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Research Article
Abstract

Background and Objective: Cardiac mitochondrial dysfunction is well recognized in ischemic heart disease, and
mitochondria appear to play an important role in the exercise-induced cardioprotective effects observed after myocardial
infarction. Brief, intermittent periods of blood-flow occlusion protect the heart from injury; however, the underlying
mechanism remains unclear. This study aimed to determine the effects of intermittent leg blood-flow occlusion and aerobic
exercise on cardiac mitochondrial dynamics in a rat model of myocardial infarction.

Methods: This experimental study included 25 male Wistar rats aged 8-10 weeks and was conducted at the Histogenotech
Laboratory Animal Breeding and Maintenance Center in Tehran. The animals were divided into five groups of five: healthy
control, myocardial infarction, myocardial infarction plus occlusion, myocardial infarction plus exercise, and myocardial
infarction plus exercise and occlusion. Myocardial infarction was induced by two intraperitoneal doses of isoproterenol (100
mg/kg.day). Intermittent leg blood-flow occlusion comprised three cycles of 5-minute occlusion followed by 5-minute
reperfusion. Aerobic exercise was performed five days per week for six weeks. MFN1 and Drpl gene expression was
measured using real-time PCR.

Results: Compared with the healthy group, myocardial infarction was associated with decreased cardiac MFN1 expression
(0.120£0.013 vs 1.003+0.095) and increased Drpl expression (4.937+0.209 vs 1.011+0.184) (P<0.05). Compared with the
myocardial infarction group, MFN1 increased and Drpl decreased significantly in the occlusion (MFN1=0.298+0.028;
Drp1=3.99+0.136), exercise = (MFN1=0.409+0.010; Drp1=3.57+0.432), and exercise-plus-occlusion  groups
(MFN1=0.659+0.027; Drp1=1.765+0.022; P<0.05).

Conclusion: Aerobic exercise and intermittent leg blood-flow occlusion improve cardiac mitochondrial dynamics by
regulating mitochondrial fission and fusion in male rats with myocardial infarction. Combining aerobic exercise with
intermittent blood-flow occlusion produces a greater effect.
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Introduction

Myocardial infarction, the principal manifestation of ischemic
heart disease, remains a leading cause of morbidity and mortality
worldwide. Its underlying pathophysiology is characterized by
acute coronary artery occlusion, which causes myocardial
ischemia followed by ischemia-reperfusion injury after blood
flow is restored. This complex cascade culminates in
cardiomyocyte death, inflammation, and adverse cardiac
remodeling, ultimately predisposing the individual to heart
failure. Mitochondria, as central organelles regulating cellular
bioenergetics, calcium homeostasis, redox signaling, and
programmed cell-death pathways, are critically involved in the
pathogenesis of myocardial infarction and ischemia-reperfusion
injury. Beyond their metabolic roles, the structural and
functional integrity of the mitochondrial network is regulated by
a complex set of processes known as mitochondrial dynamics.
These dynamic processes include fusion (mediated by mitofusins
Mfnl and Mfn2 and Optic Atrophy Protein-1, OPAL), fission
(mediated by dynamin-related peptide-1, Drpl), mitophagy
(including the PINKZ1/Parkin pathways), and biogenesis (the
production of new mitochondria). The precisely regulated
balance among these processes, particularly between fission and
fusion, is essential for mitochondrial quality control, adaptation
to metabolic demands, and cellular resilience to stress. The role
of disrupted mitochondrial dynamics in the harmful
consequences of myocardial infarction has been established.
Pharmacological or genetic inhibition of Drpl-mediated fission
can provide substantial cardioprotection in preclinical models of
myocardial infarction. Moreover, reduced Mfn2 or OPAl
expression or activity during ischemia-reperfusion can disrupt
mitochondrial network integrity and thereby aggravate
mitochondrial dysfunction and cellular vulnerability.

Ischemic preconditioning is a potential therapeutic intervention
for cardiovascular diseases and consists of brief, intermittent
periods of blood-flow occlusion followed by restoration of blood
flow (reperfusion) in a specific tissue or organ, thereby inducing
protective effects in that tissue.

This study aimed to determine the effects of intermittent leg
blood-flow occlusion and aerobic exercise on cardiac
mitochondrial dynamics in a rat model of myocardial infarction.

Methods

This experimental study was conducted on 25 male Wistar rats
aged 8-10 weeks at the Histogenotech Laboratory Animal
Breeding and Maintenance Center in Tehran.

The experimental animal protocol was observed. Animals were
housed under controlled environmental conditions (temperature,
22+2°C; humidity, 50+5%; and a 12-hour light-dark cycle) with
a standard diet and water. A total of 5 rats were separated as the
healthy group. After myocardial infarction was induced, the
remaining animals were randomly assigned to 4 groups:
myocardial infarction, aerobic exercise, blood-flow occlusion,
and blood-flow occlusion+aerobic exercise.

To establish the experimental myocardial infarction model,
isoproterenol (100 mg/kg body weight, dissolved in normal
saline) was injected intraperitoneally on two consecutive days at
an interval of 24 hours. Two days after isoproterenol injection,
myocardial infarction was confirmed in accordance with
previous studies by collecting blood from the retro-orbital sinus
of the healthy and infarction groups and comparing serum levels
of cardiac troponin, creatine kinase (CK), and lactate
dehydrogenase (LDH).

The exercise and intermittent leg blood-flow occlusion
protocols began one week after myocardial infarction induction.
During a two-week period of adaptation to the laboratory

environment, rats in the exercise groups were familiarized with
treadmill activity for one week. Familiarization comprised 5
running sessions of 5 minutes at a speed of 8-10 m/min and a
zero-percent incline. The aerobic exercise protocol was then
performed on a rodent treadmill for eight weeks, five days per
week. Exercise intensity and duration were progressively
increased: 15 minutes at 10 m/min in weeks one and two; 20
minutes at 15 m/min in weeks three and four; 25 minutes at 20
m/min in weeks five and six; and 30 minutes at 25 m/min in
weeks seven and eight. The treadmill incline remained fixed at
5% throughout training. Each exercise session included a
5-minute warm-up and a 5-minute cool-down at 5 m/min.

Intermittent  blood-flow occlusion involved placing a
tourniquet (8 mm wide) around the upper portion of both thighs
and applying three 5-minute periods of intermittent ischemia
alternating with three 5-minute periods of reperfusion, for a total
of 30 minutes. Blood-flow occlusion during ischemia was
confirmed using clinical signs, including absence of a pulse,
reduced limb temperature, and cutaneous cyanosis. Pulse
absence was assessed with a pulse sensor placed over the
dorsalis pedis artery (the continuation of the anterior tibial artery
on the anterior ankle, lateral to the extensor hallucis longus
tendon). In the occlusion+exercise group, intermittent blood-
flow occlusion was applied 20 minutes before each exercise
session. The first 5-minute ischemic cycle was initiated 45
minutes before exercise and followed by 5 minutes of
reperfusion. These occlusion-reperfusion cycles were repeated
three times, and aerobic activity began 20 minutes after
completion of the final ischemic period.

At 48 hours after the final exercise session, the animals were
anesthetized at rest and after fasting by intraperitoneal injection
of a combination of ketamine (70 mg/kg) and xylazine (3-5
mg/kg). Their hearts were removed and placed in liquid
nitrogen.

MFN1 and DRP1 gene expression was measured using Real-
Time PCR. At the end of the experiment, the CT values for the
reference and target genes in each sample were used to calculate
relative expression of each gene using the 24T formula.

For data analysis, normality was first assessed using the
Shapiro-Wilk test. Differences were then evaluated by one-way
analysis of variance and Tukey's post hoc test using SPSS-27
statistical software. A significance level of less than 0.05 was
used.

Results

Cardiac creatine kinase, lactate dehydrogenase, and troponin
activities were significantly increased by isoproterenol injection
in the myocardial infarction group compared with the control
group.

Cardiac tissue FMN1 gene expression was significantly lower
in the myocardial infarction group than in the healthy group
(P<0.0001). Compared with the myocardial infarction group, the
blood-flow occlusion (P<0.0032), aerobic exercise (P<0.0001),
and aerobic exercise+occlusion (P<0.0001) groups showed
significantly increased cardiac FMN1 expression. FMN1
expression was significantly higher in the exercise+occlusion
group than in the blood-flow occlusion (P<0.0001) and aerobic
exercise (P<0.0001) groups. There was no statistically
significant difference between the exercise and blood-flow
occlusion groups.

Cardiac tissue DRP1 gene expression was significantly higher
in the myocardial infarction group than in the healthy group
(P<0.0001). Aerobic exercise (P<0.0001), blood-flow occlusion
(P<0.0017), and exercise+occlusion (P<0.0001) significantly
reduced cardiac DRP1 expression compared with the myocardial
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infarction group. DRP1 expression was significantly lower in the
exercise+occlusion group than in the blood-flow occlusion
(P<0.0012) and exercise (P<0.0001) groups. There was no
statistically significant difference between the exercise and
blood-flow occlusion groups.

Conclusion

According to the present findings, myocardial infarction was
associated with reduced MFN1 gene expression and increased
DRP1 gene expression in cardiac tissue. Aerobic exercise and
intermittent leg blood-flow occlusion, both individually and in
combination, increased MFN1 expression and reduced DRP1
expression, with greater changes in the exercise+occlusion group
than with exercise or ischemia alone. Brief intermittent periods
of leg blood-flow occlusion can enhance the beneficial effects of
aerobic exercise on cardiac mitochondrial dynamics in a rat
model of myocardial infarction. Furthermore, part of the
cardioprotective effect of brief intermittent blood-flow occlusion
may result from improved mitochondrial dynamics.
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