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Abstract

Aim: Type 2 diabetes is a complex metabolic disorder characterized by insulin resistance and
glucose dysregulation. It is a major concern of the World Health Organization, affecting millions
of people worldwide. The purpose of this study was to investigate the effect of 8 weeks of high-
intensity interval training on the expression of activating transcription factor-6 (ATF-6) and
C/EBP homologue (CHOP) proteins in liver tissue in rats with type 2 diabetes. Method: The
current study was experimental with a post-test design with a control group. A number of 24
Wistar male rats, aged 6 weeks and weighing approximately 200-250 grams, were obtained from
the Pasteur Institute of Iran. Rats were randomly divided into 3 groups of 8 high intensity interval
training (HIIT) diabetic, diabetic control and healthy control. The training groups performed 5
HIIT training sessions on the treadmill during 8 weeks and each week (the training protocol was  Scan this QR code to see the
8 weeks of interval training, 5 sessions per week with intense 2-minute intervals with 2-8 accompanying video, or visit

repetitions and 80-90 The percentage of maximum running speed and 1-minute rest intervals jahssp.azaruniv.ac.ir

were performed with 50-56% of maximum running speed. After 48 hours from the last training

session and after fasting days, all rats were anesthetized and liver tissue was harvested. Thedata 1. Ph.d student of department of

were analyzed by one-way analysis of variance (ANOVA).Results: The results showed that Physical Education and Sports
ATF-6 protein levels in type 2 diabetic male rats did not change significantly after 8 weeks of Sciences, Science and Research
high-intensity interval training (P = 0.73). But CHOP protein levels showed a significant Branch, Islamic Azad University,
increase after 8 weeks (P = 0.001). CHOP protein levels in the diabetic training group showed a Tehran, Iran

non-significant decrease compared to the diabetic control group (P < 0.05), but in the diabetic
training group compared to the healthy control group, it showed a significant increase (P =
0.001). Conclusion: As a result, 8 weeks of high-intensity interval training can have beneficial
effects on reducing endoplasmic reticulum stress in liver tissue caused by type 2 diabetes in
diabetic rats. Furthermore, further research is needed to confirm these findings and explore the
potential mechanisms involved.
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Extended abstract
Background

Type 2 diabetes, the predominant form globally, stems from impaired insulin function, impacting carbohydrate, lipid, and
protein metabolism. The World Health Organization faces a substantial challenge in managing this widespread metabolic
disorder. Lifestyle modifications, including exercise and diabetes management, are crucial, yet the cellular and molecular
mechanisms connecting exercise to diabetes improvement remain incompletely understood. Recent attention has focused
on the role of endoplasmic reticulum (ER) stress in type 2 diabetes. The ER, vital for protein homeostasis, faces disruption
from metabolic abnormalities like obesity, leading to protein accumulation and activating the Unfolded Protein Response
(UPR), a cellular stress response aimed at restoring ER balance.

Materials and Methods

Twenty-four male Wistar rats, aged 6 weeks and weighing approximately 200-250 grams each, were procured from the
Pasteur Institute of Iran. Subsequently, they were transferred to the animal laboratory at the Faculty of Physical Education
and Sports Sciences, University of Kurdistan, in accordance with the guidelines of the Iranian Society for the Protection
of Laboratory Animals, for designated scientific and laboratory purposes.

Experimental design

After inducing type 2 diabetes, the rats were randomly allocated into two groups, each consisting of 8 rats. It is important
to note that there were a total of three groups in this study, including the healthy group with 8 rats. Subsequently, the rats
in the two groups designated as high-intensity interval training (HIIT) diabetics and diabetic control underwent exercise
interventions.

Training protocol

The training program commenced with initial treadmill running for 10 minutes at a speed of 10 m/min, occurring five
days per week during the first week. Subsequently, an 8-week high-intensity interval training regimen was implemented,
comprising five sessions per week, with overload achieved through an increase in training sessions. Warm-up and cool-
down activities were executed at a speed of 10 m/min for 5 minutes at the initiation and conclusion of each session. The
exercise intensity was set at 58% of the maximum oxygen consumption (maximum running speed), and the overall
intensity ranged from 95-100% of maximum running speedx.

Determination of maximum speed of rats: In the present study, Bedford et al.'s standard incremental test (1979) was
employed to assess the maximum running speed (22). To determine the maximum running speed corresponding to
maximum oxygen consumption (VO2max), their VO2max was computed based on the strong association between
treadmill speed and VO2max.

High-intensity interval training protocol: Animals underwent a 5-day familiarization on a treadmill at 10 m/min for
10-minute sessions. This was followed by 8 weeks of high-intensity intermittent exercises, with 5 sessions per week,
inducing overload by increasing training sessions. Warm-up and cool-down at 16 m/min (68% maximum running speed)
were performed at the start and end of each session, maintaining exercise intensity at 95-100% of maximum running
speed, with 60-second active rest intervals. Motivation involved electric shocks and gentle movement on the treadmill.

Extraction of laboratory animal tissue: Rats were anesthetized with ketamine and xylazine, and liver tissue was
extracted post-anesthesia. A 100 mg liver sample was preserved in RNA-later for gene expression analysis, while the
remaining 200-300 mg was frozen in liquid nitrogen and stored at -80°C for protein expression analysis. An
intraperitoneal injection of ketamine (75 mg/kg) and xylazine (10 mg/kg) was used for anesthesia.

Assessment of studied factors: For ATF-6 and CHOP protein assessment via western blotting, the process involved
extracting proteins through cell lysis, gel electrophoresis for separation, transfer to a solid membrane, blocking to prevent
nonspecific binding, incubation with specific primary antibodies, removal of unbound antibodies, secondary antibody
incubation with a detection system, visualization using chemiluminescence or fluorescence, and quantification of protein
bands to measure expression levels.

Statistical analysis
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The outcomes of statistical analyses were presented as mean and standard deviation, employing statistical software (IBM
SPSS Statistics 23.0, Armonk, NY: IBM Corp). One-way analysis of variance (ANOVA) was utilized to examine the
impact of high-intensity interval training on ATF-6 and CHOP protein expression within the diabetic group.

Results

The one-way analysis of variance results indicated that 8 weeks of high-intensity interval training did not result in
significant changes in ATF-6 protein levels in type 2 diabetic rats [F(2, 14) = 0.32, P=0.730]. However, for CHOP protein
levels, the one-way analysis of variance demonstrated a significant alteration after 8 weeks of high-intensity interval
training in type 2 diabetic rats [F(2, 14) = 29.69, P=0.001]. Tukey's post hoc test revealed a non-significant decrease in
CHOP protein levels in the diabetic exercise group compared to the diabetic control group (P>0.05). However, a
significant increase was observed in the diabetic exercise group compared to the healthy control group (P<0.05).

Discussion

This study delved into the impact of combined exercises on stress indicators, ER markers, and glucose metabolism in
type 2 diabetes individuals. The findings suggest that these exercises play a role in alleviating ER stress and improving
glucose metabolism. However, the conflicting results from previous studies underscore the need for additional
investigation in this field. While some studies propose that moderate-intensity exercise may decrease CHOP protein
levels, others present inconclusive outcomes. The variability in effects could be attributed to factors related to metabolic
conditions and ER stress levels in individuals with type 2 diabetes. The assessment of high-intensity interval training on
ATF-6 protein levels in type 2 diabetic rats revealed no significant influence. A comparative analysis with past studies
highlighted potential differential effects of various exercise types based on age disparities and diabetic conditions. Further
research also indicates that aerobic exercise can mitigate hepatic endoplasmic reticulum stress and reduce stress-related
proteins. In conclusion, there is an urgent need for more extensive research to explore the prolonged effects of the training
period and the characteristics of the study population.

Article message

This 8-week study explored the impact of high-intensity interval training on ATF-6 and CHOP proteins in the liver tissue
of type 2 diabetic rats. While ATF-6 protein levels remained unchanged, CHOP levels significantly increased following
the training period. Although CHOP levels in the diabetic training group showed a non-significant decrease compared to
the diabetic control group, they significantly increased compared to the healthy control group. The findings suggest that
high-intensity interval training may have positive effects in alleviating endoplasmic reticulum stress in the liver caused
by type 2 diabetes in rats.
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