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Abstract

Introduction: Non-alcoholic fatty liver disease (NAFLD) is a prevalent disease worldwide
and is characterized by abnormal accumulation of fat in the liver. The present study
aimed to determine the effect of interval training and omega-3 on the expression of BAX,
BCL-2, and the BCL2/Bax ratio in liver tissue of rats with NAFLD.

Materials and Methods: In this laboratory study, 40 male Wistar rats (weight
156.98+7.82 g) were divided into five groups: healthy control (CN), NAFLD, NAFLD +
interval training (TRNAF), NAFLD + omega-3 supplementation (SUPNAF), and NAFLD +
interval training + omega-3 supplementation (TRSUPNAF). The supplement groups were
orally administered 1 g of omega-3 per kilogram of body weight throughout the eight-
week intervention period. The interval training protocol comprised treadmill running at
speeds of 14—28 m/min, with sessions conducted five days per week for eight weeks.
Results: Non-alcoholic fatty liver disease Induction led to a significant increase in BAX
expression and the BAX/BCL2 ratio, alongside a significant reduction in BCL2 expression
(p=0.0001). When compared to the NAFLD group, the TRNAF, SUPNAF, and TRSUPNAF
groups exhibited significant decreases in both BAX expression and the BAX/BCL2 ratio
(TRNAF: p=0.021 and p=0.0001, respectively; = SUPNAF: p=0.033  and p=0.0001,
respectively; TRSUPNAF: p=0.0001). In contrast, BCL2 expression was significantly
elevated in the TRNAF (p=0.029), SUPNAF (p=0.032), and TRSUPNAF (p=0.0001) groups
compared to the NAFLD group.

Conclusion: The findings of the present research provide further confirmation that
exercise combined with omega-3 consumption reduces apoptosis and promotes the
survival of healthy cells in the liver tissue of rats.

Copyright © 2026 The Author(s); Published by Complementary Medicine Journal. This is an open access article, distributed under the terms of the Creative
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is
considered one of the most prevalent chronic
liver disorders worldwide and represents the
hepatic manifestation of metabolic syndrome.
The disease is characterized by excessive lipid
accumulation within hepatocytes in individuals
without significant alcohol consumption and
may progress from simple steatosis to non-
alcoholic  steatohepatitis (NASH), fibrosis,
cirrhosis, and ultimately hepatocellular
carcinoma. The global prevalence of NAFLD has
increased dramatically during recent decades
due to sedentary lifestyles, obesity, insulin
resistance, dyslipidemia, and unhealthy dietary
habits, making it an important public health
concern. Although the exact molecular
mechanisms underlying disease progression
remain incompletely understood, accumulating
evidence indicates that oxidative stress,
mitochondrial dysfunction, chronic
inflammation, endoplasmic reticulum stress,
and hepatocyte apoptosis play central roles in
the initiation and progression of liver injury.
Among these mechanisms, apoptosis has
attracted considerable attention because
excessive programmed cell death contributes
directly to hepatic inflammation, fibrosis, and
functional deterioration. Members of the BCL-2
family are major regulators of mitochondrial
apoptosis, in which BAX functions as a pro-
apoptotic protein while BCL-2 acts as an anti-
apoptotic protein that preserves mitochondrial
integrity and cell survival. Consequently,
alterations in the expression of these genes and
particularly the BCL-2/BAX ratio are considered
reliable indicators of apoptotic activity in liver
tissue.

Several pharmacological and non-
pharmacological interventions have been
proposed for preventing or attenuating NAFLD
progression. Lifestyle modification remains the

first-line  therapeutic strategy since no
universally accepted pharmacological
treatment is currently available. Regular
physical exercise improves glucose
homeostasis, insulin sensitivity, lipid
metabolism, mitochondrial biogenesis,
antioxidant  defense, and inflammatory
responses, thereby reducing hepatic fat

accumulation and improving liver function.
Interval training, characterized by alternating
periods of high-intensity exercise and recovery,
has recently attracted considerable interest, as
it produces substantial metabolic adaptations
within relatively short exercise sessions.
Similarly, omega-3 polyunsaturated fatty acids
possess potent anti-inflammatory, antioxidant,
and lipid-lowering properties and have
demonstrated beneficial effects on hepatic lipid
metabolism and cellular survival. Nevertheless,

despite the established independent benefits of
exercise and omega-3 supplementation, limited
information exists regarding their combined
influence on apoptosis-related molecular
pathways in NAFLD. Therefore, the present
study aimed to evaluate the individual and
combined effects of interval training and
omega-3  supplementation  on hepatic
expression of BAX, BCL-2, and the BCL-2/BAX
ratio in rats with experimentally induced
NAFLD.

Materials and Methods

This experimental laboratory study was
conducted on 40 adult male Wistar rats
(156.98+7.82 g). Animals were randomly
assigned into five groups (n=8, each): healthy
control (CN), NAFLD, NAFLD + interval training
(TRNAF), NAFLD + omega-3 supplementation
(SUPNAF), and NAFLD + interval training +
omega-3 supplementation (TRSUPNAF). The
NAFLD was induced in the animals via a six-
week high-fat diet. After confirmation of
successful induction, the intervention groups
were subjected to an eight-week experimental
protocol. Rats in the exercise groups performed
interval treadmill training five sessions per
week. Following a one-week familiarization
period, the main training protocol began with
10 one-minute running bouts separated by
two-minute recovery intervals at a speed of 14
m/min. Exercise intensity and training volume
were progressively increased throughout the
intervention until the animals completed 15
one-minute bouts at a speed of 28 m/min
during the final week. Animals assigned to the
supplementation groups received omega-3
fatty acids orally at a dosage of 1 g/kg body
weight daily throughout the intervention
period. At 48 h following the final exercise
session, and after an overnight fast, liver tissue
samples were collected under deep anesthesia.
Total RNA was extracted from liver samples and
reverse-transcribed into complementary DNA.
Relative gene expression of BAX and BCL-2 was
quantified using real-time polymerase chain
reaction (RT-PCR), while the BCL-2/BAX ratio
was calculated as an indicator of apoptotic
balance. Data normality was confirmed using
the Shapiro-Wilk test, and differences among
groups were analyzed using one-way analysis of
variance followed by Tukey's post hoc test. A P-
value < 0.05 was considered statistically
significant.

Results

Induction of NAFLD markedly altered the
hepatic apoptotic profile. Compared with the
healthy control group, rats fed the high-fat diet
exhibited significantly elevated expression of
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the pro-apoptotic BAX gene together with a
significant reduction in the anti-apoptotic BCL-2
gene, indicating enhanced  hepatocyte
apoptosis. The BCL-2/BAX ratio was also
significantly  altered following  disease
induction, confirming disruption of apoptotic
homeostasis in liver tissue. Interval training
alone significantly reduced BAX expression
(p=0.021) and improved the BCL-2/BAX ratio
(p<0.0001) compared with untreated NAFLD
animals. Similarly, omega-3 supplementation
significantly  decreased BAX  expression
(p=0.033) and reduced the apoptotic ratio
(p<0.0001). The combined intervention
produced the most pronounced response, with
highly significant reductions in BAX expression
and the BCL-2/BAX ratio (both p<0.0001).
Furthermore, hepatic BCL-2  expression
increased  significantly  following interval
training (p=0.029), omega-3 supplementation
(p=0.032), and particularly after the combined
intervention (p<0.0001) relative to untreated
NAFLD animals. These molecular adaptations
demonstrate that both interventions effectively
shifted apoptotic signaling toward cell survival,
with the combination generally producing
greater improvements than either intervention
alone. The observed responses are consistent
with the hypothesis that regular interval
exercise and omega-3 supplementation act
through complementary mechanisms involving
attenuation of oxidative stress, preservation of
mitochondrial integrity, improvement of lipid
metabolism, suppression of inflammatory
signaling, and modulation of apoptosis-related
genes.

Conclusion
The findings of the present investigation
demonstrate that both interval training and

omega-3 supplementation effectively attenuate
hepatocyte apoptosis in rats with
experimentally induced NAFLD through
favorable regulation of BAX and BCL-2 gene
expression. The combined intervention
exhibited the greatest overall protective effect,
suggesting additive or synergistic interactions
between regular exercise and omega-3 fatty
acids in preserving hepatic cellular integrity.
These beneficial effects are likely mediated
through improvements in  mitochondrial
function, reduction of oxidative stress,
attenuation of inflammatory responses, and
restoration of the balance between pro-
apoptotic  and anti-apoptotic  signaling
pathways. Considering the increasing global
prevalence of NAFLD and the lack of definitive
pharmacological therapies, these findings
provide further evidence supporting lifestyle-
based interventions as effective strategies for
limiting liver injury and slowing disease
progression. Future investigations should
evaluate longer intervention periods, additional
apoptotic and inflammatory biomarkers,
histopathological alterations, and translation of
these findings to clinical populations with
NAFLD. Overall, the present study suggests that
combining structured interval training with
omega-3 supplementation may represent a
safe, practical, and promising  non-
pharmacological approach for improving liver
health and reducing apoptosis associated with
NAFLD.
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Apoptosis, BAX, BCL-2, BCL-2/BAX ratio, High-
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