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ABSTRACT

Objective: This study was conducted to determine the influence of nutrition and aerobic
exercise on the signaling pathway of ER stress in the liver.

Methodology: A total of 18 male wistar rats, aged 5 weeks and weighing approximately 167
grams, were randomly divided into three groups: normal diet (ND), high-fat diet (HFD), and
high-fat diet with aerobic exercise (HFD+EX). The rats in the HFD+EX group underwent
exercise training three times per week for 12 weeks with an intensity of 68-80% of their
maximum aerobic velocity. After completing the training, liver tissue samples were collected
from all rats to measure the expression changes of Chop, Atf6, Perk, and Bax genes, as well as
liver fat accumulation. Data analysis was conducted using the one-way ANOVA test.

Results: Higher liver fat content and higher expression of Chop, Atf6, Perk, and Bax, was
observed in the HFD rats. In the HFD+EX group, liver fat content, Chop and Perk gene
expression were lower than in the HFD group. In the HFD+EX group reduction of Atf6 and Bax
genes, was not statistically significant (p>0.05).

Conclusion: High fat diet can activate the unfolded protein response (UPR) pathway by
elevating ER stress. This can lead to high expression of the Bax gene in liver cells. However,
regular exercise can be an effective way to prevent the accumulation of liver fat by reducing
UPR activation. This is due to its potential to lower the expression of Chop, Atf6, and Perk
gene.

Keywords: Fatty Liver, Diet, Apoptosis, Unfolded Protein Response, Exercise.

1. Department of Exercise Physiology, Faculty of Physical Education and Sport Sciences, University of
Guilan, Rasht, Iran.

* Corresponding author's e-mail address: mohebbi@guilan.ac.ir
Cite this article: Shahsavari Babokani, S., Mohebi, H,. (2025). The effect of aerobic training on the
expression of genes involved in hepatocyte reticulum endoplasmic stress in male rats under high-fat diet.

Journal of Metabolism and Exercise, 15 (1), 1-18.
DOI: https://doi.org/10.22124/jme.2024.26460.349

@ @ Copyright © 2025 The Author(s); Publiser: University of Guilan
This is an open access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 International License (CC-By-NC):
BY NC https://creativecommons.org/licenses/by-nc/4.0/legalcode.en,

which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

[ OnSST ‘G dwN[oA ‘70T ‘Surrdg “(FIA[) 9SIOIXF pue WSI[OQRISJA JO [euInof



Shahsavari Babokani and Mohebi, The effect of aerobic training on the expression ...

33 Callad g jlw g LS g

& T Journal of

S

Extended Abstract

Introduction and State of Problem

Obesity and high-fat diets (HFD) are primary drivers of non-alcoholic fatty liver disease
(NAFLD), a growing global health crisis (1). While the pathophysiology is multifactorial,
emerging evidence highlights a critical role for endoplasmic reticulum (ER) stress and the
unfolded protein response (UPR) in hepatocyte dysfunction, steatosis, and apoptosis (2).
Chronic nutrient excess disrupts ER homeostasis, activating pro-apoptotic pathways, including
the PERK-elF2a-CHOP axis, and upregulating pro-apoptotic factors like Bax (3). Physical
exercise is a cornerstone of NAFLD management, yet the molecular mechanisms by which
aerobic training mitigates hepatic ER stress and its downstream consequences remain
incompletely understood (4). This study therefore investigated the effects of a 12-week aerobic
training program on the expression of key ER stress-related genes (Chop, Atf6, Perk) and the
pro-apoptotic gene Bax in the liver of male rats fed a high-fat diet.

Methodology

Animals and experimental design

Eighteen male Wistar rats (aged 5—-6 weeks; initial body weight: 167 + 12 g) were obtained from
the Razi Institute and housed under standard conditions. After one week of acclimatization,
animals were randomly divided into three groups (n=6 per group): (1) normal diet (ND), (2)
high-fat diet (HFD), and (3) high-fat diet plus aerobic exercise (HFD+EX). The HFD provided
60% of calories from fat, while the ND provided 10%. All rats had free access to food and water
throughout the 12-week study period.

Exercise protocol

The HFD+EX group performed progressive aerobic training on a motorized treadmill, three
sessions per week for 12 weeks, at 0° inclination. Exercise intensity was individually
determined based on the maximal aerobic velocity (MAV). Training began at 68% of MAV and
gradually increased to 80% of MAV by the fifth week, with running time progressively
increased thereafter.

Tissue and blood collection

Forty-eight hours after the last exercise session to avoid acute effects, rats were anesthetized
with ketamine (30 mg/kg) and xylazine (4 mg/kg). Liver tissue was rapidly excised, washed
with saline, frozen in liquid nitrogen, and stored at —80°C for subsequent molecular analysis.
Gene expression analysis

Total RNA was extracted from liver tissue using RNX-Plus reagent. RNA quantity and quality
were assessed by spectrophotometry (NanoDrop) and 1% agarose gel electrophoresis. cDNA
was synthesized using a commercial kit. Real-time PCR was performed to measure mRNA
expression of Chop, Atf6, Perk, and Bax, with Gapdh as the housekeeping gene. Relative gene
expression was calculated using the 2<sup>—AACt</sup> method.

Histological and statistical analysis

Liver fat content was evaluated using Oil Red O staining. Data were analyzed using one-way
ANOVA followed by Tukey’s post-hoc test (or Welch’s ANOV A when appropriate). Statistical
significance was set at p <0.05.
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Results

Body weight and liver fat content

Over the 12-week intervention, body weight increased in all groups. However, HFD feeding
resulted in significantly greater weight gain compared to the ND group (p < 0.05). The HFD
group weighed approximately 24% more than the ND group, while the HFD+EX group showed
an 11% increase relative to ND.

Liver fat content, assessed by Oil Red O staining, was markedly higher in HFD-fed rats.
Specifically, the HFD group exhibited approximately 10-fold greater hepatic lipid accumulation
compared to the ND group (p < 0.001). Importantly, aerobic training significantly attenuated
this effect; liver fat content in the HFD+EX group was only 3.48-fold higher than that in the ND
group (p < 0.05), representing a substantial reduction compared to the HFD group.

Gene expression of ER stress markers

HFD feeding dramatically upregulated the expression of key ER stress-related genes. Chop
mRNA expression was 7-fold higher in the HFD group relative to the ND group (p < 0.001). In
the HFD+EX group, Chop expression was 3.49-fold higher than ND, indicating a partial but
incomplete attenuation by exercise. Effect size and power for Chop were 1.17 and 0.917,
respectively. Atf6 expression increased 4.66-fold in the HFD group compared to ND (p < 0.01).
Although the HFD+EX group showed lower Atf6 expression than the HFD group (3.89-fold vs.
ND), this reduction did not reach statistical significance (p > 0.05). Effect size and power for
Atf6 were 1.07 and 0.861.

Perk expression was elevated 5.38-fold in the HFD group versus ND (p < 0.001). Aerobic
training significantly reduced Perk expression in the HFD+EX group compared to the HFD
group (p < 0.05), with an effect size of 1.15 and power of 0.905.

Bax gene expression

The pro-apoptotic gene Bax showed a 6.20-fold increase in the HFD group relative to ND (p <
0.001). In the HFD+EX group, Bax expression was 3.85-fold higher than ND. Although this
represents a lower value than in the HFD group, the difference between HFD and HFD+EX was
not statistically significant (p > 0.05). Effect size and power for Bax were 1.16 and 0.915,
respectively.

Discussion and Conclusion

The present study investigated the effects of 12 weeks of aerobic training on hepatic ER stress
markers and apoptosis in male rats fed a high-fat diet. Our key findings demonstrate that HFD
feeding induces significant hepatic steatosis, upregulates ER stress-related genes (Chop, Atf6,
Perk), and increases the pro-apoptotic gene Bax. Importantly, aerobic exercise partially
attenuated these effects, particularly reducing liver fat content and Chop and Perk expression.
Our observation that HFD feeding increased hepatic lipid accumulation is consistent with
previous reports linking sedentary lifestyle and high-caloric diets to NAFLD pathogenesis. The
liver is structurally rich in ER, which comprises approximately 50% of total cellular
membranes. ER stress is recognized as a critical factor in NAFLD development (4). When ER
homeostasis is disrupted by excessive free fatty acids and cholesterol, the unfolded protein
response (UPR) is activated to restore balance. However, prolonged or severe ER stress can
shift cellular responses from protective to pathological, promoting steatosis, insulin resistance,
inflammation, and apoptosis. In our study, HFD feeding upregulated Perk, Atf6, and Chop
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expression, accompanied by increased Bax. This aligns with the well-established
PERK-elF20-CHOP pathway, where sustained ER stress triggers pro-apoptotic signaling.
Tanaka and colleagues similarly reported simultaneous activation of IRE1/JNK and
PERK/ATF4/CHOP pathways in livers of HFD-fed mice (6). Excessive free fatty acids increase
mitochondrial-dependent apoptosis by upregulating Bax synthesis, leading to cytochrome ¢
release and caspase activation. Thus, our data support the “two-hit” hypothesis of NAFLD,
where insulin resistance and obesity (first hit) prime the liver, and ER stress-mediated apoptosis
(second hit) drives disease progression.

Our finding that aerobic training reduced hepatic fat content is clinically significant. The
HFD+EX group showed only 3.48-fold higher liver fat versus ND, compared to 10-fold in the
HFD group. This reduction occurred alongside decreased Chop and Perk expression.
Meta-analytic evidence indicates that regular exercise reduces hepatic steatosis by 20-30%,
independent of weight loss. Exercise may improve ER folding capacity or reduce protein
misfolding burden, thereby lowering UPR activation.

Cheng and colleagues demonstrated that exercise suppressed HFD-induced increases in Perk,
p-EIF2a, and Chop in muscle tissue. Chronic aerobic training appears to enhance ER adaptive
capacity, preventing the transition from adaptive UPR to apoptotic signaling. Hong and
colleagues reported that 16 weeks of regular exercise mitigated ER stress-induced endothelial
dysfunction in diabetic mice (5). However, the precise molecular mechanisms remain
incompletely understood and warrant further investigation.

Exercise effects on Bax and apoptosis

Although Bax expression trended lower in HFD+EX compared to HFD, this reduction was not
statistically significant. This suggests that while exercise partially ameliorates ER stress,
complete normalization of apoptotic signaling may require longer intervention or combination
with dietary modification. Ruan and colleagues reported that exercise intensity differentially
modulates hepatocyte apoptosis through IRE1/JINK and elF2a/CHOP pathways.

Conclusion

In conclusion, aerobic exercise serves as an effective non-pharmacological strategy to mitigate
HFD-induced hepatic ER stress and steatosis, primarily through downregulation of Chop and
Perk. These findings provide mechanistic insight into the hepatoprotective effects of regular
physical activity.

Originality/Value

It will be suggested that future studies investigate the effects of different aerobic training intensities and
its time course on the expression of key genes involved in the endoplasmic reticulum stress pathway and
hepatic apoptosis, in order to determine the optimal exercise dose for maximal protective effects against
high-fat diet-induced fatty liver.

Research Limitations/Implications

The lack of detailed investigation into the molecular mechanisms distinguishing mitochondrial and
endoplasmic reticulum pathways in the induction of apoptosis, as well as insufficient knowledge
regarding the effects of different exercise intensities and volumes on endoplasmic reticulum stress
responses, are among the most important limitations of the present study.
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