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Extended Abstract

Background and Purpose

Non-alcoholic fatty liver disease (NAFLD) is a common clinical manifestation of metabolic
syndrome, affecting both children and adults. It is estimated that up to 90% of obese individuals may
develop NAFLD. This disease is strongly associated with various metabolic dysfunctions, including
insulin resistance, oxidative stress, endoplasmic reticulum stress, and mitochondrial dysfunction.
These factors contribute to the progression of NAFLD, making it an important concern in metabolic
health.Despite a growing understanding of the underlying mechanisms of NAFLD, there is currently
no approved pharmaceutical treatment available. Given that cardiovascular issues are the leading
cause of mortality in individuals with NAFLD, the adoption of regular aerobic exercise emerges as a
promising strategy. Aerobic exercise has been shown to reduce liver fat content and improve various
cardiovascular risk factors, offering a non-invasive approach to managing both liver health and heart
disease risk in these patients. Vascular health and the enhancement of sports performance are
important considerations for affected individuals. As aerobic fitness improves, the gains in endurance
performance from training tend to diminish gradually. Consequently, alternative methods, such as
training or residing at high altitude in combination with sea-level training, have gained popularity as
strategies to further boost endurance performance. However, research on hypoxia has yielded
inconsistent findings regarding its impact on endurance performance.

Materials and Methods
The study involved 48 male Wistar rats, each with an average weight of 165 grams and approximately
five weeks of age. After acclimatizing to the environment and becoming familiar with the treadmill,
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the rats were randomly divided into six groups, with six rats per group. The groups were designated
as follows: ND (normal diet), HFD (high-fat diet), HFD-MICT (high-fat diet with moderate-intensity
continuous training in normoxia), HFD-HMICT (high-fat diet with moderate-intensity continuous
training in hypoxia), HFD-HIIT (high-fat diet with high-intensity interval training in normoxia), and
HFD-HHIIT (high-fat diet with high-intensity interval training in hypoxia). The exercise training
intervention for the training groups lasted 12 weeks, with three sessions per week. During this period,
the ND and HFD groups refrained from any physical activity. To simulate altitude training, the
researchers used a hypoxia device that maintained the oxygen pressure at approximately 140
millibars, corresponding to an altitude of 3000 meters. Tissue sampling and serum sample collection
were conducted 48 hours after the completion of the nutritional and exercise training interventions.
Oil Red O staining (ab 150678; lipid stain kit) was performed to assess the fat content in the liver.
The number and area of fat droplets were evaluated using both optical and fluorescent microscopy
with a Germany-AXIOM BM-600 LED EPI fluorescent microscope and Mshot microscope camera,
analyzed with J Image software. Data analysis was conducted using SPSS version 26, with one-way
analysis of variance (ANOVA) and Tukey's post hoc test applied at a significance level of p < 0.05
to assess statistical significance.

Findings

The results revealed a consistent increase in the weight of rats across all groups. Notably, the high-
fat diet led to significant weight gain in the HFD, HFD+MICT, and HFD+HMICT groups compared
to the ND group. However, the weight of rats in the HFD+MICT and HFD+HMICT groups was
significantly lower than that of the HFD group (P < 0.01). No significant difference in weight was
observed between the ND and HFD-HIIT or HFD-HHIIT groups.Furthermore, the fat content in the
liver of rats increased across all groups in comparison to the ND group. Interestingly, exercise training
effectively mitigated the increase in liver fat content comparedto the HFD group (P<0.005).
Additionally, HIIT and HHIIT were more effective in maintaining lipid droplet content at baseline
levels compared to MICT and HMICT. Specifically, only in the HFD-HIIT and HFD-HHIIT groups
did the fat content show no significant difference from the ND group. Moreover, no significant
difference in fat content was observed between the HFD-HIT and HFD-HHIIT groups.
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Figure 1. Changes in rat‘s liver fat content. ND normal diet, HFD high-fat diet, HFD-MICT, high-fat
diet and moderate-intensity continuous training, HFD-HMICT high-fat diet and moderate-intensity
continuous training in hypoxia, HFD-HIIT high-fat diet and high-intensity interval training, HFD-
HHIIT high-fat diet and high-intensity interval training in hypoxia. * Difference in significance level
P<0.05.

Regarding the amount of work performed, all groups exhibited significantly higher levels compared
to the HFD group. Notably, the HFD-HHIIT and HFD-HIIT groups showed significantly higher
workload than the HFD-MICT and HFD-HMICT groups. However, the difference between the HFD-
HIIT and HFD-HHIIT groups was not significant (p<0.05).

Furthermore, data analysis revealed that the level of leukocytes in the HFD group significantly
increased compared to the ND group (p < 0.05). However, all exercise training methods effectively
prevented the increase in leukocyte levels caused by the high-fat diet. Additionally, no significant
difference was observed among the exercise training groups. Finally, there were no significant
differences in the levels of red blood cells (RBC) and hemoglobin (HGB) among the groups after the
12-week dietary and exercise training intervention. Although the level of HGB experienced a
reduction in the HFD groups, this reduction was not statistically significant. Notably, the hematocrit
(HCT) levels in the HFD group significantly decreased compared to the ND group (p < 0.05). The
HCT levels increased across all exercise training groups, with a significant increase observed only in
the HFD-HIIT and HFD-HHIIT groups (p < 0.05).

Conclusion

The findings of this research demonstrate that while a high-fat diet is associated with weight gain,
increased liver fat accumulation, and reduced endurance performance, high-intensity training
effectively prevents the accumulation of liver fat. Moreover, moderate-intensity continuous training
in hypoxic conditions did not yield additional benefits compared to exercise training in hormoxic
conditions. Notably, within a hypoxic environment, elevating training intensity resulted in an 11%
increase in endurance performance and a 2.02 times smaller increase in liver fat content compared to
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the HFD-HIIT group. The enhancement in endurance performance was observed independently of
variations in RBC and HGB levels. Overall, the short-term exposure to hypoxia (three sessions per
week of less than 1 hour for 12 weeks) may not provide sufficient stimulation to induce significant
blood changes associated with oxygen transport capacity.

Keywords: Non-alcoholic Fatty Liver Disease, Hypoxia, Exercise training, Diet, High-Fat, Blood
Cells.

Article Message

After analyzing the data, it is clear that there is a substantial difference in liver fat content between
rats subjected to a high-fat diet and those involved in exercise training regimens. Additionally,
exercise training resulted in observable improvements in endurance performance. These findings
suggest that engaging in physical activity can mitigate some of the adverse effects of a high-fat diet.
Notably, interval training emerged as a more effective strategy for controlling liver fat content and
enhancing endurance performance. While the reduction in fat content in the HHIIT (High-Intensity
High-Intensity Interval Training) group did not demonstrate statistical significance in comparison to
the HIIT group, the potential clinical significance of these results should not be overlooked.
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Figure 1. Weight change of rats. ND normal diet, HFD high-fat diet, HFD-MICT, high-fat diet and
moderate-intensity continuous exercise, HFD-HMICT high-fat diet and moderate-intensity exercise
in hypoxia, HFD-HIIT high-fat diet and high-intensity interval exercise, HFD-HHIIT high-fat diet
and high-intensity interval training in hypoxia. * Difference in significance level P<0.05
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Figure 2. Changes in rat‘s liver fat content. ND normal diet, HFD high-fat diet, HFD-MICT, high-fat diet and
moderate-intensity continuous training, HFD-HMICT high-fat diet and moderate-intensity training in hypoxia,
HFD-HIIT high-fat diet and high-intensity interval training, HFD-HHIIT high-fat diet and high-intensity
interval training in hypoxia. * Difference in significance level P<0.05
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Figure 3. Aerobic capacity test distance. ND normal diet, HFD high-fat diet, HFD-MICT, high-fat diet and
moderate-intensity continuous training, HFD-HMICT high-fat diet and moderate-intensity training in hypoxia,
HFD-HIT high-fat diet and high-intensity interval training, HFD-HHIIT high-fat diet and high-intensity
interval training in hypoxia. * Difference in significance level P<0.05
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Figure 4. The work performed during the aerobic capacity test. ND normal diet, HFD high-fat diet, HFD-
MICT, high-fat diet and moderate-intensity continuous training, HFD-HMICT high-fat diet and
moderate-intensity training in hypoxia, HFD-HIIT high-fat diet and high-intensity interval training,
HFD-HHIIT high-fat diet and high-intensity interval training in hypoxia. * Difference in significance
level P<0.05.
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Table 3- Hematology characteristics of rats

Group WBC*10°uL  RBC*10°pL  HGBg/dl HCT% MCV% LYM*10° p L

ND 7/16+1/32" 7/71+0/42 15/58+0/91 45/57+2/77*+ 55/47+1/48 6/18+2/33*+

HFD 16+1/58 7/33+0/71 14/23+0/96 39/13+1/08 55/43+1/14 14/08+1/58

HFD-MICT 8/73+1/58* 7/72+0/36 15/65+0/57 43/72+ 2/08 56/65+1/83 7/45+1/87*+

HFD-HMICT 10/88+2/79* 7/56+0/31 15/36+0/76 42/78+2/16 56/54+1/65 9/36+2/83*+

HFD-HIIT 10/77+2/49* 7/82+0/62 15/68+1/32 45/37+4/19*+ 58/30+1/34**++  9/30+2/17*+

HFD-HHIIT 7/9+1/14* 7/71+0/22 15/62+0/54 45/05+2/52*+ 58/27+1/49%* ++ 7/15+4/3*+
HFD- 05,5 L jlolixe s 32 HFD-MICT 69,5 L jlobine <8ds| st HFD 09,5 b jlobine 33l T ND 09,5 b jloline 3 +
HMICT

+Significant difference with Group ND, § Significant difference with Group HFD, * Significant difference with
Group HFD-MICT, ** Significant difference with Group HFD-HMICT.
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