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Introduction
 

he high prevalence of obesity caused 

increase of obesity management studies 

and its related cardiovascular diseases 

and metabolic risk factors. Disorders in lipid 

metabolism, specially increased cholesterol 

and triglycerides and decreased concentrations 

of plasma high density lipoproteins (HDL) are 

factors predisposing patients to cardiovascular 

diseases. In addition, the sedentary lifestyle 

causes obesity and cardiovascular diseases 

(1,2). The lipid profile and atherogenic ratio 

(the ratio of low density lipoprotein (LDL) to 

HDL) are important markers predicting 

dyslipidemia, atherosclerosis and 
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Abstract 
Objective: Atherosclerosis of coronary arteries is the most 

significant cause of disability and mortality worldwide and the most 

efficient physiological process reducing the risk of this disease is 

RCT. ABCG8 plays a crucial role in the reverse transfer of 

cholesterol from macrophages to the liver. The aim of this study is 

to study the effect of eight weeks aerobic exercise on the 

atherogenic ratio and the ABCG8 gene expression in peripheral 

blood mononuclear cells globules in women with overweight. 

Materials and Methods: The statistical populations were 

overweight women in Mashhad who were referred to gyms. Among 

the eligible population, 30 women were included and divided 

randomly into two groups of exercise and control. Aerobic exercise 

sessions were three times a week. A blood sample was taken from 

all cases 48 hours before the first exercise session and 24 hours after 

the last exercise session. After the separation of mononuclear blood 

globules, the gene expression was studied via RT-PCR and the 

atherogenic ratio was measured by special kits. 

Results: The data demonstrated that exercise has a significant 

effect on the increase of ABCG8 gene expression in PBMC globules 

(P-value:0.001, t=5.40), and on the decrease of atherogenic ratio (P-

value:0.01, t=-2.86). 

Conclusion: Based on the findings of the present study, eight 

weeks of aerobic exercise could lead to an increase in ABCG8 gene 

in overweight women and improve the function of reverse 

cholesterol transportation.  

Keywords: Aerobic exercises, ATP binding cassette transporter, 

PBMC polymer, HDL, LDL 
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cardiovascular diseases. Any alteration in 

normal levels of lipids predisposes people to 

the risk of cardiovascular diseases and 

abnormal function of endothelial cells. The 

reverse transfer of cholesterol is a process in 

which cholesterol is transferred to HDL in 

peripheral cells and HDL transfers cholesterol 

to other blood lipoproteins (LDL and VLDL) 

or to the liver to be excreted in feces or bile 

(3,4). The cholesterol accumulation reduction 

in artery walls prevents development of 

atherosclerosis. The cholesterol movement 

which is a part of RCT (Reverse Cholesterol 

Transport) process considered as the process 

of the macrophages inside artery walls excrete 

cholesterol out of the cell in order to reach 

HDL and its main apolipoprotein, Apo A1 (5). 

This stops the macrophages containing 

cholesterol from attaching to artery walls, as 

well as maintaining cell cholesterol 

homeostasis and preventing atherosclerosis 

(6,7). It is generally believed that HDL plays 

its role in the prevention of cardiovascular 

diseases through the reverse transfer of 

cholesterol, and the process of reverse 

cholesterol transfer is mediated by ABC 

transporters. ABC transporters are proteins 

that hydrolyze ATP and consume the energy to 

stimulate the transfer of different molecules 

through cell membranes (8). ABCG (ATP 

binding cassette type G), is a big family of this 

set including subsets such as ABCG1, 

ABCG2, ABCG3, ABCG4, ABCG5 and 

ABCG8. ABCG8 is considered to have an 

important role in the reverse transfer of 

cholesterol from macrophages to the liver 

(9,10). ABCG8 is also considered as the main 

transferor of biliary cholesterol and its 

expression was shown in different body tissues 

such as liver, intestines, visceral fat and blood 

cells (11). Mutation in ABCG5 and ABCG8 

lead to an increase of intestinal cholesterol 

absorbance and herbal esterol and a decrease 

in their biliary excretion which increases the 

concentration of herbal esterols in plasma over 

200 times (12). They secrete herbal esterols 

and cholesterol from enterocytes into the 

intestines and excrete them from hepatocytes 

into the bile, and thus reduce their absorption 

and through this action, they participate in the 

excretion of excess cholesterol from coronary 

artery walls and the reduction of blood 

cholesterol levels and reduce the risk of 

atherosclerosis and heart stroke. In fact, 

esterols are the main substrates from ABCG5 

and ABCG8 (13).  

Regular physical exercise is an effective 

method to improve blood lipid profile, 

specially increasing HDL and expansion of 

RCT mechanism in order to prevent the 

atherosclerosis of coronary arteries (14). The 

effect of exercise and physical activity on RCT 

features is a novel issue. Few studies have 

been performed on the effect of aerobic 

exercise on the ABCG8 gene expression in 

PBMC (Peripheral blood mononuclear cells), 

cells and atherogenic ratio (LDL/HDL) in 

overweight women. However, the ABCG8 

gene expression has been studied in the 

intestinal cellules in rats after endurance 

exercises in multiple studies. Ghanbari-Niaki 

et al. (2012) analyzed the effect of eight weeks 

on the ABCG8 gene expression in the 

intestinal cellules of female rats. Ghanbari-

Niaki et al. (2012) also studied the effect of six 

weeks of endurance exercise and Pistachio 

atlantica (Baneh) extraction on the relative 

expression of ABCG4, ABCG8, tissue ghrelin 

and nesfatin genes in female rats (15). On the 

expression of this gene in human, Rambod 

Khajei et al. (2016) studied the effect of 8 

weeks of aerobic exercise on lipid profile 

changes, Apoprotein B to A1 ratio and gene 

expression of monocyte LXR-α (Liver X 

receptor), and ABCG5 in middle-aged men 

after cardiac bypass surgery (16). On the same 

subject, Jafari (2016) studied the effect of six 

weeks of cardiac rehabilitation on the ABCG8 

gene expression in the cells of middle-aged 

men after CABG (17). The studies are 

indicative of the role of physical activity on 

key phases in the reverse cholesterol transfer 

process including increasing the amount of 

HDL, increasing the outflow of cholesterol 

from cellules, increasing the formation and 

size of ApoA-1, increasing pre-beta, plasma 
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HDL and increasing LCAT enzyme activity. 

Nevertheless, there have been limited studies 

contemplating the direct effect of regular 

exercise on ABCG8 gene expression as the 

primer in formation of HDL particles and the 

process of the reverse transfer of cholesterol in 

human cases. Thus, in the present study, we 

intended to analyze the effect of aerobic 

exercise on ABCG8 gene expression and the 

atherogenic ratio in the reverse transfer of 

cholesterol in overweight women. 
 

Materials and Methods 
This study has been performed in a couple of 

athletic complexes in Mashhad. Amongst the 

qualified people, 30 subjects volunteered to 

participate in the study and were randomly 

placed in two groups of exercise and control. It 

should be noted that all subjects participating 

voluntarily in the study filled a questionnaire 

consisting of personal information, medial 

history and assessment of physical activity. 

The main inclusion criteria were the age range 

of 30-40, with a BMI higher than 25 and fat 

percentage of more than 30, no menopause, 

complete health and lack of any cardiovascular 

disease or usage of certain supplements or 

medications. 

 

Exercise protocol 
Aerobic exercise sessions were held three 

times a week. Each session included a 10-

minute warm up and then 30 minutes of 

different aerobic movements exercise. The 

length of exercise sessions was 30 minutes in 

the first weeks and increased gradually to 45 

minutes in the last week. (Each week, 2 

minutes were added to the total time of the 

main exercise and in the final week the time 

length of the main exercise reached 45 

minutes.) The exercises started with 55 percent 

of maximum heart rate in the first week and 

gradually the intensity was increased and in 

the final week reached to 75 percent of the 

maximum heart rate in the subjects, and at the 

end of each session, there was a 10-minute 

cool down. The scholar controlled the intensity 

of exercise sessions using Polar heart rate 

sensor. 

 

Laboratorial methods 
After matching the diet of subjects by a 

nutritionist, a fasting blood sample of 10 cc 

was drawn from the median cubital vein of all 

subjects in resting position (sitting) in 48 hours 

before the first exercise session and 48 hours 

after the last session. The samples were then 

moved to vials containing anticoagulants 

(EDTA). The separation of PBMC was done 

using the Ficoll solution. PBMC cells were 

submerged in liquid nitrogen and crushed 

completely by a mortar and pestle for mRNA 

purification. In order to reach mRNA, the 

damaged tissue was homogenized in buffer 

RLT and then the tissue powder and liquid 

nitrogen were poured into a 2-milliliter 

RNase-free microcentrifuge tube and the 

liquid nitrogen was allowed to evaporate while 

the lymphocytes stay frozen. Sufficient buffer 

RLT was added. Lysate was transferred 

directly to the QIAshredder spin column in the 

tube and was centrifuged in high speed for 2 

minutes. For the synthesis of cDNA, 200 

nanograms of mRNA was analyzed using 

Oligo (dT) primer and a special kit. In order to 

study the relative expression of ABCG8 gene, 

the RTPCR method was used. In the end, PCR 

products underwent electrophoresis and placed 

on Agarose gel to be photographed. Finally, 

the results were obtained using the UV Tech 

system and the Beta-actin sums were obtained 

for each subject, the numbers were divided by 

the Beta-actin values and multiplied by 100 to 

reach mRNA amounts related to ABCG8 for 

each subject as percentage (18). In addition, 

the amounts of atherogenic factors 

(LDL/HDL) were measured using Pars 

Azmoon kits and ELISA method. 

 

Statistical analysis 
After the ensuring the normal distribution of 

the data with Shapiro-Wilk test, paired-t test 

was used for intragroup comparison and 

independent T-test for intergroup comparison. 
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The data was then analyzed by SPSS version 

16 software with the significance level of 0.05. 

 

Results 
The results of this study indicate that aerobic 

exercise increases the ABCG8 gene expression 

of m-RNA in PBMC cells (t=5.409, P=0.001) 

and reduces the atherogenic ratio significantly 

(t=2.861, P=0.01).  

 

Discussion 
The data demonstrated that exercise has a 

significant effect on the increase of ABCG8 

gene expression in PBMC globules and on the 

decrease of atherogenic ratio. 

The ABCG8 gene is expressed in different 

tissues such as the liver, small intestine, lungs 

and also white blood globules. The reason for 

selecting PBMC as the target tissue in the 

present study was its accessibility compared to 

other tissues. It has also been reported recently 

that the ABCG8 transferor expression level is 

an independent risk factor for the prediction of 

atherosclerosis (19). 

The atherosclerosis of coronary arteries is the 

most important reason of disability and 

mortality worldwide and the most important 

physiological process reducing the risk of this 

disease is RCT. In general, the results are 

indicative of the fact that aerobic exercise has 

led to a significant increase in ABCG8 gene 

expression in PBMC cells. On the subject of 

the expression of this gene in human subjects, 

Rambod Khajei et al. (2016) studied the effect 

of 8 weeks of aerobic exercise on lipid profile 

changes, Apoprotein B to A1 ratio and gene 

expression of monocyte LXR-α and ABCG5 

in middle-aged men after cardiac bypass 

surgery and concluded that monocyte LXR-

α and ABCG5 gene expression was increased 

significantly in the experiment group 

 
Figure 1. Changes in ABCG8 gene expression amounts in control and exersice groups before and after the exercise protocol  

 
Figure 2. Changes in Atherogenic ratio in control and exercise groups before and after the exercise protocol 
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compared to the control group. In addition, TG 

and LDL levels and Apoprotein B to A1 ratio 

decreased in the experiment group whereas the 

plasma HDL increased (16). On the same 

issue, Jafari (2016) demonstrated that 6 weeks 

of cardiac rehabilitation exercise increases 

ABCG8 gene expression in PBMC cells in 

middle-aged men after CABG (17). In 

addition, Ghanbari-Niaki et al. (2012) 

conducted a research on female rats, studying 

the effect of 6 weeks of endurance exercise 

and Pistachia atlantica (Baneh) extraction on 

the relative gene expression of ABCG 4, 

ABCG8, tissue ghrelin and nesfatin (15). 

In general, the present study demonstrates that 

8 weeks of aerobic exercise compared to the 

control group, leads to an increase in ABCG4, 

ABCG8 and tissue nesfatin gene expression. 

The results of this study prove the effect of 

aerobic exercises on the increase in the 

amounts of these two transporters which play 

fundamental roles in the reverse transport of 

cholesterol and increase of HDL production 

and are crucial in the health maintenance of 

heart and arteries. It has also been established 

that the increase in ABCG5 and ABCG8 gene 

expression is accompanied by an increase in 

the amounts of lipase lipoprotein, liver lipase, 

pre-beta HDL and LCAT, and that the increase 

in these markers may be of great importance in 

the prevention of cardiovascular diseases 

(20,21). 

In this study, the ABCG8 gene expression has 

been demonstrated in PBMC cellules after 

exercise training. It may be expected that the 

ABCG8 in PBMC cell membrane along with 

ABCA1 and ABCG1 cooperate in the 

management of the cholesterol secreting from 

the cellule and reaching Apo-A1, forming 

HDL and reduce the risk of atherosclerotic 

wounds and heart attack (22). The reduction in 

cholesterol biosynthesis decreases the 

intracellular cholesterol content. In 

hepatocytes, the reduction in cholesterol 

content decreases the secretion of lipoproteins 

containing Apo-B and increases the activity of 

LDL receptor. Both these actions lead to a 

decrease in blood LDL levels (23). Increase in 

ABCG8 gene expression may also reduce the 

production of Apo-B, which is the main 

substrate for LDL production (24). 

Furthermore, the suppression of 3-hydroxy-3-

methylglutaryl coenzyme A (HMG-CoA) 

reductase, an enzyme in the cholesterol 

biosynthesis pathway, leads to a decrease in 

VLDL production and an increase in LDL 

receptor gene expression in liver. Both these 

changes lead to a reduction in plasma LDL 

levels (25). In general, the reduction of 

atherogenic ratio and increase of ABCG8 gene 

expression in PBMC cells noticed in this 

study, may decrease the risk of atherosclerosis 

among subjects. In this study, we only 

analyzed the effects of exercise on the 

mononuclear cellules of blood. The 

demonstrated effects are reflecting similar 

influences in cellules such as endothelial cells, 

lipid cells, liver cells and other cellules 

participating in lipid metabolism. The results 

of the effects of exercises on these cells could 

be added to the results of this study.  

 

Conclusions 
Gathering these tissues requires a complex and 

aggressive process. Despite the apparent effect 

of exercise on ABCG8 transporters, studies are 

required to establish the effect of exercise on 

this key element in cholesterol excretion from 

peripheral tissues in high-risk societies among 

the population of patients suffering from 

atherosclerosis and have gone through open-

heart surgery. More research is essential for 

the clarification of the effect of exercise in 

these matters.  
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