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Abstract

Aim: Consumption of high-fat and high-carbohydrate diets causes metabolic disorders in
the liver. In contrast, exercise and nutritional interventions are effective strategies to improve
the destructive effects of these types of diets. The aim of the present study was to investigate the
effect of high-intensity interval training and intermittent fasting on markers of lipolysis in liver
tissue of rats fed a high-fat and high-carbohydrate diet. Methods: Thirty Sprague-Dawley male
rats with 8-week-old were randomly divided into standard diet (ND) groups (6), high-fat, high-
carbohydrate diet (HFD+HC) (6), high-fat, high-carbohydrate diet plus exercise
(HFD+HC+HIIT) (6), high-fat, high-carbohydrate diet plus intermittent fasting
(HFD+HC+ADF) (6), and high-fat, high-carbohydrate diet plus exercise and intermittent fasting  Scan this QR code to see the
(HFD+HC+HIIT+ADF) (6). The rats underwent 12 weeks of interventions that included high-  accompanying video, or visit

intensity interval training (HIIT) 5 sessions per week and intermittent fasting (ADF) consisting  jahssp.azaruniv.ac.ir

of one-day periods between eating and fasting. CPT1 and PPARa. protein levels were measured

using Western blotting, and data were analyzed using one-way ANOVA and Tukey post hoc 1. Department of Sport Science,
tests at a significance level (P<0.05). Results: The results showed that high-fat, high- Faculty
carbohydrate diet significantly decreased the protein levels of PPARa and CPT1 in liver tissue
of HFD+HC compared to ND group (P<0.05). However, HIIT significantly increased the protein
levels of CPT1 in liver tissue compared to HFD+HC group (P=0.04). Also, the combination of
HIIT and ADF significantly increased the protein levels of PPARa and CPT1 in liver tissue
compared to HFD+HC group (P>0.05). Conclusions: HIIT and ADF simultaneously had a
significant effect on the expression of PPARa and CPT1 and probably prevent liver disorders
caused by high-fat diets by improving lipid metabolism.
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Extended abstract
Background

High-intensity interval training (HIIT) recognized as a key factor in improving hepatic metabolism. HIIT—due to its
combination of aerobic and anaerobic stimuli and reduced time requirement—has been identified as an effective method
for reducing fat mass, visceral adipose tissue, and intrahepatic fat. Moreover, evidence indicates that HIIT can alleviate
hepatic fibrosis and activate key regulators of lipid metabolism, including PPARa and CPT1.

Previous research examining the effects of a high-fat diet (HFD) and HIIT on hepatic lipid metabolism (both lipogenic
and lipolytic pathways) has reported that, under HFD conditions, HIIT primarily influences fat lipolysis. In addition,
recent studies have demonstrated that HIIT significantly enhances mitochondrial fatty acid oxidation by regulating
mitochondrial enzyme activities, improving mitochondrial function, and activating the AMPK/PPARa/CPT1a axis, while
simultaneously inhibiting hepatic de novo lipogenesis in HFD-induced obese rats. These adaptations contribute to
improved hepatic steatosis and reduced inflammatory markers in obese rats with non-alcoholic fatty liver disease.

In this context, recent meta-analyses support the synergistic effects of exercise training and intermittent fasting on several
cardiometabolic markers and body composition parameters. However, further research is required to evaluate the
combined impact of HIIT and alternate-day fasting (ADF) on hepatic lipolysis markers. To date, most studies have
examined these interventions separately, and limited information is available regarding their combined effects on hepatic
fat metabolism and the expression of PPARa and CPT1. Therefore, the present study aimed to investigate the effects of
HIIT and ADF on key hepatic lipolytic factors, including PPARa and CPT1, in rats fed a high-fat, high-carbohydrate diet.
The findings of this study may provide deeper insight into the mechanisms regulating hepatic lipid metabolism and
contribute to the development of novel therapeutic strategies for metabolic disorders associated with unhealthy dietary
patterns.

Materials and Methods

The present study employed an experimental, post-test control group design. Following approval from the Ethics
Committee (IR.UT.SPORT.REC.1403.021) and adherence to animal care guidelines, thirty male Sprague—Dawley rats (8
weeks old) were purchased from the Pasteur Institute of Karaj. After acquisition, the animals were transferred to the
Physiology Laboratory Animal Facility at the University of Kashan in accordance with the regulations of the Laboratory
Animal Care Committee to ensure proper handling and compliance with scientific research standards.

Experimental design

After a one-week period of acclimatization and familiarization with the laboratory environment and treadmill running,
the rats were randomly assigned to five groups (n = 6 per group): Normal diet (ND), High-fat and high-carbohydrate diet
(HF+HC), High-fat and high-carbohydrate diet with high-intensity interval training (HF+HC+HIIT), High-fat and high-
carbohydrate diet with alternate-day fasting (HF+HC+ADF), and High-fat and high-carbohydrate diet with both HIIT and
alternate-day fasting (HF+HC+HIIT+ADF).

Training protocol

The training protocol in the present study consisted of high-intensity interval training (HIIT) performed for 12 weeks,
five sessions per week, on a treadmill set at a 5° incline. The HIIT regimen was adapted from the protocol of Khalafi et
al. (2020) and included seven bouts of high-intensity running, each lasting 4 minutes at 85-90% of maximal running
speed, interspersed with 2-minute periods of active recovery at 50% of maximal running speed.

Assessment of studied factors: Biochemical variables were measured at the end of the experiment. Forty-eight hours
after the final training session and following a 12-hour overnight fast, the rats were anesthetized via intraperitoneal
injection of a ketamine—xylazine mixture (ketamine: 75 mg/kg; xylazine: 10 mg/kg). After complete anesthesia was
confirmed, cardiac blood sampling was performed. The collected blood samples were centrifuged at 3000 rpm for 15
minutes, and the resulting serum was separated and stored at —80°C for subsequent analyses. Liver tissue was carefully
excised, rinsed in physiological saline, immediately transferred to cryotubes, immersed in liquid nitrogen, and stored
under the same conditions before being transported to the laboratory center for further processing. The body weight of
the rats was recorded weekly, on the same day and at a fixed time, from the first week until the end of the study. Protein
levels of PPARa and CPT1 were measured using the Western blot technique. The primary and secondary antibodies used
included CPT1-C (B-1): sc-514555, PPARa (H-2): sc-398394, GAPDH (6C5): sc-32233, m-IgGk BP-HRP: sc-516102,
and mouse anti-rabbit 1gG-HRP: sc-2357. Band quantification was performed using ImageJ densitometry software
(National Institutes of Health, Bethesda, Maryland, USA) (30).

Statistical analysis
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Statistical Analysis. After data collection, statistical analyses were performed using SPSS software (version 20) at a
significance level of P < 0.05. Following confirmation of data normality using the Shapiro—Wilk test, independent t-tests,
one-way analysis of variance (ANOVA), and Tukey’s post hoc test were applied to determine significant differences in
variables among the experimental groups.

Results

PPARG. The results indicated that twelve weeks of a high-fat and high-carbohydrate diet led to a significant reduction in
hepatic PPARa protein levels compared with the ND group (P = 0.001). The HIIT intervention alone did not produce a
significant change in hepatic PPARa levels compared with the HF+HC group (P = 0.12). Likewise, ADF alone did not
significantly affect hepatic PPARa levels relative to the HF+HC group (P = 0.23). However, the combined HIIT and ADF
intervention resulted in a significant increase in hepatic PPARa protein levels compared with the HF+HC group (P =
0.05) (Figure 2).

CPT1. Twelve weeks of a high-fat and high-carbohydrate diet significantly decreased hepatic CPT1 protein levels
compared with the ND group (P = 0.004). HIIT alone significantly increased hepatic CPT1 levels compared with the
HF+HC group (P = 0.04). However, ADF alone did not significantly affect hepatic CPT1 protein levels relative to the
HF+HC group (P = 0.12). In contrast, the combined HIIT and ADF intervention resulted in a significant elevation of
hepatic CPT1 protein levels compared with the HF+HC group (P = 0.001) (Figure 3).

Discussion

The findings of the present study demonstrated that consumption of a high-fat, high-carbohydrate diet for 12 weeks
resulted in reduced levels of hepatic lipolytic markers, including PPARa and CPT1. The results further indicated that both
HIIT and intermittent fasting were partially effective in mitigating the adverse effects of such diets on hepatic lipolysis.
Moreover, the combination of these two interventions produced synergistic effects, leading to significant improvements
in hepatic lipolytic indices. Therefore, HIIT combined with intermittent fasting appears to represent a promising strategy
for individuals seeking to enhance liver function and counteract the negative metabolic consequences of unhealthy dietary
patterns. Nevertheless, further studies are required to elucidate the precise underlying mechanisms and to assess the long-
term sustainability of these effects.

Article message

These findings suggest that integrating HIIT with intermittent fasting may serve as an effective strategy to enhance liver
function and counteract the detrimental metabolic impacts of unhealthy diets. Further research is warranted to clarify
the underlying mechanisms and to evaluate the long-term sustainability of these interventions.
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