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Introduction and Purpose: The process of reverse cholesterol transport, which
includes the collection of excess cholesterol from the surrounding tissues and its
return to the liver for bile formation, is affected by exercise training with different
durations and intensities. The purpose of the present study was to investigate the
effect of swimming training at two different times on the expression of genes
affecting the reverse cholesterol transport in the liver tissue of male rats.
Materials and Methods: This applied cross-sectional study conducted on 18 male
rats (21020 g) randomly divided into three groups of six: control, moderate and
long-term swimming. The training groups swam in water at 30 + 2° C for ten weeks,
5 days per week. In each session, the moderate-term group swam for one hour and
the long-term group for three hours. The left lobe of the liver was separated and
gene expression was measured using real-time PCR method by Ampligon Master
Mix, and DNA synthesis kit made in Denmark. Differences were determined by
One-Way ANOVA, and comparison of groups was determined by Tukey's post hoc
test (P<0.05).

Results: In long-term group, the expression values of ABCA1 and ApoAl gene
were significantly increased compared to the control group (P=0.04), and the ApoB
gene was significantly increased compared to the control group (P=0.003), and the
moderate-term group (P=0.009).

Discussion and Conclusion: It seems that long-term exercise has a greater effect
on the process of reverse cholesterol transport compared to moderate-term exercise.
Therefore, choosing the training time for athletes or liver patients can significantly
affect cholesterol levels.

Key Words: Reverse cholesterol transport, Liver, medium-term exercise, long-
term exercise
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Extended Abstract

1. Introduction and Purpose

Reverse cholesterol transport is a process mediated by
transporters, categorized as ABC transporters (A-G
based on sequence). ABCAL, the first and most
prominent member of the ABC transporter family, is
expressed in the liver and macrophages. Both ABCA1
and ABCGL1 regulate the efflux of cholesterol and
phospholipids from macrophage foam cells. The
extracellular acceptor for this process, lipid-poor or
minimally lipidated apolipoprotein Al (ApoA-I), is a
key factor in the initial stage of reverse cholesterol
transport. Regarding other genes involved in reverse
cholesterol transport, apolipoprotein B (ApoB) is the
primary structural component of LDL cholesterol and
VLDL cholesterol. The interaction between ApoB and
the LDL receptor plays a crucial role in its uptake from
peripheral cells and the liver. Exercise studies have
demonstrated that physical activity can positively
influence key steps in reverse cholesterol transport,
including increased HDL levels, cholesterol efflux
from cells, ApoA-I formation and volume, and Pre-
Beta HDL and LCAT activity. Safarzadeh et al. (2014)
found that 12 weeks of aerobic running training
significantly increased the expression of ABCA1 and
ApoA-I genes in the liver tissue of male mice. Batcher
etal. (2008) observed that eight weeks of low-intensity
exercise training increased the expression of ABCA1
and ABCGL1 genes. Despite the known effects of
various exercise modalities on reverse cholesterol
transport, the impact of swimming training with
different session durations on this crucial factor in
cholesterol removal from peripheral tissues warrants
further investigation, as the influence of aerobic
exercises with varying durations may have been less
extensively studied.

2. Materials and Methods

This study employed a cross-sectional design
involving 18 male Wistar rats (210+20 grams)
randomly divided into three groups of six: control,
intermediate swimming, and long-term swimming.
The training groups swam in 30£2 °C water for 10
weeks, five days per week. Each session lasted three
hours for both the intermediate-term and long-term
groups. The left lobe of the liver was isolated, and real-
time PCR was used to measure gene expression using
Ampligon Master Mix and a Danish-made DNA
synthesis kit. One-way ANOVA was used to
determine differences among the groups, followed by
Tukey's post-hoc tests for pairwise comparisons (at a
significance level of P<0.05).

3. Results

One-way ANOVA revealed significant differences in
ABCAl and ApoAl gene expression among the
groups (df =5.001). Tukey's post-hoc tests indicated
that the long-term swimming training group exhibited
significantly higher levels of ABCA1 and ApoAl
gene expression compared to the control group
(P=0.04). However, there were no significant
differences in ABCG1 gene expression between the
control and experimental groups. Additionally, the
expression of the ApoB gene was significantly
increased in the long-term swimming training group
compared to both the control group (P=0.003) and the
medium-term swimming training group (P=0.009).

4. Conclusions

The findings suggest that the intensity and volume of
exercise are positively correlated with their effects on
blood lipid profiles and apolipoproteins. Long-term
swimming activity may influence the expression of
ABCAL, ApoAl, and ApoB genes by increasing
adiponectin levels. Additionally, vigorous exercise
training likely exerts its effects on reverse cholesterol
transport through changes in fat metabolism,
phospholipid metabolism, mitochondrial biogenesis,
and other mechanisms. Previous research has
demonstrated that physical activity or exercise can
increase adiponectin levels, which in turn enhances
reverse cholesterol transport. Conversely, adiponectin
deficiency has been shown to inhibit ABCAl
expression and ApoAl synthesis. In the present study,
10 weeks of long-term swimming training in mice
demonstrated that submaximal, long-term training,
compared to shorter-duration training, can more
effectively facilitate reverse cholesterol transport in
the liver. This suggests that such training may be a
beneficial strategy for athletes and patients.
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