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ABSTRACT

Restoring and maintaining mitochondrial function due to
myocardial infarction is an important therapeutic strategy to protect the heart. The aim of
the present study was to determine the effect of eight weeks of resistance training and
supplementation with branched amino acid (BCAA) nanoliposome on the expression of
nuclear respiratory factor 1 and 2 genes in the cardiomyocytes of male rat model of
myocardial infarction.

In this experimental study, 32 male Wistar rats were divided into 4
groups of resistance training, supplement, combined (resistance training + supplement)
and control after induction of myocardial infarction by intraperitoneal injection of
isoproterenol. Resistance training consisted of eight weeks of ladder training with
moderate intensity (70% of MVCC) and five days a week. In the supplement and combined
groups, 5 days a week and for 8 weeks, BCAA nanoliposome supplement was received by
gavage in the amount of 600 mg per kilogram of body weight. The expression of NRF-1 and
NRF-2 genes was measured by Real-time PCR method.

The mean expression of NRF-1 and NRF2 genes in cardiomyocytes in exercise and
combination groups was significantly higher than in control and supplement groups (P <
0.001). No significant difference was observed between the control and supplement groups
(P<0.05).

Based on the results of resistance training, by increasing NRF-1 and NRF-2, it
improves the function of mitochondria in cardiomyocytes of heart attack model rats.
Myocardial infarction, Resistance training, Branched-chain amino acids, Nuclear
respiratory factor.
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Introduction

yocardial infarction (heart attack) is
M pathologically defined as myocardial cell
death due to prolonged ischemia. Depletion of
cellular glycogen, and myofibril loosening
and sarcolemmal disruption are the first ultrastructural
changes followed by mitochondrial abnormalities (1).
Nuclear respiratory factors (NRF-1 and NRF-2) are
transcriptional activators that act on a significant subset of
nuclear genes required for mitochondrial respiration (4).
Resistance training has been reported to improve
mitochondrial function (8); these effects may be beneficial
in improving cellular energy homeostasis and helping to
maintain cardiac contractility (9). On the other hand,
research conducted in the past few years has yielded
important insights that are changing our understanding of
the physiology of the branched-chain amino acid (BCAA)
metabolism system and the molecular mechanisms
between BCAA homeostasis and cardiovascular health.
The rapidly evolving literature paints a complex picture, in
which multiple modes of tissue- and disease-specific
BCAA regulation initiate a diverse set of molecular
mechanisms that link alterations in BCAA homeostasis to
the pathogenesis of cardiovascular disease ( 10 ). The use
of BCAA nanoliposomes for health purposes has been
suggested (12). Based on the aforementioned literature and
the positive role of resistance training (7) and the role of
BCAA (10) in cardiovascular health, very little research
has been conducted on the effect of exercise and protein
supplementation on mitochondrial function in these
individuals. Considering the role of nuclear respiratory
factor genes in mitochondrial regeneration, the aim of the
present study was to determine the effect of eight weeks of
resistance training and branched-chain amino acid
supplementation in nanoliposomes on the expression of
NRF-1 and NRF-2 in cardiomyocytes of male rats in a
myocardial infarction model.

Methods

In the present experimental study, 32 male Wistar rats were
divided into 4 groups after myocardial infarction
induction: resistance  training,  supplementation,
combination (resistance training + supplementation), and
control. To induce experimental myocardial infarction,
intraperitoneal injection of isoproterenol at a rate of 100
mg per kilogram of body weight dissolved in normal saline
(for each mg of isoproterenol, 1 ml of normal saline) was
used on two consecutive days with an interval of 24 hours.
To ensure the induction of experimental myocardial
infarction, cardiac troponin | measurement, which is
considered a gold standard for cardiac injury, was used. A
troponin | kit was used to measure this factor. By pouring
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a blood sample directly onto a test strip with a dropper and
receiving a positive result, experimental myocardial
infarction induction was confirmed, and eligible rats were
enrolled in the study (13). The resistance training protocol
consisted of climbing a specially designed training ladder
(110 cm long, 80° slope, 26 steps, and 2 cm between steps).
The training groups performed eight weeks of resistance
ladder training at 80% of MVCC, 9-10 steps per session,
five days per week. To determine maximal voluntary
carrying capacity, a weight of 75% of the animal's body
weight was attached to their tails and the animal began
climbing the ladder carrying this load. Then, for each
successful repetition, 30 g was added to the previous
repeated training load. There was a two-minute rest at the
top of the ladder between each climb (14). Rats in the
supplement and combination groups received BCAA
nanoliposome supplements at the same time as training (5
days a week for 8 weeks). This supplement was gavage
after training at a rate of 46% leucine, 28% valine, and 23%
isoleucine at a rate of 600 mg/kg body weight (14). NRF-1
and NRF-2 gene expression was measured by real-time
PCR. In the present study, the data obtained from the study
were analyzed using two-way ANOVA and Tukey's post
hoc test to determine the difference in the desired
indicators between the different groups. All statistical
calculations were performed at a significance level (P >
0.05) and using SPSS version 22 software.

Results

In the intergroup comparison, the results of two-way
analysis of variance for comparing the expression of
NRF-1 and NRF-2 genes in rats in the four study
groups showed a significant difference (P < 0.001).
The results of the post hoc test indicated a significant
increase in the expression of NRF-1 and NRF-2
genes in the cardiac muscle of male rats in the
exercise + supplement and exercise groups compared
to the supplement and control groups (P < 0.001). No
significant difference was observed between the
control and supplement groups (P < 0.05).

Conclusion

Based on the results of the present study, resistance training
improved cardiomyocyte mitochondrial function in
myocardial infarction model mice by increasing NRF-1 and
NRF-2. It has been reported that aerobic training increases
NRF-1 and NRF-2 gene expression in the heart tissue of
myocardial infarction model mice (15) and reduces
pathological cardiac remodeling and dysfunction caused by
myocardial infarction (16).Results of chronic physiological
adaptations suggest that resistance training to transient
muscle failure induces a number of physiological
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adaptations that may facilitate the observed improvements in author, a student at Islamic Azad University, Central
cardiovascular fitness. These adaptations may include Tehran Branch. The authors thank and appreciate all
increases in  mitochondrial enzymes, mitochondrial those who collaborated in conducting this research.

proliferation, and phenotyping (18). Exercise training has
been reported to protect against acute myocardial injury by
improving myocardial energy metabolism and increasing
early adaptive changes in mitochondrial biogenesis (19).
Nuclear respiratory factors, NRF-1 and NRF-2, contribute to
the expression of mitochondrial respiratory subunits and
transcription factors and thus play a role in nuclear-
mitochondrial interactions (4). Given that mitochondrial
function and cardiomyocyte apoptosis are closely related to
heart failure after myocardial infarction (23), the results of
this study indicate that resistance training, by increasing
gene expression of nuclear respiratory factors, NRF-1 and
NRF-2, contributes to the expression of mitochondrial
respiratory subunits and transcription factors (4). Given that
the improvement of cardiac mitochondrial function
following myocardial infarction plays an important role in
the survival of myocardial infarction patients (24).
Therefore, the use of resistance training to improve
mitochondrial function caused by myocardial infarction isan
important therapeutic strategy for protecting the heart; which
indicates that the use of resistance training is a potential
therapeutic strategy to improve cardiac function after
myocardial infarction. In examining the effect of BCAA
nanoliposome supplementation on NRF-1 and NRF-2 gene
expression, no significant difference was observed
compared to the control group. Also, no significant
difference was observed between the exercise + supplement
and exercise groups. These results indicate that the use of
BCAA nanoliposome supplementation, either alone or in
interaction with resistance training, has no significant effect
on NRF-1 and NRF-2 gene expression in the heart tissue of
myocardial infarction model rats.
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