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Extended Abstract

Background and Purpose
An imbalance between energy intake and expenditure leads to overweight and obesity, which is

closely associated with excessive fat accumulation in adipose tissue. Adipocytes, the primary cells
in adipose tissue, possess the capability to produce and secrete pro-inflammatory cytokines such
as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a)). These cytokines play a pivotal
role in the pathogenesis of various liver diseases, including non-alcoholic fatty liver disease
(NAFLD), by promoting chronic low-grade inflammation and metabolic dysfunction.
Accumulating evidence suggests that structured exercise training can significantly improve liver
cell function, potentially through mechanisms involving enhanced mitochondrial biogenesis,
improved insulin sensitivity, and reduced oxidative stress, although the precise pathways remain
incompletely elucidated. Nutrition emerges as another critical modulator of inflammatory
processes, with diets enriched in omega-3 (»-3) polyunsaturated fatty acids (PUFAS), particularly
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), demonstrating robust positive
effects on human health, including prevention of inflammation and cardiometabolic disorders.
Chronic inflammation constitutes a central driver in the development of metabolic disorders such
as obesity, type 2 diabetes, and NAFLD, underscoring the necessity to explore combined exercise
and dietary interventions capable of improving overall health by modulating key inflammatory
markers. Despite extensive research on individual interventions, available evidence reveals a
notable gap regarding the synergistic or potentially interfering effects of concurrent exercise
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training and ®-3 supplementation. Therefore, the present study was designed to investigate the
effect of intensive aerobic training combined with -3 supplementation on the protein levels of
pro-inflammatory cytokines IL-6 and TNF-a in the liver tissue of obese mice, providing insights
into their combined therapeutic potential for obesity-related liver inflammation.

Materials and Methods
This experimental study involved 30 male mice aged 12-14 weeks, randomly divided into five

groups (n=6 per group): normal diet (ND), high-fat diet (HFD), HFD+®-3 supplementation,
HFD+Training (HFD+T), and HFD+®-3+Training (HFD+®-3+T). All animals were housed
under strictly controlled environmental conditions, including an average temperature of 22+4°C,
relative humidity of 40-50%, and a standardized 12:12-hour light/dark cycle, with unrestricted
access to water and group-specific food. The entire protocol spanned 16 weeks, comprising two
weeks of familiarization, eight weeks of obesity induction, and six weeks of intensive aerobic
training intervention with or without -3 supplementation. Mice in the ND group received a
standard chow diet throughout the study, formulated with 15% fat, 25% protein, and 60%
carbohydrates to maintain normal body composition. Following the initial two-week acclimation
period on standard diet, obesity was induced in the intervention groups (HFD, HFD+w®-3, HFD+T,
HFD+®-3+T) using a custom high-fat diet (HFD) sourced from the Royan Institute of Isfahan.
This HFD composition included 45% fat, 35% carbohydrates, and 20% protein (in kcal),
delivering 4.60 kcal/g of energy, which effectively promoted rapid weight gain and metabolic
alterations characteristic of obesity. By the conclusion of the eight-week induction phase, the
average body weight of obese mice reached 32.89 g, confirming successful model establishment.
Subsequently, the HFD was discontinued across all intervention groups, reverting them to the
standard diet to isolate the effects of the subsequent interventions. The intensive aerobic training
protocol was administered over six weeks, consisting of five sessions per week. Each session
involved progressive treadmill running progressing from 10 to 50 minutes at an intensity of 70-
75% of maximal oxygen consumption (VOhax), with speeds ranging from 25-30 meters per
minute and a 15% incline to simulate high-intensity aerobic demand. Groups receiving ®-3
supplementation (HFD+®-3 and HFD+w-3+T) were administered 500 mg/kg body mass of EPA
and DHA daily via oral gavage, ensuring consistent dosing. At study termination, liver tissues
were harvested, and protein levels of IL-6 and TNF-o were quantified using the Bradford assay
for total protein normalization and enzyme-linked immunosorbent assay (ELISA) for cytokine
detection, following standard laboratory protocols.

Results
Statistical analysis revealed significant differences in body mass across the experimental groups

(p<0.05). Tukey's post hoc test indicated that at the onset of the intervention phase, body mass in
the HFD, HFD+T, HFD+w-3, and HFD+®-3+T groups was markedly higher than in the ND group
(all comparisons p=0.0001), validating the obesity induction. At the intervention's conclusion,
body mass remained significantly elevated in the HFD group (p=0.0001), HFD+T group
(p=0.029), and HFD+®-3 group (p=0.031) relative to ND, reflecting persistent obesity effects;
however, no significant difference emerged between HFD+w-3+T and ND (p=0.067), suggesting
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effective mitigation by the combined intervention. Regarding inflammatory markers, data
analysis demonstrated a significant elevation in hepatic IL-6 and TNF-a protein levels in the
HFD+T (p=0.0001), HFD+®-3 (p=0.0001), and HFD+w-3+T (p=0.012) groups compared to ND,
consistent with obesity-induced inflammation. Critically, all intervention groups exhibited
substantial reductions versus HFD (p=0.0001). Furthermore, IL-6 and TNF-o levels were
significantly lower in HFD+®-3 (p=0.042) and HFD+®-3+T (p=0.0001) compared to HFD+T
alone, although the difference between HFD+w-3 and HFD+w-3+T was not statistically
significant (p=0.054), indicating additive rather than fully synergistic suppression in cytokine
reduction.

Conclusion

The findings confirm that HFD markedly elevates IL-6 and TNF-o protein levels in liver tissue
relative to ND, exacerbating pro-inflammatory states. The mechanisms underlying HFD-induced
increases in these markers remain incompletely understood but are hypothesized to involve
adipose tissue expansion and ectopic fat deposition in the liver, leading to hepatocyte damage
through inflammatory cytokine release and reactive oxygen species (ROS) generation. In contrast,
intensive aerobic training, ®-3 supplementation, and their combination effectively attenuated IL-
6 and TNF-a levels. Notably, ®-3 supplementation outperformed intensive aerobic training alone
in cytokine reduction, highlighting its potent anti-inflammatory properties. Regular aerobic
exercise mitigates liver inflammation in models of nonalcoholic fatty liver disease by decreasing
macrophage infiltration, elevating antioxidant enzyme expression (e.g., superoxide dismutase,
catalase), and normalizing ROS homeostasis. ®-3 fatty acids exert superior anti-inflammatory
effects by serving as precursors for specialized pro-resolving mediators such as resolvins,
protectins, and maresins, which actively resolve inflammation at sites of injury. These PUFAs
competitively inhibit pro-inflammatory ®-6 fatty acid derivatives—including arachidonic acid
metabolites like prostaglandins, leukotrienes, and lipoxins—produced via cyclooxygenase and
lipoxygenase pathways. The study's culminating observation—a synergistic interaction between
intensive aerobic exercise and -3 supplementation—manifested in enhanced suppression of IL-
6 and TNF-o protein expression in obese mice liver tissue, suggesting complementary
mechanisms that amplify anti-inflammatory outcomes beyond individual therapies.

Keywords: Intensive Aerobic Training, Omega-3, High-Fat Diet, Supplementation,
Inflammation.

Article Message
The combination of intensive aerobic exercise and ®-3 supplementation demonstrates a clear

synergistic effect in modulating inflammatory markers within liver tissue of obese models.
Considering chronic inflammation's foundational role in fatty liver disease pathogenesis and
broader metabolic disorders, these findings advocate exercise and targeted nutritional
interventions as efficacious strategies for disease management, extending beyond inflammation
control to metabolic restoration. Nevertheless, additional mechanistic studies are warranted to
delineate precise signaling pathways and translate these benefits to clinical populations.
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