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ABSTRACT

Introduction: This study aimed to analyze the effects of endurance training (Aerobic) on the levels of
inflammatory markers (IL-6/TNF-a) and some metabolic parameters in male rats with non-alcoholic fatty
liver disease to investigate the feasibility of using exercise training to reduce inflammation.

Material and Methods: A total of 44 Wistar rats were randomly assigned into two groups: (1) standard diet
group of 22 rats and (Il) high-fat diet group with 22 rats supplemented with free access to fructose water.
After 17 weeks, two rats from each group were sacrificed, and liver tissue was collected for hematoxylin-
eosin staining. Subsequently, the remaining 20 rats in the () group were divided into a training group
(T) and a control group (C). The 20 rats in the (Il) group supplemented with fructose water were divided
into a fatty liver group (FL) and a fatty liver + training group (FL+T), each comprising ten rats. In the next
phase, the T-groups underwent an eight-week endurance training intervention. Then, IL-6, TNF-a, glucose,
insulin, insulin resistance and sensitivity levels were measured.

Results: The results of the present study showed that as a result of a high-fat diet with liquid fructose
in HFD+HF group rats, non-alcoholic fatty liver disease (NAFLD) with complications such as a significant
increase in the levels of IL.-6 and TNF-a, Hepatic dysfunction, and metabolic parameters were disturbed
(p<0.001). However, endurance training improved most of these complications by reversing the disease
process (p<0.001).

Conclusion: According to the results of the present study, it can be concluded that the improvement of
inflammatory markers, liver dysfunction, and metabolic parameters through endurance training is one
of the key mechanisms of exercise in the treatment of NAFLD, the consequences of which may show the
importance of endurance training in treatment of NAFLD highlights.

Keywords: Nonalcoholic fatty liver disease, Metabolic syndrome, Aerobic exercise, Inflammatory markers,
IL-6, TNF-a, Insulin resistance and sensitivity
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1. INTRODUCTION

Non-Alcoholic Fatty Liver Disease (NAFLD)
is the most prevalent chronic liver disease and has
gained momentum across society due to increased
instances of obesity. The global prevalence of
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NAFLD among adults is reported at 32 percent and
more common among men (40%) than women
(26%). The global prevalence of the disease has
increased over time, with 26% reported in the
studies conducted in 2005 increasing to 38% in the
studies conducted in 2016 and later. Studies report
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the prevalence of NAFLD in Iran at 40.08%, which
is above the global average. As fatty liver disease
implies the involvement of the liver in insulin
resistance disorder (i.e., the metabolic syndrome),
its consequence is represented by an increase in
death rates due to cardiovascular complications. In
other words, it appears that the majority of patients
with fatty liver disease die due to the cardiovascular
symptoms of the metabolic disease, long before the
emergence of cirrhosis.

The systemic inflammatory response syndrome
plays a remarkable role in fatty liver disease, and
cytokines secreted by the liver, adipose, and
muscular tissues are key to insulin resistance.
Moreover, there is a correlation between
obesity, insulin resistance, and adipokines and
cytokines involved in the metabolism of fats and
carbohydrates. Studies conducted so far have shown
that inflammatory cytokines like the tumor necrosis
factor alpha (TNF-a) and interleukin-6 (IL-6) are
more highlighted among obese populations and
relevant diseases compared to people with normal
weights. The significant production of inflammatory
cytokines like TNF-a and IL-6 is a key factor in
the development of insulin resistance, fatty liver
disease, diabetes, and metabolic syndrome. On the
other hand, TNF-a disrupts the signaling path of
insulin, including the phosphorylation of insulin
receptor substrate (IRS) in pathological conditions
like chronic inflammation and the emergence of
acute-phase reactions with the increased survival
of inflammatory signals and the stimulation of cell
death.

The primary line of therapy for NAFLD is weight
loss by calorie restriction or physical exercise, which
are utilized to control the condition. Although various
clinical studies have been undertaken to assess the
efficacy of exercise training in treating NAFLD, there
is no consistent result due to the variety of exercise
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protocols, diagnostic indicators, and sample sizes, as
some exercise types may lead to exercise injuries, and
choosing the appropriate exercise for the patient is
essential. This is while more research is still needed
to optimize the intensity and exercise load. On the
other hand, treating NAFLD with medicines is
typically expensive, intrusive, and associated with side
effects; therefore, preventing and treating NAFLD
necessitates a collaborative intervention to provide
a more significant therapeutic result than a single
intervention. The study examined how eight weeks
of endurance training on the levels of inflammatory
markers, insulin resistance, and sensitivity in male
rats with non-alcoholic fatty liver disease. Endurance
training is expected to help decrease NAFLD by
addressing its underlying causes.

2. MATERIAL AND METHODS
2.1. Experimental Animals and Endurance training
Protocol

A total of 44 early-weaned male Wistar rats
were purchased from the Kermanshah University
of Medical Sciences and transferred to the animal
laboratory. In the following phase, 22 rats were
randomly assigned to the regular diet group and
22 to the high-fat diet group, including 60% fat
and 25% fructose water with free access. After 17
weeks, two rats from each group were sacrificed,
and liver tissue was collected for Hematoxylin-
Eosin analysis to establish the absence of alcoholic
fatty liver disease. The remaining 20 rats in the
standard diet group were divided into two groups:
control (C), endurance training (T), and 20 rats in
the high-fat diet group, along with 25% fructose
water, were divided into two groups: fatty liver (FL)
and fatty liver + endurance training (FL+T) (each
group containing ten rats). According to Rodrigues
et al. , the T-groups completed an 8-week exercise
intervention (Figure 1). It should be mentioned

Treadmill test
Standard diet group

N=10
Sedentary (C)
Standard diet group Sample analysis
N=10 After IL-6, TNF-a,
Endurance training (T) 8 Glucose, Insulin,
High-fat diet group week HOMA-IR, and
N=10 QUICKI
Sedentary (FL)

High-fat diet group
N=10
Endurance training (FL+T)

Fig. 1: The experimental design of the study.
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Table 1: Animal Feeds Characteristics

Variable (%)
Protein
Carbohydrate
Fat
Fat (c)
Calories (c/g)

Regular HED 60%
23 24
50/3 26
5/1 35
- 60
3/1 5/2

Fig. 2: Carrying out endurance training of the studied rats on a treadmill.

that the regular and high-fat diet groups received
25% fructose water until the completion of the trial
(Table 1).

2.2. Method of Blood Analysis

Following the application of the independent
variable, all samples were collected under completely
similar conditions and baseline conditions (48
hours after the last exercise session and 12 hours
of fasting to eliminate the acute exercise effects)
via intraperitoneal injection of a combination of
xylazine (5 mg/kg) and ketamine (60 mg/kg). A
blood sample for measuring IL-6, TNF-a levels,
liver enzymes, lipid profile, insulin, and glucose
were centrifuged at three thousand revolutions per
minute to analyze blood variables. After separating,
the serum was stored at -80 degrees Celsius. Then,
based on the results obtained from the blood insulin
and glucose values, the samples’ insulin resistance
(HOMA-IR) and insulin sensitivity (QUICKI)
were quantified using the standard formula.
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2.3. Statistical Analysis

The Shapiro-Wilk test was utilized to examine
the datas normal distribution. The one-way
analysis of variance statistical method and Tukey’s
post hoc test were considered at a significance level
of p<0.05 to reject or accept hypotheses, while the
paired t-test was utilized to evaluate differences
between two groups.

3. RESULTS AND DISCUSSION

The inflammatory markers analysis results
showed that the IL-6 and TNF-a in the serum of
the FL group were notably higher than those of
the other groups (p<0.001). Also, the difference
was significant between the exercise and sedentary
groups (p<0.001). These findings demonstrate that
increased inflammation in mice with NAFLD is
evident, and endurance exercise can improve the
imbalance of serum inflammatory markers (Table
3). In addition to other findings of the present study,
it was evident that FL group rats exhibited reduced
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Fig. 4: Investigation of inflammatory markers and metabolic parameters in male rats with nonalcoholic fatty liver disease in the study

groups: control group (C), endurance training group (T), nonalcoholic fatty liver group (FL), and nonalcoholic fatty liver group with

endurance training (FL+T). Data are presented as means+standard deviations. A: Comparison chart of TNF-a index, B: Comparison

chart of IL-6 index, C: Comparison chart of glucose index, D: Comparison chart of insulin index, E: Comparison chart of insulin

sensitivity index, F: Comparison chart of insulin resistance index, G: Comparison chart of body weight index. Control group (C), En-

durance training group (T), Non-alcoholic fatty liver group (FL), and non-alcoholic fatty liver group with endurance training (FL+T).
*; Significant difference at P<0.001 level.

glucose tolerance and insulin sensitivity compared
to rats in the C, T, and FL+T groups. In contrast,
the T and FL+T groups demonstrated improved
glucose tolerance and insulin sensitivity compared
to FL mice, with this difference being statistically
significant (p<0.001); furthermore, the results from
the analysis of serum insulin levels and the insulin
resistance index (HOMA-IR) indicated that insulin
levels and HOMA-IR were significantly elevated
in FL group rats, At the same time, these values
were notably lower in the C, T, and FL+T groups
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(p<0.001). These data underline that endurance
exercise can promote glucose tolerance, insulin
levels, resistance, and sensitivity (Figure 4).

The analysis of histopathologic changes in the
liver showed that feeding a high-fat diet increased
lipid (macrovesicular steatosis) in the liver. In the
trained groups (T and FL+T groups), training led
to the improvement of lipid indices as well as the
reduction of hepatic steatosis seen in the FL+T
group. In addition, the size of liver fat droplets, as
well as their shape (change from macrovesicular
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Fig. 5: Investigation of histopathological changes in liver tissue in the study groups: control group (C), endurance training group (T),
non-alcoholic fatty liver group (FL), and non-alcoholic fatty liver group with endurance training (FL+T).

to microvesicular shape), in the FL+T group
compared to the FL group improved significantly. In
addition, HE staining of rat liver tissue showed that
rats fed a HFD with fructose for 17 weeks showed
a typical appearance of fatty acid infiltration in the
liver, indicating that fat metabolism was disrupted,
and endurance training effectively alleviated these
pathological characteristics. The lipid droplets in
the FL+T group were smaller and lower in content,
indicating that lipid deposition in the liver was
alleviated (Figure 5).

4. CONCLUSIONS

This research examined the impact of
endurance exercises on the clinical indicators of
liver tissue in male rats in the NAFLD model. The
results of the present study showed that endurance
exercises can improve the onset of NAFLD by
reversing its causative factors; however, only an
exercise intervention coupled with a lifestyle
change can reverse NAFLD. The study presented
here examines the underlying mechanism of how
endurance exercises affect NAFLD by investigating
the impact of the IL-6/TNF-a /IRS axis on NAFLD
pathogenesis in the liver.

Metabolic,  endocrine  pathways,  and
cardiorespiratory targeted by chronic endurance
exercises have been extensively identified in
the literature. Exercise positively modifies the
genetic characteristics of the mouse liver by
reducing pathways related to insulin resistance,
steatosis, fibrosis, and inflammation, suggesting a
therapeutic approach for liver diseases. It has also
been demonstrated that exercise interventions in
humans and animals combat various stages of non-
alcoholic steatohepatitis (NASH) development.
This research used a non-stress endurance exercise
protocol that improves the spectrum of liver injuries
in NAFLD. The present study exercise protocol
allowed rats to exercise for long periods with a

Journal of Health and Safety at Work 2024; 14(4)

controlled approach. The gradual increase in speed
and intensity of exercise allows the animal to adapt
without any undesirable stimuli, such as electric
shock. This research identified the reduction in
the IL-6/TNF-a /IRS and structural improvement
resulting from endurance exercises in the NAFLD
model and its potential protective role.

This study determined that endurance exercises
significantly improve inflammation, liver dysfunction,
and metabolic disorders resulting from a high-fat diet
(HFD) along with liquid fructose. These findings
indicate that reducing the inflammatory markers
through endurance exercises is one of the critical
mechanisms of exercise in treating NAFLD. These
findings highlight the importance of endurance
exercises in treating NAFLD.
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