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Abstract

Nutritional and exercise training interventions are primary strategies for combating and treating
obesity. This study aimed to investigate the effects of High-Intensity Interval Training (HIIT) and
Alternate Day Fasting (ADF) on the protein levels related to the browning of visceral adipose tissue
in rats fed with a high-fat and high-carbohydrate diet (HFD+HC). This experimental research
employed a post-test design with a control group. Forty male Sprague-Dawley rats were randomly
divided into five groups of eight: 1) Normal Diet (ND), 2) HFD+HC, 3) HFD+HC+HIIT, 4)
HFD+HC+ADF, and 5) HFD+HC+HIIT+ADF. The HIIT group ran five days a week for seven four-
minute intervals at 85-90% of their maximum speed (Smax), with two-minute rest intervals at 50%
Smax. ADF was conducted every other day. Protein levels of PGC-1a and UCP-1 in adipose tissue
was evaluated using Western blot analysis. Data analysis employed independent t-tests, ANOVA,
and the Tukey post hoc test. The HFD+HC group showed a significant increase in body weight.
Protein levels of PGC-1a and UCP-1 significantly decreased in the HFD+HC group (p<0.05). In the
HIIT, ADF, and HIIT+ADF groups, a significant weight loss was observed. In the HIIT and
HIIT+ADF groups, PGC-la levels significantly increased (p<0.05). However, there were no
significant differences in UCP-1 levels across the intervention groups (p>0.05). In summary,
HFD+HC leads to weight gain. Conversely, HIIT, ADF, and especially HIIT+ADF, not only reduce

@ Copyright: © 2023 by the authors. Submitted for possible open access publication under the terms and
L.._ conditions of the Creative Commons Attribution (cc BY) license
(https://creativecommons.org/licenses/by/4.0/).
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weight but also increase PGC-la protein levels, likely linked to mitochondrial biogenesis and
enhanced lipolysis.
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Extended Abstract

Background and Purpose

The epidemic of overweight and obesity in both developing and developed countries is staggering in
its breadth and impact on public health (1). In this context, a sedentary lifestyle and the consumption
of high-calorie foods—particularly those high in fat and carbohydrates—have contributed to a sharp
increase in the prevalence of obesity. This condition is linked to an elevated risk of various metabolic
diseases, including type 2 diabetes, cardiovascular diseases, cognitive disorders, some cancers, and
consequently, increased mortality (2). In general, obesity is characterized by an excessive
accumulation of adipose tissue in various regions of the body. However, fat accumulation,
particularly in visceral areas, is more closely associated with adverse metabolic and cardiovascular
outcomes (3).

Histologically, humans have two types of adipose tissue: white adipose tissue (WAT) and brown
adipose tissue (BAT). Generally, WAT serves as energy-storing cells, while BAT functions as
energy-consuming cells. Consequently, enhancing BAT function and promoting the “browning” of
WAT have become strategies to increase energy expenditure and mitigate weight gain (4)In this
context, PGC-1a expression in white adipocytes has been shown to upregulate the expression of
several mitochondrial and thermogenic genes, including UCP-1. Consequently, it is widely accepted
that PGC-1a is essential for the differentiation of brown adipocytes and for UCP-1 gene expression
(5).

One factor that contributes to the conversion of WAT phenotypes to brown or beige adipose tissue is
exercise. In addition to exercise, calorie restriction is another effective preventive and therapeutic
strategy for reducing fat stores. Therefore, this study aims to investigate the effects of HIIT and ADF
on the browning of visceral adipose tissue, with a focus on changes in UCP-1 and PGC-1a protein
levels in rats fed a HFD+HC.

Materials and Methods

Forty male Sprague-Dawley rats, aged eight weeks and weighing 180 + 20 g, were acquired from the
Pasteur Institute of Iran. The rats were randomly divided into five groups of eight: 1) standard diet
(ND), 2) high-fat and high-carbohydrate diet (HFD+HC), 3) HFD+HC with high-intensity interval
training (HFD+HC+HIIT), 4) HFD+HC with intermittent fasting (HFD+HC+ADF), and 5) HFD+HC
with both HIIT and ADF (HFD+HC+HIIT+ADF).

The HIIT groups exercised on a treadmill five days per week for 12 weeks. During the intervention,
ADF groups had access to food and water every other day, while receiving a high-fat diet consisting

Sport Physiology, Volume 15, No 60, 2024
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of 60% energy from fat, 20% from protein, and 20% from carbohydrates, along with a 10% fructose
drink (6). The ND group was fed a diet comprised of 10% energy from fat, 70% from carbohydrates,
and 20% from protein.

Samples were collected 48 hours’ post-exercise session, and Western blotting was used to measure
PGC-1a and UCP-1 protein levels. A p-value of <0.05 was deemed statistically significant, with data
analyzed using independent t-tests and one-way ANOVA, followed by Tukey's post hoc test.
Findings

HFD+HC resulted in a significant increase in rat body weight compared to the standard diet (p =
0.001). In contrast, HIIT, ADF, and HIIT+ADF led to a significant weight reduction compared to
HFD+HC (p = 0.001). Additionally, a significant difference in body weight was observed between
the HIIT and HIIT+ADF groups (p = 0.044), while no significant difference was found between the
ADF and HIIT+ADF groups (p < 0.05). The HFD+HC diet significantly decreased UCP-1 protein
levels in visceral adipose tissue compared to ND (p = 0.002). However, HIIT, ADF, and HIIT+ADF
resulted in non-significant increases in UCP-1 levels compared to HFD+HC (p < 0.05). Furthermore,
obesity (HFD+HC) caused a significant decrease in PGC-1a protein levels in visceral adipose tissue
compared to ND (p = 0.004). Conversely, HIIT and HIIT+ADF were associated with significant
increases in PGC-1a levels compared to HFD+HC (p = 0.01 and p = 0.003, respectively).
Conclusion

Obesity (HFD+HC) can decrease UCP-1 protein levels in the visceral adipose tissue of rats. In
contrast, HIIT, ADF, and their combination (HII'T+ADF) increase these protein levels. Although this
increase was not statistically significant, the most substantial improvement was seen in the
HIIT+ADF group, indicating a synergistic effect.

Additionally, HFD+HC reduced PGC-1a protein levels in visceral adipose tissue, while HIIT and
HIIT+ADF training increased PGC-1a levels. The increase in the ADF group was not statistically
significant. Overall, HIIT, especially when combined with ADF, appears to enhance PGC-1a. levels,
potentially counteracting the negative effects of HFD+HC-induced obesity. Thus, combining ADF
and HIIT may provide effective strategies to reduce adipogenesis and enhance lipolysis. However,
more research is required to investigate the relationship between PGC-1a levels and adipose tissue
browning under HFD+HC conditions.

Article Message

Our study provides evidence that obesity from HFD+HC downregulates UCP-1 and PGC-1a protein
levels in visceral adipose tissue. We found that HIIT, ADF, and especially HIIT+ADF can effectively
upregulate and maintain these proteins. These interventions not only promote weight loss but may
also enhance metabolic health by increasing lipolysis and promoting adipocyte browning, potentially
protecting against metabolic dysfunction caused by HFD+HC.
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ND: Standard diet, HFD+HC: High-fat and high-carbohydrate diet, HIIT: High-intensity interval
training, ADF: Alternate-day fasting diet, *: Significant difference
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Figure 2. Changes in protein levels of UCP-1 and PGC-1 in the visceral fat tissue of rats in
different research groups
ND: Standard diet, HFD+HC: High-fat and high-carbohydrate diet, HIIT: High-intensity interval
training, ADF: Alternate-day fasting diet, *: Significant difference
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