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Abstract

Aim: Myocardial ischemia/reperfusion injury (MI/RI) is one of the determining factors of
cardiovascular disease disorders, which is associated with cell death caused by inflammation
and impaired activity of deubiquitinating proteins. The aim of the present study was to determine
the effect of Interval aerobic training on the expression of A20 and CYLD proteins in the heart
tissue of male myocardial infarction model mice. Methods: In this experimental study, 30 16-
week-old male Wistar rats weighing 220 to 280 gr were randomly divided into three groups:
control (healthy), myocardial infarction (MI), and interval training. Myocardial infarction was
performed by direct intervention with LAD occlusion for 30 minutes. Interval protocol with
moderate intensity of 60 minutes of intermittent running on a treadmill, each interval including Scan this QR code to see the
4 minutes of running with an intensity of 65-70% of VO2max and 2 minutes of active recovery ~accompanying video, or visit

with an intensity of 50-60% of VO2max, three days a week and for 8 weeks. Western blotting jahssp.azaruniv.ac.ir

was used to examine the expression of A20 and CYLD proteins. Data were compared using one-

way analysis of variance and Tukey's post hoc test at a significance level of p<0.05. Result: The 1. Department of Exercise
result of Tukey's post hoc test for the A20 variable showed that the expression level of this Physiology, Faculty of
protein in the MI group was significantly lower than that of the healthy control group (p=0.01). Educational  Sciences  and
Also, the expression level of A20 protein in the interval training+MI group was significantly Psychology,  University  of
increased compared to the MI group and the healthy control group (p=0.001, p=0.03, Mohaghegh Ardabili, Ardabil,

respectively). The results showed that although the expression level of CYLD protein in the Ml
group was reduced compared to the healthy control group; but it was not statistically significant
(p=0.06). Also, the expression level of CYLD protein in the interval training+MI group was . .
increased compared to the healthy control and MI groups (p=0.01, p=0.001, respectively). (rostami.n86@gmail.com)
Conclusion: Interval aerobic training may prevent inflammation-induced cell death by

increasing the expression of cardiac A20 and CYLD proteins. Therefore, Interval aerobic

training can be suggested as an effective non-pharmacological intervention in the management

and treatment of inflammation associated with myocardial infarction. However, due to the lack

of evidence and research limitations, further investigation is still required.
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Extended abstract
Background

Myocardial ischemia/reperfusion injury (MI/RI) is one of the determining factors of cardiovascular disease disorders,
which is associated with cell death caused by inflammation and impaired activity of deubiquitinating proteins. The aim
of the present study was to determine the effect of Interval aerobic training on the expression of A20 and CYLD proteins
in the heart tissue of male myocardial infarction model mice.

Materials and Methods

Experimental design

In this experimental study, 30 16-week-old male Wistar rats weighing 220 to 280 gr were randomly divided into three
groups: control (healthy), myocardial infarction (MI), and interval training. Myocardial infarction was performed by direct
intervention with LAD occlusion for 30 minutes. All animal experiments were done according to ethical guidelines and
license of University of Mohaghegh Ardabili with IR number. IR.UMA.REC.1403.012 is done.

Training protocol

Determination of speed vVO2max of rats: First, an exercise capacity test was performed to estimate VO2max. For this
purpose, each rat first warmed up for 10 minutes at a speed of 10 m/min and a slope of 10 degrees. Then, an incremental
exercise test was started, in which the incline of the treadmill was fixed at 25 degrees and every two minutes, the speed
of the treadmill was increased by 0.03 m/s (about 1.8-2 m/min) until the rat was unable to continue the exercise activity
(the criterion was 3 falls on the shock or exiting the treadmill). The speed of reaching exhaustion was recorded as the
speed vvVO2max.

High-intensity interval training protocol: Interval protocol with moderate intensity of 60 minutes of intermittent
running on a treadmill, each interval including 4 minutes of running with an intensity of 65-70% of VO2max and 2
minutes of active recovery with an intensity of 50-60% of VO2max, three days a week and for 8 weeks.

Extraction of laboratory animal tissue: After the intervention, the rats were dissected. For dissection, the rats were first
anesthetized with ketamine (150 mg/kg) and xylazine (15 mg/kg), then placed on their backs on the dissection board,
their arms and legs were stretched and tied in a cruciform position, and finally, after cutting and removing the superficial
tissues, the heart muscle was removed. Tissue samples were extracted by homogenization in lysis buffer with a
concentration of 100 mg of tissue per ml of buffer. The homogenized samples were centrifuged on ice for 40 minutes at
12,000 rpm. Then, the superficial part of the centrifuge was collected and stored at -80°C until analysis.

Assessment of studied factors: In this study, the expression of cardiac A20 and CYLD proteins was measured. For this
purpose, the primary antibodies A20 (A20/TNFAIP3 Antibody (59A426):5¢-52910) and CYLD (cylindromatosis 1
Antibody (E-10):sc-74435) were diluted 1:500 in antibody binding buffer overnight at 4°C. Then, the immunoblotted
samples were washed three times in TBS buffer for 10 minutes and then incubated in secondary antibody solution diluted
1:500 for one hour. Subsequently, the immunoblotted proteins were detected using ECL luminal reagent (Santa Cruz
Biotechnology) after washing three times in TBS buffer. Then, after being covered with a nylon sheet, the radiographic
film was exposed to luminescence light and the density of the bands was determined after normalization with beta-actin
using software (Image J, Maryland, USA).

Statistical analysis

After collecting data and calculating the mean and standard deviation of data using descriptive statistics, Shapiro Wilk
test was used to determine the normal distribution of data. Data were compared using one-way analysis of variance and
Tukey's post hoc test at a significance level of p<0.05.

Results

The result of Tukey's post hoc test for the A20 variable showed that the expression level of this protein in the MI group
was significantly lower than that of the healthy control group (p=0.01). Also, the expression level of A20 protein in the
interval training+MI group was significantly increased compared to the MI group and the healthy control group (p=0.001,
p=0.03, respectively). The results showed that although the expression level of CYLD protein in the MI group was reduced
compared to the healthy control group; but it was not statistically significant (p=0.06). Also, the expression level of CYLD
protein in the interval training+MI group was increased compared to the healthy control and MI groups (p=0.01, p=0.001,
respectively).
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Discussion

It is thought that the decrease in the expression of cardiac A20 and CYLD proteins occurred as a regulatory response to
inhibit excessive inflammation and protect cardiac tissue from further damage. Studies show that myocardial ischemia
increases inflammatory cytokines and exacerbates cardiomyocyte cell death, which is associated with structural and
functional damage to the myocardium. Several studies have shown that deubiquitinases act as important molecular
switches by regulating signaling pathways including: cellular inflammation, apoptosis, autophagy, mitochondrial
homeostasis, degradation, localization, and protein function by reversing substrate ubiquitination, and play a role in the
progression of various diseases including cardiovascular disorders and metabolic changes. Very few studies have
investigated the effect of interval training on the expression of deubiquitinated proteins A20 and CYLD; however, some
possible mechanisms can be proposed based on existing physiological and molecular processes. Deubiquitination
enzymes (DUBSs) play a crucial role in regulating inflammation-induced cell death. These enzymes control inflammatory
signaling and regulate cell death pathways such as apoptosis and necrosis by removing ubiquitin groups from proteins (7,
46). It is likely that interval training, by manipulating and increasing the expression of A20 and CYLD genes, is associated
with reduced ubiquitination of molecules such as RIPK1 and RIPK3, preventing the activation of the inflammation-
induced cell death pathway and necroptosis. This process protects cells from TNF-a-induced cell death and inflammation
(47). Aerobic exercise is also associated with increased antioxidant capacity, reduced production of reactive oxygen
species, and oxidative stress (48); reducing oxidative stress can improve the activity of DUBs such as A20 and CYLD,
as these enzymes are downregulated under conditions of high oxidative stress (19). On the other hand, aerobic exercise,
due to its anti-inflammatory effects, is likely to reduce TNF-a levels and TNFR1 expression, thereby reducing the
sensitivity of cells to TNF-o. These changes in inflammatory signaling directly affect the expression of deubiquitinated
proteins (DUBs) such as A20 and CYLD (49).

Article message

According to the research findings, interval aerobic training may prevent inflammation-induced cell death by increasing
the expression of cardiac A20 and CYLD proteins. Therefore, Interval aerobic training can be suggested as an effective
non-pharmacological intervention in the management and treatment of inflammation associated with myocardial
infarction. However, due to the lack of evidence and research limitations, further investigation is still required.
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