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ARTICLE INFO Abstract
Background. Endoplasmic reticulum stress contributes to the development of
Article History: cardiovascular diseases. In contrast, regular physical exercise has been considered a
Received: 6 Jun 2025 powerful tool to prevent and control cardiovascular diseases. Ischemic preconditioning
Revised: 14 Nov 2025 has a protective effect against myocardial injury; however, its effects remain unclear when
Accepted: 18 Nov 2025 combined with exercise training. The present study aimed to investigate the effect of
ePublished: 9 Dec 2025 aerobic training and remote ischemic preconditioning on myocardial BIP and elF2a gene
expression in male rats with myocardial infarction.
Keywords: Methods. In this experimental research, a total of 25 male Wistar rats were randomly
e Aecrobic training divided into five groups: control, infarction, infarction ischemia, infarction aerobic
e Cardiovascular diseases training, and infarction ischemia + training. Myocardial infarction was induced by
e Endoplasmic reticulum injection of Isoproterenol (100 mg/kg/day) for two consecutive days. Remote ischemic
o [schemic preconditioning was conducted by tightening a tourniquet around the upper thighs and
preconditioning included three 5-minute cycles of ischemia, followed by 5 minutes of reperfusion. The

aerobic training was performed 5 sessions per week for 8 weeks. BIP and elF2a gene
expression was measured by RT-PCR method. Data were analyzed using one-way
ANOVA test.

Results. BIP and elF2a gene expression significantly increased in the infarction group
compared to the control group (P<0.01). There was a significant decrease in BIP and
elF2a gene expression in ischemia, aerobic training, and ischemiattraining groups
compared to the infarction group (P<0.01).

Conclusion. It seems that remote ischemic preconditioning and aerobic exercise reduce
cardiac BIP and elF2a gene expression in mice with myocardial infarction; however,
aerobic exercise combined with remote ischemic preconditioning is more effective.
Practical Implications. The use of remote ischemic preconditioning combined with
aerobic exercise may exert a cardioprotective effect against cardiac injuries by mitigating
endoplasmic reticulum stress in the heart.
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Extended Abstract

Background

The endoplasmic reticulum (ER) is a cellular  Oxidative stress and ischemia disrupt calcium
organelle that regulates calcium homeostasis, = homeostasis, leading to the accumulation of misfolded
facilitates protein folding, and synthesizes lipids. and unfolded proteins, which in turn induces

*Corresponding author; Email: af.hessari@gmail.com
© 2025 The Authors. This is an Open Access article published by Tabriz University of Medical Sciences under the terms of the Creative Commons
Attribution CC BY 4.0 License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.


https://doi.org/10.34172/mj.025.34061
https://mj.tbzmed.ac.ir/
mailto:af.hessari@gmail.com
https://www.ncbi.nlm.nih.gov/mesh/68059865
https://www.ncbi.nlm.nih.gov/mesh/68019194
https://www.ncbi.nlm.nih.gov/mesh/68019194
https://doi.org/10.34172/mj.025.34061
https://orcid.org/0009-0007-4852-7070
https://orcid.org/0000-0003-3477-8286
https://orcid.org/0000-0003-2182-3068
https://orcid.org/0000-0003-2987-8266

Ghorbanipor, et al.

endoplasmic reticulum stress. It has been revealed that
ER stress is a primary cause of cardiovascular
diseases. However, 3 signaling pathways implicated in
cell apoptosis are activated by myocardial infarction-
induced high ER stress. Aerobic exercise training
enhances exercise capacity and heart function and
prevents cardiac remodeling; therefore, it is an
effective adjuvant therapy for the prevention and
treatment of a variety of cardiovascular disorders.
Aerobic exercise training has a variety of positive
effects on the heart, including oxidative stress
reduction, mitochondrial dysfunction, and calcium
imbalance. Moreover, ischemic preconditioning (IPC)
is a treatment strategy that has consistently
demonstrated a reduction in the extent of acute
myocardial infarction in animal models. I[PC entails a
transient phase of sublethal local tissue ischemia that
provides protection against subsequent lethal
ischemia; however, its effects remain unclear when
combined with exercise training. The present study
aimed to investigate the effect of aerobic training and
IPC on myocardial BIP and elF2a gene expression in
rats with myocardial infarction.

Methods

In this experimental study with a rigorous multi-
group post-test design, 25 male Wistar rats (age: 8
weeks; weight: 225+1 g) were randomly divided into
5 groups: control, infarction, infarction ischemia,
infarction aerobic training, and infarction ischemia +
training. To establish the experimental model of
myocardial infarction, isoproterenol dissolved in
normal saline was administered by subcutaneous
injection at a dose of 100 mg/kg. The injections were
performed for two consecutive days with a 24-hour
interval between doses. The occurrence of myocardial
infarction was confirmed by comparing the level of
troponin and the activity of circulating creatine kinase
and cardiac lactate dehydrogenase enzymes in blood
samples taken from the medial canthus of the eye in
both healthy and myocardial infarction groups. IPC
was conducted by tightening a tourniquet around the
upper hind limb and releasing it for three cycles. Each
cycle comprises 5-minute ischemia and S5-minute
reperfusion. Aerobic exercise commenced 20 minutes
after the final ischemia cycle. The blood flow of the

hind limb was completely blocked and confirmed by
the disappearance of the pulse, hypothermia, and
cyanosis of the limb. The aerobic exercise protocol
was implemented 5 days per week for 8 weeks,
including treadmill running. In weeks 1 and 2, the rats
ran at 10 m/min for 15 minutes. In weeks 3 and 4, the
speed was increased to 15 m/min for 20 minutes. In
weeks 5 and 6, the exercise included running at 20
m/min for 25 minutes, and in weeks 7 and 8, the
animals ran at 25 m/min for 30 minutes. The treadmill
incline remained constant at 5% throughout the entire
training period. Then, the animals were anesthetized
48 hours after the last exercise session, and heart
tissues were removed. BIP and elF2a gene expression
was measured by the RT-PCR method. Data were
analyzed using one-way ANOVA and Tukey's post
hoc tests. The level of statistical significance was set
at P<0.05.

Results

The results of the one-way analysis of variance
(ANOVA) indicated that there was a significant
difference in the myocardial BIP gene expression
among the research groups (F=99.71, P=0.0001). The
results showed that myocardial infarction resulted in a
significant increase in myocardial BIP gene
expression compared to the control group (P=0.0001).
The results of the Tukey's post hoc test indicated that
there was a significant decrease in the expression of
the BIP gene in the infarction ischemia (P=0.001),
infarction training (P=0.001), and infarction
ischemia+training groups (P=0.001) compared to the
infarction group. The ischemiattraining group
showed a significant decrease in BIP gene expression
compared the infarction ischemia group (P=0.002)
and the infarction training group (P=0.003).
Additionally, there was no significant difference
between the infarction ischemia and infarction
training groups (P=0.991).

Considering elF2o gene, there was a significant
difference among the research groups (F=53.97,
P=0.0001). The results indicated that the infarction
group showed a significant increase in myocardial
elF2a gene expression compared to the control group
(P=0.0001). Additionally, infarction ischemia
(P=0.0009), infarction training (P=0.0094), and
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infarction ischemiattraining groups (P=0.0001)
showed a significant decrease in elF2a gene
expression compared to infarction group. In ischemia
+ training group, elF2a gene expression was lower
compared to the infarction ischemia group (P=0.0004)
and infarction training group (P=0.0014). There was
no significant difference between the infarction
ischemia group and the infarction training group
(P=0.822).

Conclusion

It appears that the induction of myocardial
infarction was associated with cardiac endoplasmic
reticulum stress in Wistar rats, as evidenced by an

increase in the expression of BIP and e[F2a genes. Our
findings suggest that remote ischemic preconditioning
may increase the efficacy of aerobic exercise in
reducing endoplasmic reticulum stress markers in
cardiac tissue following myocardial infarction. The
beneficial effect of remote ischemic preconditioning
appears to be independent of the volume of muscle
mass involved. These results represent a potential step
towards controlling and mitigating cardiac damage in

myocardial  infarction. = Nevertheless, further
investigation is needed to better understand the
mechanisms underlying myocardial infarction-
induced ER stress.
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