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Abstract

Objective: Myocardial ischemia (MI) and circulatory arrest are
associated with unfavorable cardiovascular outcomes. This study
aims to investigate the effects of proanthocyanidins (PC) and
regular exercise with various intensity training protocols (low,
moderate, and high) on cardiac protection in a rat model of Ml
induced by isoproterenol.

Materials and Methods: Based on bioinformatics, a pool of
microRNAs and mRNAs was assessed according to significant
differential expression in MI condition. Further, the networks of
hub genes and mRNA-microRNAs were constructed. After 14
weeks of low, moderate, and high-intensity interval training and
oral administration of 300 mg/kg of PC, MI was established in the
rats by injecting isoproterenol. The real-time gPCR assessed the
relative expressions.

Results: Based on the in-silico analysis, Fnl (fibronectin-1) and
Myh7 (myosin heavy chain 7) are potentially druggable cut points
to reduce cardiac tissue damage. High-intensity interval training
(HNT) and consumption of PC modified the relative expression of
Myh6 (myosin heavy chain 6), Myh7, and Nfl. Moreover, High-
intensity interval training and PC regulated the mir92a-3p,
mirl8la-5p, mir29a-3p, and mirl33a-3p.

Conclusion: Here, the data indicated that the HIIT protocol could
have an effective strategy compared to low-intensity interval
training (LIIT) and moderate-intensity interval training protocols
(MIT). Furthermore, HIIT and PC might have protective effects
on the MI condition.
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Introduction

Ischemic cardiomyopathy (ICM) is the
primary cause of mortality worldwide
(Bhandari et al., 2021). Moreover, based on
the epidemiological evidence, myocardial
ischemia (MI) accounts for around 80% of
all cardiovascular diseases (CVDs) (Kurian
et al., 2016). Pathogenesis of CVDs has
been linked to  oxidative  stress,
inflammation, apoptosis, and disruption in
cardiomyocyte contraction elements
(Pakravan et al., 2022).

In animal models, MI and other forms
of death in the cardiac tissue can be
triggered by isoproterenol, a
sympathomimetic beta-adrenergic receptor
agonist (Hamilton et al., 2003).

Medical intervention strategies
implemented to optimize, manage, and treat
patients with ICM in the hospital, consist of
revascularization, aspirin, beta-adrenergic
antagonist (beta-blockers), high potency
statins,  angiotensin-converting  enzyme
inhibitors, angiotensin Il receptor blockers,
hydralazine and nitrate, angiotensin
receptor neprilysin inhibitor (ARNI),
spironolactone, digoxin, inhibitors of the
cardiac late sodium current, implantable
cardioverter defibrillators (ICD) placement,
and biventricular pacing (Bhandari et al.,
2021). However, there are effective
complementary and alternative medicine
strategies for preventing and improving
healthcare during pathogenesis statuses
(Hajibabaie Abedpoor Safavi et al., 2022).
Based on the evidence, exercise, diets, and
exogenous antioxidants are complementary
strategies to boost the body's natural
defenses (Abedpoor et al., 2022b; Akbarian
et al., 2021; Hajibabaie et al., 2023). Many
fruits include exogenous antioxidants,
vitamins C and E, and polyphenols like
flavonoids, folic acid, and carotenoids
(Gomes et al., 2012; Kurutas, 2015). The
red grape seed extract has been proven to
be an effective antioxidant in several
scientific studies (Habib et al., 2022;
Krasteva et al., 2023). Our literature review
has indicated that one of the practical
biological active components derived from

grape seed is proanthocyanidins, which
could have positive protective effects as
antioxidants of at least 20 and 50 times
more than vitamins E and C, respectively
(Bagchi et al., 1997; Foshati et al., 2021). In
addition, evidence has indicated that PC
reduced cell death by increasing the
efficiency of the endogenous antioxidant
system and decreasing Xxanthine oxidase
levels (Kadri et al., 2021). On the other
hand, proanthocyanidins have been found
to  protect cardiac  tissue  from
ischemia/reperfusion injury and vascular
damage by blocking vascular endothelial
growth factors, decreasing the angiogenesis
process, and controlling the extracellular
matrix (Braile et al., 2020). Besides, ample
evidence reported that regular physical
activity could improve  whole-body
performance, cardiorespiratory capacity,
metabolic features, chronic inflammation,
and oxidative stress via cross-talk signaling
cascades (Abedpoor et al, 2022b;
Haghparast Azad et al., 2022; Rahimi et al.,
2021).

Evidence reported that only two specific
myosin heavy chains (MYH) proteins,
myosin heavy chain alpha-subunit (Myh6)
and myosin heavy chain beta-subunit
(Myh7), are present in mammalian cardiac
tissue. The mature heart expresses and
distributes these proteins differently than
during development. As in other mammals,
Myh7 is highly expressed in the ventricles
of the heart tissue, while Myh6 is more
predominant in the heart's chambers
(Broadwell, 2022). Myh6 encodes cardiac
myosin alpha heavy chain components in
the developing atria (Broadwell, 2022). It
has been observed that mutations of Myh6
correlate with hypertrophic and dilated
cardiomyopathy (Broadwell, 2022). Myh6
was connected with congenital heart disease
and implied that increasing mutation of
Myh6 might be associated with congenital
heart disease (Razmara et al., 2018). In
addition, pathogenesis may be influenced
by genetic regulators that modulate gene
expression (Abedpoor et al., 2022a;
Hajibabaie Abedpoor Assareh et al., 2022;
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Hajibabaie et al., 2020). MicroRNAs and
other non-coding RNAs play an essential
role in post-translational regulation and can
control gene expression by binding to a
specific sequence in the 3'-untranslated
region (UTR) of mRNA (Hajibabaie
Abedpoor Assareh et al., 2022; Hajibabaie
et al., 2020). Extensive research has linked
microRNAs to cardiac pathophysiology,
suggesting they play crucial roles in
atherosclerotic lesion development and
ischemia/reperfusion events leading to Ml
(Hajibabaie et al., 2020). Differential gene
expression  profiles and  potentially
pathogenic conditions can result from
changes in the expression profiles of
microRNAs and the affinities with which
they bind to target MRNAs (Hajibabaie et
al., 2020).

Hence, the current study investigated
the effects of proanthocyanidins and regular
exercise with various intensity training
protocols (low, moderate, and high) as
cardiac protective factors in a rat model of
MI induced by isoproterenol hydrochloride.
In this study, we conducted bioinformatics
and chemoinformatics analysis and
recognized the pivotal genetic interactions
network involved in the cardiac
pathogenesis  status and  regulatory
molecules.

Materials and Methods
Animal grouping, proanthocyanidins
bioactive compound consumption, and
exercise training protocols

The Jahrom University of Medical
Sciences animal house provided 54 male
Wistar rats weighing 160-180 g. The rats
were housed in a controlled environment
with a regular 12-hr light/dark cycle, a
temperature of 22+3°C, and humidity of
approximately 50-55 %.

Proanthocyanidins have been purchased
from Sigma-Aldrich company (Product
No. 1298208, Sigma-Aldrich). After a
week of adaptation, the rats were ready for
the starting the procedure. Rats exercised
with three different intensities of aerobic

exercise (low, moderate, and high) for 14
weeks (5 days a week) and gavaged with
300 mg/kg of proanthocyanidins before
induction of MI (five days a week). After
exercising and consuming
proanthocyanidins, MI was induced with
isoproterenol hydrochloride (Iso) 24 hr
after the last intervention. A total of 9
groups (n=6) of rats were randomly
distributed for this study. These groups
included:

(1) Myocardial ischemia rats (Ml
group),

(2) Rats without intervention and
considered negative control (Normal
group),

(3) Rats treated with proanthocyanidins
(PC group),

(4) Rats that received low-intensity
interval training (LIIT group)

(5) Rats that received the combination
PC+low-intensity interval training
(PC+LIIT group),

(6) Rats that received moderate-
intensity interval training (MIIT group),

(7) Rats that received the combination
PC+modrate-intensity interval training
(PC+MIIT group),

(8) Rats that received high-intensity
interval training (HIIT group),

and (9) Rats that received the
combination PC+high-intensity interval
training (PC+HIIT group).

Notably, the PC (300 mg/kg) was
dissolved in 1 ml of normal saline and
given orally five days a week for 14
weeks. It should be noted that the dose of
proanthocyanidins was selected based on
the literature review and data mining (Jhun
etal., 2013; Qin et al., 2020).

Research study protocols on animals
followed the guidelines established by the
Ethics Committee of Jahrom University of
Medical  Sciences  (Ethical  code:
IR.JUMS.REC.1399.050).

Biochemical analysis

This study evaluated the serum
concentration of troponin-1 (ZElIBio,
RK09281) by commercially available
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Enzyme-Linked Immunosorbent Assay
(ELISA)  kits according to the
manufacturer's guidelines.

Myocardial ischemia induction

Twenty-four hours after 14 weeks of
exercise and consuming
proanthocyanidins, rats were induced
myocardial ischemia/reperfusion by giving
an intraperitoneal injection of 80 mg/kg
body  weight (BW) isoproterenol
hydrochloride. The injection was repeated
24 hr later (Frederico et al., 2009). A
combination of 50 mg/kg BW ketamine
hydrochloride and 10 mg/kg BW xylazine
hydrochloride was used to induce
anesthesia in the rats 4 hr after the second
injection. Heart tissues were quickly
frozen in liquefied nitrogen and stored at -
80°C until RNA extraction (Lobo Filho et
al., 2011).

Intervention protocols of exercise
training (low, moderate, and high
intensities)

The low-intensity, moderate-intensity,
and high-intensity training programs were
designed based on the maximum oxygen
uptake (VO2 max) and intensity. In the
first week, the rats ran on treadmills for 15
min at a speed of 5 m/min and a slope of 0
degrees to promote adaption. Each
workout included a 5-min warm-up and a
5-min cool-down. The protocol for
moderate-intensity interval training was as
follows: running speed and VO max
consistently enhanced to reach 30 m/min
and 70% VO, max. Also, the slope of the
MIIT gradually increased to reach 5
degrees. Moreover, the protocol for high-
intensity interval training was as follows:
running speed and VO2 max consistently
increased to reach 35 m/min and 90% VO
max. Furthermore, the slope of the HIT
progressively enhanced to 10 degrees. In
addition, the protocol for low-intensity
interval training was as follows: running
speed and VO2 max consistently amplified
to reach 20 m/min and 61% VO, max. The
slope of the LIIT was considered O

(Abedpoor et al., 2018; Bahadorani et al.,
2019).

Gene expression evaluation (quantitative
real-time PCR)

Heart tissues were snap-frozen in liquid
nitrogen for RNA extraction and preserved
at -80°C. Fnl, Myh6, and Myh7 gene
expression levels were evaluated by real-
time gPCR wusing the SYBR Green
technique. Moreover, total RNAs were
extracted from heart tissue using the
TRIZOL reagent following the
manufacturer's  procedure  (Invitrogen,
Carlsbad, CA). Finally, measurement of
extracted RNAs was conducted to analyze
the purity and concentration of the RNA
samples by NanoDrop spectrophotometer
(Thermo Scientific).

cDNA synthesis was used following the
instructions provided by the Fermentas Kit
(Fermentas, Hanover, MD). The cDNAs
were stored at -80°C for the subsequent
investigation. Using a real-time PCR
cycler and based on the manufacturer's
recommended procedure for the Kit
(TAKARA BIO INC), RT-gPCR using the
SYBR Green technique was conducted
(Rotor-Gene QIAGEN). Primers were
designed in the BEACON primer designer
tool and Oligo 7 software, which is
mentioned in the primer sequences in the
following (forward and reverse): Fnl: 5'-
CTGGTTACCCTTCCACACCC-3, 5"
GGTGACGAAGGGGGTCTTTT-3', Myh6 5
TCATGCGCATTGAGTTCAAGA-3', 5
AGTAGAGCTTCATCCACGGC-3', Myh7 5'-
GGAGAGCATCATGGACCTGG-3, 5"
TCCTGGCGTTGAGTGCATTT-3', Gapdh: F:
5-AGTGCCAGCCTCGTCTCATA-3' and R:
5-GAGAAGGCAGCCCTGGTAAC-3. The
2785CT statistic was used to analyze the
relative expression levels of the appointed
genes with reference to the Gapdh
housekeeping gene.

Screening of genetic factors associated
with myocardial ischemia-reperfusion
injury
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The systematic bioinformatic survey
indicated the significant differential hub
genes in the MI status. This evidence was
obtained from transcriptomic microarray
datasets and showed the expression profile
of genes. The advanced analysis detected
genes  with  significant  differential
expression in the pathogenesis compared
with normal conditions, and strong
molecular techniques should confirm these
gene expression profiles. Based on
bioinformatic ~ analysis,  this  study
determined several hub genes with the
highest degree and betweenness centrality,
and gRT-PCR assessed their expression
profile. Hence, we noticed the hub genes
associated with MI pathogenesis, which
might be introduced as monitoring
biomarkers. To obtain the list of the genes
related to MI, an expression profiling array
with GSE ID: 160516 was browsed in the
Gene  Expression Omnibus (GEO)
database, and bioinformatics analysis to
uncover hub genes implicated in Ml by R
programming language for statistical
computing and graphics. In this study, we
considered  differential expression of
genes with p<0.05 and logarithm Fold
Change (log FC) cut-off +0.03 to
significantly highlight genes with down
and up-regulation patterns. Based on the
Panther database and Kyoto Encyclopedia
of Genes and Genomes (KEGG) we
explored the pathways involved in the Ml
status. Based on bioinformatics analysis,
Fnl, Myh6, and Myh7 were selected for
the experimental assay. On the other hand,
we reviewed the miRWalk databaseand
literature to predict possible microRNAs
that target selected candidate genes.
Finally, the interconnections are plotted
between genes, microRNAs, and MI status
in a comprehensive network.

Virtual screening of Proanthocyanidins

The in-silico study found that Fn1 acted
as a mediator between oxidative stress
agents and cardiac cellular contraction,
regulating the expression of genes and
proteins implicated in cardiac

pathogenicity. Consequently, a
pharmaceutical design approach was
proposed that considers the structure of the
Fnl and Myh7 proteins based on
molecular docking prediction to improve
cardiac tissue in myocardial ischemia-
reperfusion  injury by  employing
proanthocyanidins as a  preventive
compound.  Three-dimensional  (3D)
structures of Fnl (ID: 3m7p) and Myh7
(ID: 4dbl) proteins based on the X-ray
diffraction method were browsed in the
Protein Data Bank server.
Proanthocyanidins' three-dimensional
structure from the PubChem database was
exported in the SDF format. Moreover, the
structures of the Fnl and Myh7 proteins
were prepared and optimized in UCSF
Chimera 1.8.1. PyRx software was used to
predict the binding affinity of
proanthocyanidins to  macromolecules
(Fnl1 and Myh7) in the search box.

Statistical calculating

GraphPad Prism was used for the
statistical analysis of variance (Version 9
Graph Pad Software Inc., La Jolla, CA).
The Kolmogorov-Smirnov  test was
performed for normalizing. Due to the
need to make comparisons across groups,
the one-way analysis of variance
(ANOVA) was used to examine the data.
All analyses considered differences at the
p.value <0.05 level significant. Data are
displayed as mean and standard deviation
(SD).

Results
Hub genes, regulatory factors, and
molecular-cellular  signaling  pathways
involved in the myocardial ischemia-
reperfusion injury based on bioinformatics
prediction

Among the 6127 genes with
significantly differential expression in the
R analysis of the myocardial ischemia-
reperfusion injury dataset, 3007 were
overexpressed, and 3080 were
downregulated considering the p<0.05
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threshold and log FC+0.03 cut-off. The
heat map diagram displays significant
genes with differential expression in the
myocardial ischemia-reperfusion injury
compared to the control samples (p<0.001)
(Figure  l1la). The  protein-protein
interactions (PPIs) network consists of
significant  genes  constructed by
visualizing network parameters such as
betweenness centrality, closeness
centrality, and degree in the CytoScape
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software. This PPIs network marked
significant hub genes (195 hub genes) that
could be involved in the pathophysiology
of myocardial ischemia (Figure 1b). The
enrichment and text mining of significant
hub genes have shown that these genes are
involved in pathological cardiac ischemia-
reperfusion  damage conditions via

molecular signaling pathways (Figure 1c
and Table 1).
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Figure 1. a: The heatmap diagram demonstrates the significant genes with differential expression
in the myocardial ischemia-reperfusion injury vs. sham group (p<0.001). b: The biological
protein-protein interactions network marked 195 significant hub genes with pathogenic
expression levels that could be involved in the pathophysiology of myocardial ischemia-
reperfusion injury. c: The significant molecular signaling pathways specified complications in
the myocardial ischemia-reperfusion injury pathogenesis based on enrichment analysis.
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Table 1. Enrichment analysis of hub genes in Panther database

Term p-Value Corrected p-Value
:)r;l;vr;]argation mediated by chemokine and cytokine signaling 0.00000000000108  0.00000000000454
Integrin signaling pathway 0.000000439 0.00000921
T cell activation 0.00000315 0.0000442
Cytoskeletal regulation by Rho GTPase 0.00000141 0.0000148
Toll receptor signaling pathway 0.0000474 0.000399
Axon guidance mediated by semaphorins 0.000107 0.000749
Huntington disease 0.000199 0.001149
B cell activation 0.000219 0.001149
Ras Pathway 0.000317 0.00133
Interleukin signaling pathway 0.000317 0.00133
p53 pathway feedback loops 2 0.001251 0.004777
FGF signaling pathway 0.001435 0.005024
EGF receptor signaling pathway 0.001569 0.005069
Axon guidance mediated by Slit/Robo 0.001839 0.005518
VEGEF signaling pathway 0.00271 0.007587
Angiogenesis 0.004881 0.012814
Axon guidance mediated by netrin 0.007403 0.01829
Apoptosis signaling pathway 0.014467 0.033755
PDGF signaling pathway 0.016811 0.037161
p53 pathway 0.040564 0.077691
Nicotinic acetylcholine receptor signaling pathway 0.04615 0.077691
Endothelin signaling pathway 0.04615 0.077691
Plasminogen activating cascade 0.046245 0.077691
De novo pyrimidine ribonucleotides biosynthesis 0.046245 0.077691
De novo pyrimidine deoxyribonucleotide biosynthesis 0.046245 0.077691
JAK/STAT signaling pathway 0.05747 0.092836
Parkinson disease 0.061236 0.095255
5-Hydroxytryptamine degradation 0.074061 0.111091
Wnt signaling pathway 0.079843 0.115634
Alzheimer disease-presenilin pathway 0.09363 0.129319

Heterotrimeric G-protein signaling pathway-Gq alpha and Go alpha

mediated pathway 0.09545 0.129319
Hypoxia response via HIF activation 0.10107 0.132654
Interferon-gamma signaling pathway 0.111653 0.137924
Blood coagulation 0.111653 0.137924
FAS signaling pathway 0.116897 0.138613
p38 MAPK pathway 0.122111 0.138613
DNA replication 0.122111 0.138613
Insulin/IGF pathway-protein kinase B signaling cascade 0.157762 0.174368
Oxidative stress response 0.16768 0.180579
P13 kinase pathway 0.206207 0.216517
TGF-beta signaling pathway 0.311459 0.319056
Heterotrimeric G-protein signaling pathway-Gi alpha and Gs alpha 0494266 0494266

mediated pathway
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Prediction of microRNAs for target
genes indicated that miR-29a-3p, miR-
92a-3p, MiR-133a-3p target Myh6 in the
CoDing Sequence (CDS) region, and miR-
133a-3p, miR-92a-3p, miR-181a-5p, and
miR-29a-3p target Myh7 in the CDS
region. We constructed a network to map
out potential repair mechanisms based on
our knowledge of the genes and
microRNAs  involved in  cardiac
dysfunction (Figure 2a). We postulated
that alterations in gene expression and
microRNAs might impair normal activities
of cardiac tissue and result in heart injury
by interfering with crucial signaling
networks. Moreover, the miRPath v.3
servers were used to analyze gene
ontology data and data from the Kyoto

b
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Encyclopedia of Genes and Genomes to
display the significant associations
between  signaling  pathways  and
microRNAs (Figures 2b and c).

Virtual screening results.

Using a molecular docking approach,
we calculated the binding affinity between
a small molecule, proanthocyanidins, and
the main chain of Fnl and MYH?7 proteins,
predicting a suitable docking score
(binding affinity <-5 kcal/mol and
RMSD<?2). Figures 3a and 3b display the
optimal binding affinities for Fnl:
Proanthocyanidins (-8.6 kcal/mol) and
MYHT7: Proanthocyanidins (-10.1
kcal/mol).
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Figure 2. a: Construction of a genetics network of potential microRNAs targeting significant genes
involved in cardiac dysfunction after myocardial ischemia-reperfusion injury. b and c: The signaling
pathways related to appointed microRNAs are shown as a heatmap graph based on Kyoto
Encyclopedia of Genes and Genomes (KEGG) and gene ontology (GO) analysis using a p-value of
0.05, Score type context +, and Fisher's exact test enrichment algorithms, respectively.
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Figure 3. a and b: Molecular docking simulations predicted an optimal binding affinities score <-5 kcal/mol and
RMSD<2 for a potential interaction between proanthocyanins and the FN1 and Myh7 proteins, respectively,

during a virtual screening.

Cardiac troponins I (Tnl) improved by
high-intensity interval training and
consumption of proanthocyanidins

The cardiac troponin |  (Tnl)
concentration was assayed to determine
inducing myocardial ischemia-reperfusion
injury in the rat model (Figure 4a). The
data indicated that the concentration of Tnl
in the myocardial ischemia rat model
significantly increased compared with the
normal group (Figure 4a). Moreover, we
indicated that the concentration of the Tnl
was reduced via consumption of the
Proanthocyanidins and exercise training in
different intensities (low, moderate, and
high-intensity interval training) compared
with the MI group (Figure 4a).
Furthermore, the combination PC+low-
intensity interval training (PC+LIIT),
combination PC+modrate-intensity
interval  training  (PC+MIIT), and
combination PC+high-intensity interval
training (PC+HIIT) significantly decreased
the concentration of the Tnl in comparison
to MI, PC, LIIT, MIT, and HIIT groups
(Figure  4a). In addition, results
demonstrated that the concentration of the
Tnl declined compared with the other
groups. Hence, the data revealed that
PC+HIT improved myocardial ischemia
(Figure 4a).

High-intensity interval training and
consumption of  proanthocyanidins
modified the relative expression of the
Myh6, Myh7, and Nfl

Enhanced Myh7 and Nf1 were found in
the heart of myocardial ischemia rat model
in compression with the normal group
(Figures 4b, c). Moreover, the data
indicated that consumption of
Proanthocyanidins significantly decreased
the expression level of Myh7 and Nfl
(Figures 4b and c). Furthermore, data
demonstrated that different exercise
training intensities reduced the Myh7 and
Nfl genes (Figures 4b, c). Based on these
data, low-, moderate-, and high-intensity
interval training could regulate the
expression level of the Myh7 and Nfl
(Figures 4b and c). In addition, our results
indicated that the combination PC+low-
intensity interval training (PC+LIIT),
combination PC+modrate-intensity
interval  training  (PC+MIIT), and
combination PC+high-intensity interval
training (PC+HIIT) predominantly reduced
the relative expression of Myh7 and Nfl
Vs. M1, PC, LIT, MIIT, and HIIT (Figures
4b, c). Interestingly, the Myh7 and Nfl
expression levels significantly decreased
compared with the other groups. Hence,
the data demonstrated that PC+HIIT was
more favorable than other interventions
(Figures 4b and c).
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Figure 4. The concertation of the troponin I and expression level of the Myh7, Nf1, and Myhé. a.
The concertation of the troponin I (ng/ml), b. The relative expression of the Myh7, c. The relative
expression of the Fnl, d. The relative expression of the Myh6. !: Demonstrates a statistically
significant difference with the PC group at p <0.05, @: Demonstrates a statistically significant
difference with the LIIT group at p<0.05, #: Demonstrates a statistically significant difference
with the PC+LIIT group at p<0.05, $: Demonstrates a statistically significant difference with the
MIIT group at p<0.05, %: Demonstrates a statistically significant difference with the PC+MIIT
group at p<0.05. ~: Demonstrates a statistically significant difference with the HIIT group at

p<0.05.

On the other hand, the expression level
of the Myh6 declined in the MI rats
compared with the normal group (Figure
4c). Furthermore, PC enhanced the
expression level of the Myh6 compared
with the MI group (Figure 4c). Moreover,
low-, moderate-, and high-intensity
interval training modified the relative
expression of the Myh6 (Figure 4c).
Notably, high-intensity interval training
remarkably elevated the expression of the
Myh6 in compression to low- and
moderate-intensity interval training
(Figures 4c). Moreover, the combination
of PC+high-intensity interval training
(PC+HIIT) Vs. other groups significantly
upregulated the expression of the Myh6
(Figure 4c).

High-intensity interval training and
consumption of  Proanthocyanidins
regulated the mir92a-3p, mirl8la-5p,
mir29a-3p, and mirl33a-3p

The expression level of the miR-29a-3p
and miR-133a-3p significantly decreased
in the MI group (Figures 5a, b). Hence,
reducing the miR-29a-3p and miR-133a-3p
led to overexpression of the Myh7 and Nfl
genes in MI conditions (Figures 4b and c).
Moreover, data indicated that
Proanthocyanidins, LIIT, MIIT, and MIIT,
could modify the expression level of the
miR-29a-3p and miR-133a-3p (Figures 5a
and b). Besides, the combinations of
PC+low-intensity interval training
(PC+LIIT), combination PC+modrate-
intensity interval training (PC+MIIT), and
combination PC+high-intensity interval
training (PC+HIIT) significantly
upregulated the expression of miR-29a-3p
and miR-133a-3p (Figures 5a and b). In
addition, data revealed that PC+HIIT
predominantly enhanced the expression of
miR-29a-3p and miR-133a-3p compared
with the other groups (Figures 5a, b).
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On the other hand, the expression level
of the miR-92a-3p and miR-181a-5p,
which could target the Myh6 genes,
significantly increased in MI conditions
compared with Normal (Figures 5¢ and d).
Furthermore, the Proanthocyanidins and
exercise training in different intensity
programs (low-, moderate-, and high-
intensity interval training) decreased the
expression level of the miR-92a-3p and
miR-181a-5p compared with the MI group
(Figures 5c, d). Moreover, high-intensity
interval training reduced the expression

mir29a-3p

Relative Expression

Relative Expression

level of these miIRNAs compared with the
PC, LIIT, and MIIT groups (Figures 5c
and d). Interestingly, combining the
Proanthocyanidins and exercise training in
different intensity programs reduced the
expression level of the miR-92a-3p and
miR-181a-5p. Notably, data determined
that the combination of PC+high-intensity
interval training (PC+HIIT) downregulated
the expression of the miR-92a-3p and
miR-181a-5p compared with the other
groups (Figures 5c and d).

1.5+ mir133a-3p

Relative Expression

Relative Expression

Figure 5. Expression level of miR-29a-3p, miR-133a-3p, miR-92a-3p, and miR-181a-5p. a. The
relative expression of miR-29a-3p, b. The relative expression of the miR-133a-3p, c. The relative
expression of the miR-181a-5p, d. The relative expression of the miR-92a-3p. !: Demonstrates a
statistically significant difference with the PC group at p <0.05, @: Demonstrates a statistically
significant difference with the LIIT group at p<0.05, #: Demonstrates a statistically significant
difference with the PC+LIIT group at p<0.05, $: Demonstrates a statistically significant difference
with the MIIT group at p<0.05, %: Demonstrates a statistically significant difference with the
PC+MIIT group at p<0.05. ~: Demonstrates a statistically significant difference with the HIIT group

at p<0.05.

Discussion

This study sought to determine the
association between candidate miRNAs
and hub genes in MI conditions. We
evaluated the different intensity exercise
training and consumption of the
Proanthocyanidins on alteration of the

selected hub genes and miRNAs in
myocardial ischemia-reperfusion injury
rats.

Myocardial dysfunctions were linked to
specific molecular signaling pathways.
Based on the bioinformatics analysis,
Myh6, Myh7, and Fnl were selected to
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have pivotal roles in cardiac cell
contraction and ischemic cardiomyopathy.
A previous study by Chen et al. revealed
that myhe6 is the pivotal hub gene involved
in myocardial ischemia pathogenesis with
lower expression levels in coronary artery
disease, heart failure, and acute Ml (Chen
etal., 2021).

On the other hand, Broadwell attributed
the contractile function of cardiac muscle
to the expression balance of Myh6/Myh7
(10%:90%) and showed that this ratio
could be crucial in cardiac dysfunction
(Broadwell, 2022). In this study, our data
indicated that the expression level of Myh6
was decreased, and the Myh7 expression
level was upregulated in the MI.

Moreover, the relative expression of
Fnl in the MI group was elevated
compared to the normal group. Immense
evidence has indicated that Fnl expression
is upregulated in MI. Furthermore, Fnl
polymerization is needed for collagen
sediment and plays a vital position in
myocardial ischemia/reperfusion injury-
induced inflammation, myocardial fibrosis,
and neovascular formation after infarction
(Konstandin et al., 2013; Valiente-Alandi

etal., 2018).

The medical treatment of
cardiovascular illnesses may benefit from
complementary medicine and

commercial/conventional pharmaceutical
medication. The most common forms of
complementary medicine are herbal
remedies and regular physical activity
(Adib-Hajbaghery et al., 2021). Grape seed
oil is commonly believed to be a healthy
diet due to its presumed anti-cancer, anti-
inflammatory,  anti-thrombotic,  anti-
diabetic, and cardioprotective properties
(Habib et al., 2022). Growing evidence has
indicated that grape seed compounds could
regulate several pathomechanisms, such as
oxidative stress, inflammation, PI3K/Akt
signaling pathway, and cardiac muscle
contraction (Sochorova et al.,, 2020).
Oueslati et al. found that high-dosage
grape seed and skin extract (GSE; 4 g/kg)
is a safe and effective antioxidant for the

treatment of diabetes complications by
reducing oxidative stress and renal
dysfunction in diabetic rats (Oueslati et al.,
2016). Ruan et al. found that consuming
proanthocyanidins reduced histological
hallmarks of myocardial ischemia in Ml
mice (Ruan et al., 2020). They also found
that proanthocyanidin protected the heart
from hypoxia by preventing apoptosis and
reducing the expression of the PI3K-AKT
pathway (Ruan et al., 2020). Shao et al.
reported that proanthocyanidin bioactive
compound consumption inhibited the
relative expression of miR-9, a miRNA
that targets ACAT1 (Shao et al., 2020).
Proanthocyanidins  probably  reduced
ACATL1 expression by increasing miR-9
expression, reducing intracellular lipid
accumulation, and blocking the production
of macrophage foam cells. MiR-9 mimic
and its inhibitor further confirmed this
hypothesis (Shao et al., 2020). Several
miRNAs can control cholesterol efflux in
macrophages, including miR-33, miR-19b,
miR-144, etc., by directly targeting
ABCA1 or both ABCAL and ABCG1. As
a result, macrophage foam cell
development may be controlled by
applying miRNA to the appropriate target
(Hajibabaie et al., 2020; Lv et al., 2014;
Ouimet et al., 2015).

Hence, in this study, the data indicated
that consumption of the proanthocyanidins
compound significantly regulated the
expression level of the Myh7, Nfl, and
Myh6 hub genes and their candidate
miRNAs. Furthermore, the  data
demonstrated that miR-29a-3p, miR-133a-
3p, miR-92a-3p, and miR-181a-5p could
be biomarkers and regulators for rat
cardiac injury. In-silico data analysis
revealed that miR-29a-3p and miR-133a-
3p could bind the Myh7 gene, and miR-
92a-3p and miR-181a-5p could target the
Myh6 gene.

We evaluated Myh7, Myh6, and Nfl
expression levels as candidate genes in MI.
Moreover, the data indicated that the
expression level of miR-29a-3p and miR-
133a-3p decreased, and the expression of
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miR-92a-3p and miR-181a-5p increased in
the MI condition. Besides, based on our
result, the combination of PC+high-
intensity interval training (PC+HIIT)
enhanced the expression of the miR-92a-
3p and miR-181a-5p targeted the Myh6
gene compared to other groups.
Furthermore, data demonstrated that high-
intensity interval training along with
Proanthocyanidins could downregulate the
miR-29a-3p and miR-133a-3p.

Exercise training with various protocols
could prevent and minimize heart tissue
damage during ischemia. Based on the
literature review and data mining, the
different intensities of exercise training
might be an affordable and practical
approach to managing and halting MI.
Therefore, increasing exercise intensity
and maximizing Vo> max may protect
against MI. In addition, several studies
have indicated that miRNAs could be
crucial mediators of processes associated
with exercise training adaption, including
hypertrophies, angiogenesis, and cardiac
muscle atherosclerosis (Fernandes et al.,
2015). Therefore, exercise was
hypothesized to protect cardiac tissue by
reprogramming mIiRNAs, genes, and
regulatory genetic factors. Data revealed
that exercise training with the various
intensity training protocols (low, moderate,
and high) could regulate the expression
level of Myh7, Nfl, and Myh6 genes and
their candidate miRNAs (miR-29a-3p and
miR-133a-3p bound to the Myh7 and Nfl
genes and also miR-92a-3p and miR-181a-
5p targeted the Myh6 gene) in Ml rats.

Interestingly, results demonstrated that
among these different protocols, high-
intensity interval training was more
effective on the expression of miR-29a-3p,
miR-133a-3p, miR-92a-3p, and miR-181a-
5p in the MI condition. Exercise training
has enhanced cardiac function, boosted

oxidative phosphorylation, induced
reactive oxygen species (ROS)
detoxification, and increased

mitochondrial size, number, and clearance.
Thus, it was hypothesized that consistent

training might preserve cardiac tissue by
altering the expression of genes and other
genetic variables (French et al., 2008;
Wang et al, 2015). Nevertheless,
reperfusion-induced restoration of
oxidative phosphorylation and
regeneration of mitochondrial membranes
can trigger a cascade of ROS, necrotic cell
death, and calcium excess in cardiac cells
(Joiner et al., 2012). Fathi investigated the
effect of 14 weeks of endurance training
(30m/min, 50 min /session) on the
expression of the myh6 gene in the left
ventricular of rats. According to the results
of this study, endurance exercise training,
along with structural and functional
modifications in the left ventricle, yields
differences in the gene level and thereby
increases the contractility of the heart
(Fathi, 2016).

On the other hand, data demonstrated
that the interactions between
proanthocyanidins compounds and
exercise training in different intensities
greatly affected the expression level of the
selected hub genes and miRNAs. The data
designated that the combination of
PC+low-intensity interval training
(PC+LIIT), the combination of
PC+modrate-intensity interval training
(PC+MIIT), and the combination of
PC+high-intensity interval training
(PC+HIT) modified and regulated the
relative expression of the Myh7, Nfl, and
Myh6 genes and their candidate miRNAs
(mir29a-3p and mirl33a-3p bound to the
Myh7 and Nfl genes and mir92a-3p and
mirl8la-5p targeted the Myh6 gene) in Ml
rats. Based on these data, we could
conclude that the PC interaction with three
types of exercises (low, moderate, and
high-intensity interval training) had a
synergic effect compared with the other
groups.

Overall, the data indicated that
proanthocyanidins consumption as a
bioactive compound might significantly
protect myocardial dysfunction after
myocardial ischemia-reperfusion injury
induced by isoproterenol hydrochloride

AJP, Vol. 15, No. 1, Jan-Feb 2025 886



Proanthocyanidins and exercise training improved the M.

and offset pathological hallmarks of MI.
Moreover, exercise has a preventive
impact on  myocardial ischemia-
reperfusion injury by reprogramming
genes and genetic regulator factors.
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