer. The results showed that HIIT significantly 
increased FGF levels in the experimental group compared 
to the control group (4).

Some conflicting studies evaluated the effects of HIIT 
and MICT on the levels of FGF-2 gene expression in 
the visceral and subcutaneous adipose tissue of male 

Figure 1. Changes in the levels of NF-κB gene expression in different research 
groups. Note. NF-κB: Nuclear factor kappa B; MI: Myocardial infarction. 
Dissimilar letters at the top of each bar indicate significant changes between 
different research groups (P = .0001). Similar letters at the top of each bar 
represent a significant change (P = 0.001). 

Figure 2. Changes in the levels of FGF-2 gene expression in different research 
groups. Note. FGF-2: Fibroblast growth factor 2; MI: Myocardial infarction. 
Dissimilar letters at the top of each bar denote significant changes between 
different research groups (P = 0.04). Similar letters at the top of each bar 
demonstrate a significant change (P = 0.007). 
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Wistar rats. The results represented that both types of 
training interventions significantly increased FGF-2 gene 
expression in the subcutaneous adipose tissue (5).

A similar study examined the effect of endurance 
training on the process of angiogenesis in the soleus 
muscle of rats with MI but reported no changes in FGF-2 
gene expression (17).

It should be noted that endurance training was used 
with no supplement in the last two studies. Further, the 
FGF-2 gene was studied in a target tissue other than the 
myocardium. The possible mechanism of gene expression 
may be different in other tissues. 

To investigate the effect of supplementation, performing 
8 weeks of HIIT and quercetin supplementation on the 
dimensional and functional adaptations of the left ventricle 
in men with hypertension caused a significant increase in 
left ventricular systolic and diastolic dimensions in the 
HIIT and quercetin supplementation group (18).

Quercetin induces endothelial nitric oxide synthase 
phosphorylation, thereby increasing nitric oxide release, 
improving cardiac flow, and paving the way for angiogenetic 
processes. Quercetin also plays an important role in 
reducing the formation of inflammatory molecules and 
inhibiting their activity by inhibiting NF-κB transcription 
and other proinflammatory signaling cascades (19). There 
are two main pathways for activating NF-κB, including 
classical and non-classical pathways. Activation via the 
classical pathway occurs when an external ligand binds to 
a receptor on the surface of the membrane, resulting in 
oligomerization, using a number of receptive molecules, 
and finally, activating the ubiquitin-dependent TAK1-IKK 
complex. IKK mediates IκBα phosphorylation at Ser32 
and Ser36 levels, where IκBα is targeted for proteasomal 
degradation, and ultimately, more rapidly transmits NF-
κB to the nucleus. In the non-classical pathway, ligand 
binding leads to the activation of NF-κB-stimulated kinase 
and IKKα, causing the processing of the p100 pathway and 
the transfer of p52/RelB into the nucleus.

MI occurs under conditions of the lack of blood 
and oxygen delivery to the heart cells, thus it has been 
reported that hypoxia-induced NF-κB is caused by the 
phosphorylation of the tyrosine residue IκBα, and this 
activation does not lead to the breakdown of IκB. Although 
it indicates an IKK-independent mechanism, NF-κB is 
one of the important adaptation factors in response to 
hypoxia. The underlying mechanism of this activation has 
not been defined yet (20).

The use of a specific inhibitor of PI 3-kinase or IRAK 
revealed that IRAK activates PI 3-kinase, its signaling 
phosphorylates IKKα/β, and degrades IκB, thereby leading 
to NF-κB activation. The stimulation of FGF-2 by IL-1β is 
completely blocked by NF-κB (sulfasalazine) or PI 3-kinase 
inhibitors. Chromatin safety deposition also shows that 
NF-κB is an FGF-2 transcription factor because NF-κB 
binds to the NF-κB domain site of the FGF-2 promoter. 
Based on these data, IL-1β signaling is a combination of 
the classical pathway and PI 3-kinase signaling, which is 

essential for resetting FGF-2 production via NF-κB and 
plays a key role as an FGF-2 transcription factor (21).

The therapeutic effect of FGF-2 in response to 
inflammation caused by acute lung disease in rats was 
investigated to achieve possible mechanisms regarding 
health. The results showed that FGF-2 treatment reduced 
inflammatory responses, pulmonary capillary leakage, and 
lung damage, thereby improving survival and persistence 
in rats with pulmonary inflammations. Therefore, 
endothelial lesions and macrophage inflammations 
stimulated by lipopolysaccharide are inhibited by FGF-2 
through the AKT/P38/NF-κB signaling pathway (22).

A study evaluated the role of the JAK/STAT signaling 
pathway in the incidence of acute MI in rats and then 
focused on the effect of this pathway on the expression of 
the nuclear factor (NF-κB) in the myocardium of rats with 
MI. It was found that the JAK/STAT signaling pathway 
was involved in the onset of MI and may also be involved 
in left ventricular regeneration after MI. The involvement 
of the JAK/STAT signaling pathway at the onset of MI 
may be associated with its effects on NF-κB and TNF-α 
expression (23).

It has also been suggested that BFGF or FGF-2, through 
the JAK/STSTE/RAS protein pathway, stimulate processes 
such as cell proliferation, differentiation, adhesion, 
and migration during angiogenesis (24). According to 
the results of the present study, interval training with 
quercetin consumption at the beginning of MI leads to 
increased levels of FGF-2 and NF-κB gene expression 
and the process of angiogenesis. In the advanced stages 
of MI, these two variables reduce the levels of NF-κB gene 
expression by inhibiting the ubiquitin-dependent TAK1-
IKK complex, which inhibits FGF-2 gene transcription. 
As a result, they control inflammatory reactions and 
angiogenesis processes by reducing inflammatory 
responses. In this study, there was a short time to start 
training after the induction of infarction. Furthermore, 
the concurrent implementation of training and gavage 
in one day, as well as the lack of time to rest were stress 
factors for sick rats and can be considered as some of 
the limitations of the study. It is suggested that further 
studies be performed to achieve the NF-κB gene activating 
signaling pathway with quercetin supplementation and 
interval training. For this purpose, the induction method 
of infarction could be changed and the surgical method 
could be used instead. Likewise, longer training protocols 
should be implemented if possible.

Conclusion
Based on the obtained results, FGF-2 could inhibit or 
reduce MI inflammations in progressive conditions. On 
the other hand, the role of supplementation and training 
was highlighted in reducing NF-κB gene expression in MI, 
and it was found that NF-κB gene expression is activated 
through FGF-2 in the MI group.

As mentioned earlier, there are two pathways for NF-κB 
gene activation, including the AKT/P38/NF-κB and JAK/
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STAT signaling pathways. Therefore, HIIT and quercetin 
supplementation in the progressive condition can, alone 
or concurrently, reduce NF-κB gene expression from the 
JAK/STAT signaling pathway, which is involved in the 
onset of MI.
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