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Abstract

Introduction: Reverse cholesterol transport (RCT) is a term used to describe the efflux of excess cellular 
cholesterol.  ABCG8 is a member of the ABCG family that play a critical role in this process. It has been 
reported that several factors (nutrients, fasting and physical stress) could affect on gene expression. Thus, the 
current study was conducted to investigate the effect of endurance exercise with or without Baneh extraction 
on the expression of liver ABCG8 in female rat.

Material and Methods: In this study twenty wistar rats (six to eight weeks old, 125-135 g weight) were 
used.  Animals were randomly assigned into training (n = 10) and control (n = 10) groups and further divided 
into saline-control (SC), saline-training (ST), and Baneh-control (BC), and Baneh-training (BT). Training 
groups was given exercise on a motor-driven treadmill at 25 m/min (0% grade) for 60 min/day, 5 days/week 
for eight weeks. Animals were fed as the oral with Baneh extraction and saline for four week. 72 hours after 
the last training session and after four hours fasting, rats were sacrificed and liver total RNA isolated, after 
PCR procedure, ABCG8 gene expression was detected by Real-time PCR method. Statistical analysis were 
performed using a one way analysis of variance and significance was accepted at P < 0.05. 

Results: Results demonstrated that independently Baneh extraction reduce ABCG8 gene expression in liver 
(P<0.013). Exercise training increase ABCG8 relative gene expression than BC (P<0.016) and BT (P<0.011) 
groups; however exercise don’t have independent significant effect on ABCG8 fold change at the end of the 
program (P<0.27). 

Discussion and Conclusion: Our findings show that hepatic cholesterol in saline-control group significantly 
was lower than Baneh groups (P<0.001) and there wasn’t significant change between other groups.
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Introduction 

Reverse cholesterol transport (RCT) is process 
that, excess cholesterol from peripheral tissues is 
returned to the liver where they are broken down and 
excreted [1, 2]. This process prevents the sticking of 
macrophages with cholesterol to the lining cell and 
arterials [3, 4]. This process of reverse cholesterol 
transport mediates by the ABC transporters. ABC 
family based on Sequence and arrangement are 
divided to A-G categories [5]. ABCG is subfamily 
of ABC super family which has been considering as 
lipid transporter. ABCG has sever sub members 
such as ; ABCG 1, ABCG 2, ABCG 3, ABCG 4, 
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ABCG 5, ABCG 8, ABCG 11, ABCG 12, ABCG 
26[6-9]. All the ABCG except G2 plays an 
important role in the reverse cholesterol transport 
process [10]. Recently it has been shown that 
ABCG1 acting as one of element of RCT in 
macrophage [11-13]. In addition to ABCG1, some 
studies focused on the action of ABCG8. Four 
mammalian ABCG members, namely the 
homodimers ABCG1:ABCG1 and ABCG4:
ABCG4 and the heterodimer ABCG5:ABCG8, 
have been shown to have a role in transporting 
sterols across membranes [14]. This protein has 
important in the transport of various materials such 
as amino acids, organic particles, peptides, sugars, 
Lipopolysaccharides, many drugs and proteins [5, 
15]. It has been reported that ABCG8 is expressed 
in different tissues such as liver and small intestine 
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[16]. Over the last few decades in most countries the 
rate of curing people using alternative therapy, 
particularly dietary supplements and herbal, to 
improve the types of diseases has increased. Herbal 
medicine has fewer side effects and now also 
recommended by the World Health Organization. 
Experiences of traditional Chinese medicine used to 
control body weight are gained. More than two 
thousand years ago, doctors began to recognize and 
treat the obesity, over one hundred traditional 
Chinese herb used for weight loss [17]. The effect of 
dietary supplement on healthy men have shown that 
walnuts oil, has properties that decreases blood total 
cholesterol [18]. The Effect of silymarin on animals 
that fed with  high-fat diets shown that this plant has 
been a positive effect on plasma lipoproteins profile 
[19]. It has been reported that several factors 
(nutrients, fasting, physical stress) could effect on 
ABCG gene expression. Sobolova et al reported that  
silymarin has a positive feedback on ABC 
Transporters [20]. In recent years some research has 
been done on the ABC family. Ghanbari-Niaki et al 
had shown that endurance exercise (six weeks at 25 
meters per minute to 90 minutes a day, five days a 
week) increasing ABCA1 gene expression in rat 
liver. Also The plasma levels of  high density 
lipoprotein cholesterol (HDLC), Pre β HDL and 
lecithin cholesterol asyltransferas (LCAT) 
significantly increased [21]. Khabazian et al 
showed that  12 weeks of aerobic exercise (at 25
meters per minute to 60 minutes a day, five days a 
week) increase mRNA expressions of ABCA1 in 
rat’s small intestine [22]. it has been shown that 
eight weeks of low-intensity exercise (walking), 
significantly up-regulated ATP-binding cassette 
transporters A1 and GI (ABCA1 and ABCG1,
respectively) [23] However, no research has 
examined the effect of exercise on ABCG8 gene 
expression, also knowledge about the effect of 
Pistachia atlantica on tissue ABCG8 gene                          
expression is lacking. Pistacia atlantica (Baneh) are 
plants of Anacardiaceae family that is rich in                       
antioxidants and unsaturated fatty acid. High levels 
of polyunsaturated fatty acids found in nuts can be 
caused by loss of appetite and its role in weight loss 
and plasma lipids is evident. It is Shown that this 
plant leave contains anti-oxidative compounds that 
reduce the amount of free radicals [24]. The total 
amount of essential oil obtained from Pistachia             
atlantica is higher than any other species of the                   
genus Pistachia [25]. Also Pistachia has                               

anti-inflammatory effect. In this research, the                  
possibility of exercising and Pistachia atlantica           
(Baneh) effect on relative gene expression of 
ABCG8 was studied.

Material and Methods
Plant material  

The ripped fruit samples of Pistachia atlantica
(Baneh) were collected from the fields of Maibod 
in the Yazd province of Iran, and were stored at                
–18 ° C until use.  Plant Material was identified by                    
herbarium collection in our department.

Preparation of the extracts   
The extracts were prepared by maceration (72h) 

of the coarsely powdered hull and kernel of 
Pistachia atlantica, with 150 ml tap water for 45 
min at room temperature and filtering twice through 
No. 4 filter. The volume of the filtered solution was 
increased to 100 ml with tap water so that 1ml was 
equivalent to 100 mg of starting material [26]. The 
freshly prepared extracts were used immediately 
after cooling in the experiments. The use of                      
distilled water for the extraction was omitted, since 
the herbalists recommend using these traditional 
medicines after boiling in tap water. After training 
100 mg/kg liquid extraction of Baneh was assigned 
to the Baneh groups as oral and the same amount of 
saline was fed to saline groups.

Animals
All experiments involving the animals were        

conducted according to the policy of the Iranian 
convention for the protection of vertebrate animals 
used for experimental and other scientific purposes; 
and the protocol was approved by the Ethics         
Committee of the Sciences, University of                            
Mazandaran (UMZ) and Babol University of                      
Medical Sciences (BUMS, Mazandaran, Iran). 
Twenty Wistar female rats (6-8 weeks old125-135 
g) were acquired from Pasteur's Institute (Amol, 
Mazandaran) and maintained in the Central Animal 
House of Faculty of Physical Education and Sports 
Science of UMZ. Five rats were housed per cage 
(46-L volume) with a 12-hour: 12-hour light-dark 
cycle. Temperature and humidity were maintained 
at 22°C ± 1.4°C and 55.6% ± 4.0%, respectively. 
Temperature was maintained at 22°C ± 1.4°C. Diets 
(a pellet form) and water were provided ad libitum. 
Animals were randomly assigned into control (n = 
10) and training (n = 10) groups. Rats were further 
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divided into saline-control (SC), saline-training 
(ST), and Baneh-control (BC), and Baneh-training 
(BT). The control group remained sedentary,                     
whereas the training group underwent a moderate 
running exercise program. 

Exercise training protocol
At first, the animals were familiarized with the 

rat treadmill apparatus, each day and for 4 days (the 
14-lane motorized-driven treadmill was designed 
by the primary author (UMZ, Babolsar,                              
Mazandaran, Iran). The exercise group was trained 
for 8 weeks using the same training methods                  
previously described [21, 22]. The rats were run at 
25 m/min for 60 minutes, 5 d/wk. The animals were 
killed 72 hours after the last exercise session. Food 
but not water was removed from the rat cages 4 
hours before the sacrifices.

Tissue biopsies 
Seventy-two hours after the last training session, 

rats were anesthetized with intra peritoneal                     
administration of a mixture of ketamine (30– 50 mg 
/ kg body weight) and xylazine (3– 5 mg / kg body 
weight). Liver were excised, cleaned, divided into 
two pieces, washed in ice-cold saline, and              
immediately frozen in liquid nitrogen and stored at 
− 80 ° C until RNA extraction.  

RNA isolation, cDNA synthesis and Real-time 
PCR 

Total RNA was extracted from 80 to 100 mg of         
tissue using RNA purification kits (Accu Zol, Bioneer 
company). Complementary DNA (cDNA) was                  
extended from oligo-(dt)18 primers (0.25 μg per                      
reaction) using cDNA synthesis kit (AccuPower RT 
PreMix) according to the manufacturer’s instructions. 
Real-time PCR was performed on light Cycler                    
apparatus (Corbet). Real-time quantitative PCR was 
performed using QuantiFast SYBR Green PCR Kit 
(Cat. No. 204052; Qiagen, GmbH, Germany) in using 
15 l reaction containing 0.5 l single-strand cDNA, 
7.5l Master Mix, 1 l of the each forward and reverse 
primers (5 pmol/l) and 5 l dH2O in a final reaction 
volume of 15 l. ABCG8 sense primer;                                 
׳CGTCAGATTTCCAATGACTTCCG-3-׳5 and                    
antisense primer were 5׳-
TCCGTCCTCCAGTTCATAGTACA-3׳ (AF351785, 
241 bp), respectively [27]. The β-actin sense and                     
antisense primers were; 5׳-

TATCGGCAATGAGCGGTTCC-3׳ and 5׳-
CACTGTGTTGGCATAGAGG-3׳ (NM_031144 
,145 bp), were used as a normalizer gene respectively 
[28]. 
Liver cholesterol levels

Liver cholesterol was measured by ELISA                 
method (Greiner, Bahlingen kit made in Germany) 
and 5 mg/dl Sensitivity.

Statistical analysis
The data were analysed using the comparative 

threshold cycle method (CT). Briefly, Δ-CT value 
calculated by taking the CT of the ABCG8 gene 
and subtracting it from CT of β-actin. The ΔΔ-CT 
was calculated by subtracting the  Δ-CT(sample) 
values from the Δ-CT(control). The relative                   
quantification was then calculated by the                         
expression 2-ΔΔCT[29]. The Kolmogorov-Smirnov 
test was used to determine the normality of                     
distribution, and variables were found to be               
normally distributed. All results are expressed as 
means ± SEM. Statistical analysis were performed 
using a one way analysis of variance. Least 
significant difference post hoc test was used in the 
event of a significant (P < .05) F ratio. All 
statistical analysis was performed with SPSS 
(Version 13; SPSS, Chicago, IL).

Results 
Data analysis revealed significant difference in 

liver ABCG8 relative gene expression between
groups (F=3.581, P<0.039) (Fig.1). Therefor using 
a suitable post hoc test, data were showed that liver 
relative expression of ABCG8 mRNA was higher 
in ST group compared with BC (P<0.016) and BT 
(P<0.011) groups at the end of program (Fig.1). On 
the other hand, a lower ABCG8 relative expression 
were found in Baneh groups (P<0.013) (Fig.1) and 
exercise no significant effect as independent factor 
on ABCG8 gene expression (P<0.27).  Our findings 
show that hepatic cholesterol in SC group                       
significantly was lower than BC and BT groups 
(P<0.001) (Fig. 2) and there wasn’t significant 
change between other groups.

Discussion and Conclusion

To our knowledge, this is the first study to                  
demonstrate alterations of liver ABCG8 relative 
gene expression and cholesterol levels in response 
to a treadmill running and Baneh crud extraction 
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regime on female rat. The major findings of the 
present study were a higher ABCG8 relative 
mRNA gene expression in saline trained liver than 
Baneh-control and Baneh-trained groups. Other 
finding was a lower ABCG8 mRNA expression in 
Baneh groups compared with saline animals. 
ABCG8 is expressed in different tissues such as 
liver and small intestine [16, 30] Graf et al by 
Northern blot analysis method showed that the                
expression of ABCG5 and ABCG8 overlapped in 
the liver and small intestine and, to a lesser extent, 
in the colon, where both ABCG5 and ABCG8 are 
expressed at the apical membrane [31]. In this study 
we detected ABCG8 relative gene expression in 
liver tissue by Real time PCR method that is                
concurrent with previous reported in tissues 
ABCG8 gene expression. In the present study,                 
exercise increase ABCG8 relative mRNA gene       
expression in liver tissue (Fig.1). ABCG8, ABCG1 
and ABCA1, play a critical role in process of                 
reverse cholesterol [4, 11]. In recent year several 
studies was made on ABCA1 transporter [21, 22]. 
They found that exercise increases liver and                  
intestine ABCA1 gene expression. Also, it has been 
shown that eight weeks of low-intensity exercise 
(walking), significantly up-regulated ATP-binding 
cassette transporters A1 and GI (ABCA1 and 
ABCG1, respectively) [23].  All  the Four of the 
five mammalian ABCG members, ABCG1, 
ABCG4, ABCG5, ABCG8, have been shown to 
have a role in transporting sterols across                       

membranes [14]. Therefor its possible increase in 
ABCG1 is consistent with our ABCG8 finding in 
this study after treadmill running program. It has 
been shown that a high-fat diet suppresses ABCA1, 
ABCG4 and ABCG8 gene expression [32].                     
Previous research using GC and GC-MC methods 
showed that pistachios are rich in essential oils 
[33]. Baneh is oil seed and is enrich fatty acids. 
Analysis of the Pistachia atlantica var. Mutica         
essential oil by GC-MS method, shown that it          
composed by α-pinene (70%), β-pinene (1.94%), 3-
carene (0.2%), carveol (2.18%), epoxypinene 
(2.15%), limonene oxide (9%), myrtenol (5.31%), 
limonene (0.62%), citral (5.72%), α-phellandrene 
(0.2%), and β-myrcene (0.3%). The total amount of 
essential oil obtained was 22% v/w which is higher 
than any other species of the genus Pistacia [25]. 
Important point of this research is reduction of 
ABCG8 gene expression by Baneh in liver that 
probably is due to Baneh high fatty acid (Fig.1). 
Also the previous study shown that the lymphatic 
absorption of cholesterol in rats were fed by                  
high-fat diet sesame oil, has declined [34]. In the 
high-fat regime many chilomicron formed and              
cholesterol accumulation in liver is due to this 
[35].Our findings show that hepatic cholesterol in 
saline-control group was significantly lower than 
Baneh groups, that consistent with the results were 
fed by high-fat diet sesame oil.

0 .0

0 .5

1 .0

1 .5

2 .0

2 .5

3 .0

3 .5

L
iv

er
 A

B
C

G
8 

F
o

ld
 C

h
an

g
e

*p<0.013

*p<0.011

*p<0.016

B anehSaline

B TBCSC ST

Figure1: Real-time PCR of liver ABCG8 relative mRNA expression in saline- control (SC), saline-training (ST), 
Baneh-control (BC), and Baneh-training (BT) wild-type female rats. Wild-type female rats Data expressed as mean ± 
SEM. Each column is for each group and 5 rat per group
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Figure2: Liver cholesterol levels in saline-control (SC), saline-training (ST), Baneh-control (BC), and Baneh-training 
(BT) wild-type female rats. Wild-type female rats Data expressed as mean ± SEM. Each column is for each group and 5 
rat per group

In summary, this investigation was about effect 
of eight weeks endurance training and Pistachia
atlantica extraction on expression of ABCG8 
transporter in female rats and this study confirms 
that ABCG8 transporter expresses in liver tissue. 
The main findings of the present study were higher 
and significant ABCG8 mRNA fold changes in      
liver tissue following treadmill running program in 
female rat. Others main finding was lower and               
significant ABCG8 gene expression in Baneh              
animals compare to Saline groups. Our study shows 
that, Pistachia atlantica (Baneh) can probably            
reduce ABCG8 relative gene expression in liver 
tissue due to its essential fatty acids. On the other 
hand, exercise increases the ABCG8 relative gene 
expression. Also probably Pistachia atlantica               
extraction can increase intestinal cholesterol                 
synthesis that provided sufficient Cholesterol for 
the formation of chilomicrons. Lymphatic                      
absorption of cholesterol by high-fat sesame oil has 
declined that probably reduces reverse cholesterol 
transporter and probably its reason of increase in 
hepatic cholesterol.
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