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Introduction and Purpose: Metabolic syndrome is a set of metabolic defects related
to obesity, which is influenced by sports activities and caloric restriction, and is
related to energy intake and expenditure, fat content, and increased oxidation. The
purpose of this study is to determine the effect of aerobic exercise and calorie deficit
on cellular fatty acid transfer proteins (FATPS) and visceral fat.

Materials and methods: Thirty-two male Wistar rats (age 4 w, weight 139.8+4.9
gr) were randomly divided into the following 4 groups (n: 8 in each group): control:
normal rats/standard food; Diabetic control: diabetic rats/standard food and no
exercise; Calorie restriction: diabetic rats/low-calorie food and no exercise; Aerobic
exercise: diabetic rats/standard food and continuous aerobic exercise. The aerobic
exercise program consisted of 8 weeks, five times a week at a speed of 28 m/min and
running on a treadmill for 60 minutes. The calorie deficit was equivalent to a 25%
reduction in daily food weight.

Results: The results of one-way analysis of variance and Tukey's post hoc test
showed a significant increase in FATP4 gene expression and decrease in FATP1
between the diabetic aerobic exercise and the diabetic calorie restriction group
compared to the diabetic and healthy control groups (P<0.05). The visceral fat
showed the greatest decrease in the diabetic aerobic exercise group, and it decreased
in the caloric restriction group with the diabetic and healthy control groups (P<0.05).
Discussion and Conclusion: Aerobic exercise and caloric restriction increased
FATP4 gene expression and decreased FATP1 in soleus muscle of type 2 diabetic
rats. This condition is probably influenced by the decrease of visceral fat.

Key Words: aerobic exercise, caloric restriction, type 2 diabetes, mitochondrial
FATPs
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Extended Abstract

1. Introduction and Purpose

Type 2 diabetes is a metabolic disorder characterized
by increased blood glucose levels and insulin
resistance in muscle and liver cells. This condition is
influenced by nutritional factors, calorie intake, age,
gender, and genetics. Studies have shown that animals
on a high-fat diet exhibit elevated insulin levels in their
blood circulation, indicating insulin resistance.
Reducing visceral fat is one of the most important
methods for preventing and treating diabetes.
Engaging in physical activity and reducing calorie
intake are two key strategies for decreasing visceral
fat, which in turn improves insulin-glucose
homeostasis. Aerobic exercises promote the oxidation
of fatty acids, a significant source of energy during
exercise. Additionally, calorie restriction (CR)
increases fat oxidation in muscle cells; however, little
is known about the metabolic signals resulting from
the effects of CR. Nonetheless, increased oxidation
and decreased synthesis of fatty acids have been
identified as primary reasons for reducing fat mass. In
the transportation of fatty acids within muscle cells,
specialized transporters facilitate the movement of
these acids toward aerobic oxidation. This process
generates ATP, which is essential for maintaining
muscle contraction over extended periods. The entry
of fatty acids into cells primarily occurs via active
transport, aided by specific transporters, including
fatty acid transfer proteins (FATPSs) located in the cell
membrane, which preferentially bind to their
respective ligands. Among these transporter proteins,
the FATP1 and FATP4 isoforms appear to play crucial
roles in the cellular uptake and utilization of long-
chain fatty acids (LCFAS). In human skeletal muscle,
higher levels of the FATP4 transporter are associated
with increased lipid oxidation, whereas decreased
expression of FATP1 protein is observed during
prolonged endurance exercise. Further studies are
needed to confirm these findings regarding fatty acid
transporters

2. Materials and Methods

A total of 32 male Wistar rats, approximately 4 weeks
old with an average weight of 139.8 + 4.9 grams, were
randomly divided into four groups of eight: 1) Control:
normal rats on a standard diet; 2) Diabetic Control:
diabetic rats on a standard diet with no exercise; 3)
CR: diabetic rats on a low-calorie diet with no
exercise; and 4) Aerobic Exercise: diabetic rats on a
standard diet with continuous aerobic exercise. The
rats were placed on a high-fat diet for 4 weeks, which
induced insulin resistance, and STZ injection led to

beta cell dysfunction. A key feature of this model is
the establishment of stable hyperglycemia. The high-
fat diet was created by adding animal fat to regular
food, resulting in a diet containing 60% fat. For
induction of the HFD-STZ diabetic model, a dose of
35 mg/kg body weight of STZ was injected
intraperitoneally. Calorie restriction, similar to the
exercise program, was implemented for eight weeks.
The rats' diet consisted of a combination of 10% fat,
70% carbohydrates, and 20% protein, with a deduction
of 25% from the average daily energy intake during
the negative energy balance period. The rats in the
training group walked on a treadmill for 10-15 minutes
at a speed of 10-12 m/min for the first week. Then, an
overload phase was implemented over 3 weeks, where
the rats ran on the treadmill for 15 minutes at a speed
of 12 m/min, gradually increasing the intensity and
duration of the exercise to the final target of 28 m/min
over 3 weeks, reaching 75% of maximum oxygen
consumption for a duration of 60 minutes. Finally, the
rats ran for 4 weeks at a speed of 28 m/min for 60
minutes as determined by energy expenditure. The
aerobic exercise program for the aerobic exercise
group was conducted five times a week.

3. Results

The results showed the expression of FATP1 gene in
the soleus muscle of diabetic rats in the aerobic
exercise group compared to the diabetic control
(P=0.001) and healthy (P=0.001) and also in the CR
group compared to the diabetic control (0.001).
(P=0.034) and healthy (P=0.034) had increased
significantly. FATP4 gene expression levels in the
soleus muscle in the aerobic exercise group compared
to the diabetic and healthy controls (P=0.001) and in
the CR group compared to the diabetic and healthy
controls (P=0.003) were significantly reduced.
Visceral fat values were significantly lower in the CR
(P=0.002) and aerobic exercise (P=0.001) groups
compared to the control.

4. Conclusions

FATP1 protein gene expression levels were
significantly lower in the CR and aerobic exercise
groups compared to the diabetic control group. In
contrast, FATP4 gene expression was significantly
higher in the CR group than in the diabetic control and
aerobic exercise groups. The effects of sports activities
and exercises differ from those of CR intervention.
Under CR conditions, total body weight and fat weight
are reduced, which can influence the function of fatty
acid transporter genes related to intracellular
oxidation, including FATP1 and FATP4. Meanwhile,
sports training, particularly aerobic training, not only
improves fat metabolism and reduces visceral fat mass
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but also enhances the mitochondrial capacity of
muscles by increasing physical fitness, regardless of
changes in fat mass. Therefore, the results obtained
from the present study regarding the reduction of
visceral fat mass and gene expression related to fatty
acid transport were anticipated.
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