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A B S T R A C T

Background: Heart and gastrocnemius muscles function as highly oxidative and fast 
oxidative-glycolytic tissues and consume lipid and other metabolites at rest and dur-
ing exercise. Exercise at low to moderate intensity increases fat mobilization and lipid 
metabolism, and several genes are involved in lipid and cholesterol metabolism (e.g. 
membrane-associated fatty acid transport proteins and ATP-binding cassette trans-
porters [ABC] from adipose and other tissues).
Objectives: The purposes of the current study were to investigate the effect of chronic 
physical exercise training on (a) heart- and gastrocnemius-muscle ABCA1 expression 
and (b) plasma apolipoprotein-A (apo-A) and pre-β-HDL concentrations.
Materials and Methods: 10 adult male Wistar rats (12 to 14 weeks old, 200 to 220 g) were 
divided into control (n = 5) and training (n = 5) groups. The training group was exer-
cised on a motor-driven treadmill at 25 m/min (0% grade) for 60 min/day, 5 days/week, 
for 12 weeks. Rats were sacrificed 48 h after the last exercise session. A portion of the 
heart and gastrocnemius muscles were excised, immediately cleaned, washed in ice-
cold saline, and frozen in liquid nitrogen for extraction of ABCA1 mRNA. Unpaired t 
student tests were used to analyze the data.
Results: Higher and significant ABCA1 expression, plasma apo-A, and pre-β-HDL concen-
trations were found in the trained rats than in the control group.
Conclusions: The results indicate that exercise-training-induced ABCA1 expression in 
heart and gastrocnemius muscles was accompanied with higher plasma apo-A and 
pre-β-HDL concentrations. This might reinforce the initiation of reverse cholesterol 
transport process. 
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  Implication for health policy/practice/research/medical education: 
The role of ABCA1 as a key element  an  initiator of reverse cholesterol transport (RCT) process and important factor in  HDL formation 
has been well established. The results of the current article might be useful for cardiologist, researchers in lipid metabolism , dysfunc-
tion and obesity  area, epidemiologist,  pharmacologist, athletes and who want to have healthy life style. 

 c  2010 Kowsar M.P.Co. All rights reserved.

  Please cite this paper as: 
Ghanbari-Niaki A. Treadmill exercise training enhances ATP-binding cassette protein-A1 (ABCA1) expression in male rats’ heart and 
gastrocnemius muscles. Int J Endocriol Metab. 2010; 8(4):206-10.

1. Background

The effects of regular exercise on blood-lipid and lipo-

protein profiles, improvement of cardiovascular func-
tion, prevention of atherosclerosis, and enhancement 
of reverse cholesterol transport process and its elements 
are well established (1-5). The formation of high-density 
lipoprotein HDL as a heart disease predictor and antirisk 
factor as well as an antioxidant is also well known (6-8). 
The remodeling of HDL by plasma elements is a complex 
process that requires several factors, such as lipoprotein 
lipase (LPL), hepatic lipase (HL), lecithin-cholesterol ac-
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yltransferase (LCAT), cholesteryl ester transfer protein 
(CETP), phospholipid transport protein (PLTP), and ATP-
binding cassette transporters (ABC), particularly ABCA1 
(8, 9). HDL assembly initially involves the cell surface 
ABCA1, a member of the ABC super family. ABCA1 trans-
ports cellular phospholipides (PL) and cholesterol to ex-
tracellular lipid-poor apolipoprotein-A (apo-A-1), and this 
is followed by the remodeling in the plasma compart-
ment of HDL by specific plasma factors (8, 10, 11). ABCA1 
is a ubiquitous protein expressed abundantly in the 
liver, brain macrophages, heart, skeletal muscles, and 
other tissues in humans and other animals (12-16). Data 
regarding ABCA1 expression and exercise are very sparse, 
and only very few studies have focused on the effects of 
physical activity on ABCA1 expression in leukocytes, vas-
tus lateralis muscles, the liver, and the small intestine in 
human and animal subjects (1, 17, 18).

2.Objectives

It is well known that cardiac and gastrocnemius mus-
cles are both metabolic organs with different functions 
and fuel consumption at rest. However, during exercise 
these muscles consume somewhat similar fuel sources. 
Thus, after our  research on the expression of ABCA1 in 
the liver and small intestine as a main source of HDL se-
cretion, I aimed to examine whether exercise-induced 
ABCA1 expression would be a key and initial element in 
the reverse cholesterol transport (RCT) process in these 
metabolic organs would be accompanied with possible 
changes in other plasma factors that are involved in plas-
ma HDL remodeling. In addition, knowledge concern-
ing the effects of exercise training on ABCA1 expression 
in heart and gastrocnemius muscle tissues is also  lack-
ing. Thus, this study was conducted to investigate the 
effects of a 12-week treadmill exercise-training regimen 
on ABCA1 expression on the heart and gastrocnemius 
muscle tissues and to determine whether a possible  ex-
ercise-induced change in ABCA1 expression would be ac-
companied with changes in plasma apo-A and pre-β-HDL 
concentrations in male rats.

3. Materials and Methods 
3.1. Animal Experiments

All experiments involving the animals were conducted 
according to the policy of the Iranian Convention for 
the Protection of Vertebrate Animals Used for Experi-
mental and other Scientific Purposes. The protocol was 
approved by the Ethics Committee of the School of Medi-
cal Sciences, Tarbiat Modares University (TMU), Tehran, 
Iran. Ten male Wistar rats (12 to 14 weeks old, 180 to 210 
g) were acquired from Pasteur's Institute (Tehran, Iran) 
and kept in the Central Animal House, School of Medi-
cal Sciences, TMU. The animals were housed 5 per cage 
(46 L in volume, 24.5 × 15 × 8 in) with a 12 hour, 12 hour 
light–dark cycle. Temperature and humidity were main-

tained at 22°C ± 1.4°C and 55.6% ± 4.0%, respectively. The 
rats were provided food (a pellet rodent diet) and water 
ad libitum. The rats were randomly assigned to training 
groups (n = 5) and control (n = 5).  Treadmill training be-
gan with familiarization of rats with the apparatus for 4 
days by placing them on the motorized-driven treadmill 
that was located at the same place as animals were host-
ed. Strewment was changed every 4 days, and the same 
person handled and exercised the rats throughout the 
study. 

3.2. Exercise training protocol 

First, the animals were familiarized with the rat tread-
mill apparatus each day for 4 days (the 14-lane motorized-
driven treadmill was designed by the primary author; 
TMU, Tehran, Iran). After a progressive-overload period 
for 10 days, the exercise group was trained for the next 
12 weeks using the same training methods previously 
described.5,18 (1,17). The rats ran on a treadmill at 25 m/
min for 60 minutes, 5 d/wk for the designated number 
of weeks. The animals were killed 48 hours after the last 
exercise session. Food but not water was removed from 
the rat cages 4 hours before tissue harvesting.

3.3. Tissue biopsies

Thirty-seven hours after the last training session, rats 
were anesthetized with intraperitoneal administration 
of a mixture of ketamine (30 to 50 mg/kg body weight) 
and xylazine (3 to 5 mg/kg body weight). Afterwards, 
the heart and gastrocnemius  muscles were excised, 
cleaned, divided into 2 pieces, washed in ice-cold saline, 
and immediately frozen in liquid nitrogen for extraction 
of ABCA1 mRNA. The frozen heart and gastrocnemius 
muscles were stored at −80°C until the analyses were 
performed.

3.4. ABCA1 expression

The quick-frozen heart and gastrocnemius muscle 
samples were powdered with a cold mortar and pestle, 
and approximately 50 mg was used to isolate the RNA. 
Total RNA was extracted by the guanidine thiocyanate 
method.19 Relative expression levels of ABCA1 mRNA in 
the heart and gastrocnemius were determined using a 
semiquantitative PCR method, which has been described 
in detail elsewhere (1, 8). All reactions were repeated a 
minimum of three times to ensure repeatability. All PCR 
products were electrophoresed on an agarose gel and 
bands were visualized by ethidium bromide staining 
and quantified by computer integrated densitometry 
(Eastman Kodak, New Haven, CT, USA). Levels of mRNA 
were expressed as a ratio of signal intensity for the ß-ac-
tin gene. Optical density at a 260/280 ratio (spectromet-
ric ratio, Eppendorf equipment) was employed as a tool 
for the assessment of the quality of the extracted RNA, 
and the cDNA was synthesized only for the sample and 
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had a 260/280 ratio between 1.85 and 2.

3.5. Plasma apo-A and Pre-β-HDL concentrations
Plasma pre-β-HDL was separated according to Khaba-

zian et al. (1) agarose electrophoresis method, and the as-
says of apo-A1 in the pre-β-HDL band were conducted us-
ing a Rat Apo-A1 Enzyme immunoassay kit (Wuhan USCN 
Sciences Co. Ltd., Wuhan, China).

3.6. Statistics 

The Kolmogorov-Smirnov test was used to determine 
the normality of the distribution, and variables were 

found to be normally distributed. All data are expressed 
as means ± SE. All variables were compared with un-
paired t tests. All statistical analyses were performed in 
SPSS (version 13). All P values < .05 were considered sig-
nificant. 

4. Results

Heart ABCA1 expression was significantly (P < .001)
higher in the trained rats than in the control rats (Figure 
1a). A higher and significant ABCA1 expression was also 
observed in the trained rats’ gastrocnemius muscles 
(Figure 1a & 1b). The data also revealed that ABCA1 expres-
sion was significantly higher in the control and trained 
rats’ heart muscles when compared with the control and 
trained rats’ gastrocnemius muscles (Figure 1c). Resting 
plasma apolipoprotein-A (apo-A; Figure 2a) and pre-β-HDL 
concentrations were significantly higher in the trained 
rats than in the control group (Figure 2b).

5. Discussion

The major findings of the present study are that exer-
cise training significantly increased the expression of 
ABCA1 in rats heart and gastrocnemius muscles, which 
were accompanied by significant changes in plasma 
apo-A and pre-β-HDL concentrations in trained male rats. 
The current study is the first to determine the effects of 
long-term exercise (12 weeks) on heart and gastrocne-
mius-muscle ABCA1 expression. Considering the level of 
ABCA1 expression in the heart and gastrocnemius mus-
cles, the present data confirm previous findings in some 
cattle and tree-shrew tissues (12, 16) and did not support 
other reports by investigators who used real-time PCR 
techniques and human and bovine tissues (12, 13, 15). For 
instance, Willington et al. (15) used reverse transcriptase-
polymerase chain reaction (RT-PCR), and on the basis of 
the relative abundance of ABCA1 mRNA in murine tis-
sues, the investigators divided tissues into three groups. 
The highest ABCA1 mRNA expressions were observed 
in the liver, kidney, adrenal, heart, bladder, testis, and 
brain tissues. Moderate expression was observed in the 
lung, adipose, esophagus, stomach, and small-intestine 
tissues. Large intestine, skeletal muscle, thymus, and 
spleen tissues consistently revealed relatively low levels 
of ABCA1 mRNA (15). Zeng et al. (16) reported that the pat-
terns of real-time PCR for testing the relative expression 
of ABCA1 mRNA in various tissues of three tree shrews in-
dicated that the highest expression was observed in the 
lung tissue, followed by the liver, kidney, and spleen tis-
sues. Medium expression levels were observed in the car-
diac muscle and gall bladder, with low concentrations 
in the adipose tissue, testis, brain, and intestine, and no 
expression was observed in the skeletal muscles. Regard-
ing changes in ABCA1 expression, apo-A, and pre-β-HDL 
with exercise training, the current findings are consis-
tent with the three existing studies (1, 8, 19) in this area. 

Figure 1. Semiquantitative RT-PCT of heart (a) and gastrocnemius (b) 
muscles’ ABCA1 and β-actin  mRNA expression in control and trained wild 
male rats and ABCA1/ B-actin mRNA expression ratio (%) in the heart and 
gastrocnemius muscles in control and trained wild-type male rats (c).  

a

a

Trained vs. control rats (5 rats per group) and Heart vs. gastrocnemius 
muscle. Each column represents each group (5 rats per group).
Data are expressed as means ± SE.

(a)

b(c)

(b)
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Wellington et al. (15) classified tissue distribution of mu-
rine ABCA1 mRNA by using the ratio of ABCA1 mRNA to 18s 
rRNA (using the maximal concentration of 18s rRNA com-
petimer) as determined by RT-PCR and then by densito-
metric quantitation of band intensity on an ethidium 
bromide-stained agarose gel and also used Western blot 
techniques. They divided the relative ABCA1 abundance 
into three groups—high, moderate, and low—and report-
ed that heart and muscle were classified into the high 
and low groups, respectively. Ghanbari-Niaki et al. (17) 
reported that treadmill running for 6 weeks enhanced 
ABCA1 expression in rat livers. A similar result was report-
ed in rat livers and small intestines by Khabazian et al. 
(1). Ghanbari-Niaki et al. (17) reported that a single session 
of circuit resistance exercise at different intensities in-
creased peripheral blood lymphocyte ABCA1 expression 
in young female college students. The mechanism(s) by 
which the exercise training can influence ABCA1 mRNA 
expression in heart and gastrocnemius muscles is poorly 
understood. The literature has established that PPAR is 
a  nuclear receptor similar to the liver X receptor (LXR) 
and retinoid X receptor (RXR) that regulates the expres-
sion of genes controlling lipid and glucose metabolism 
(20) Three PPAR isoforms (α, β/δ, γ) are widely expressed 

in metabolic tissues including the heart, liver, skeletal 
muscle, and kidneys (21, 22). PPAR agonists’ four fibrates 
(fenofibrate, bezafibrate, gemfibrozil, and LY518674) 
have been shown to regulate ABCA1 expression and HDL 
biogenesis (23, 24). On the other hand, the effect of exer-
cise training on PPAR mRNA expression has been taken 
into consideration by several researchers (25-28). Fatone 
et al. (25) reported that 2 sessions per week of combined 
aerobic exercise (at 55 to 70% of maximal oxygen uptake) 
and resistance circuit training (at 60 to 80% of 1 rep-
etition maximum) resulted in a significant increase in 
PPAR-α after 6 and 12 months, whereas PPAR-γ increased 
only after 6 months. Spangenburg et al. (28) suggested 
that acute exercise and training for 12 weeks resulted in a 
greater degree of PPAR mRNA expression in the gastroc-
nemius and plantaris muscles, but PPAR-γ mRNA levels 
were lowest in the skeletal muscles. Butcher et al. (29) re-
ported that low-intensity activity (walking 10,000 steps 
3 times/week) resulted in significant changes in LXR 
receptor-gene expression in human leukocytes. Changes 
in plasma and tissue adiponectin concentrations and 
expression following an exercise training program was 
considered to be an effective factor for regulation of  
ABCA1 expression (1, 30, 31). It also possible that the heart 
and gastrocnemius muscles, as the most important tis-
sues in the overall uptake of both apo-A-I and cholesteryl 
ethers, as well as lipoprotein lipase activity, might be in-
volved in cholesterol metabolism (32-35). In summary, 
this is the first study to demonstrate the effect of exercise 
training on ABCA1 expression of the heart and gastrocne-
mius muscles. The present study also clearly shows that 
treadmill exercise induced a more pronounced increase 
in gastrocnemius ABCA1 mRNA expression than in heart 
tissue. The expression of ABCA1 in heart and gastrocne-
mius muscle might have protective effects on the tissue 
itself and reinforce the liver and small intestine by initi-
ating the RCT process and HDL formation in the plasma. 
Further investigation of the effects of exercise training 
on the expression and concentration of PPAR isoforms in 
heart and skeletal muscle is warranted.
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*  Trained vs. control rats (5 rats per group) 
Data expressed as means ± SE. 

Figure 2. (a) Plasma apo-A concentration in control and trained wild male 
rats,  and (b)  pre-β-HDL concentration in control and trained wild male rats. 

b

a(a)

(b)

* P<0.004

* P<0.004



Int J Endocrinol Metab. 2010;8(4):206-210

210 ABCA1, lipid metabolism, reverse cholesterol transport (RCT), treadmill exercise training Ghanbari-Niaki A

References

1. Khabazian BM, Ghanbari-Niaki A, Safarzadeh-Golpordesari A, 
Ebrahimi M, Rahbarizadeh F, Abednazari H. Endurance training 
enhances ABCA1 expression in rat small intestine. Eur J Appl 
Physiol. 2009;107(3):351-8.

2. Long X, Bratz IN, Alloosh M, Edwards JM, Sturek M. Short-term 
exercise training prevents micro- and macrovascular disease 
following coronary stenting. J Appl Physiol. 2010;108(6):1766-74.

3. Olchawa B, Kingwell BA, Hoang A, Schneider L, Miyazaki O, 
Nestel P, et al. Physical fitness and reverse cholesterol transport. 
Arterioscler Thromb Vasc Biol. 2004;24(6):1087-91.

4. Wang YH, Hu H, Wang SP, Tian ZJ, Zhang QJ, Li QX, et al. 
Exercise benefits cardiovascular health in hyperlipidemia rats 
correlating with changes of the cardiac vagus nerve. Eur J Appl 
Physiol. 2010;108(3):459-68.

5. Wilund KR, Feeney LA, Tomayko EJ, Weiss EP, Hagberg JM. Effects 
of endurance exercise training on markers of cholesterol 
absorption and synthesis. Physiol Res. 2009;58(4):545-52.

6. Bittner V, Johnson BD, Zineh I, Rogers WJ, Vido D, Marroquin 
OC, et al. The triglyceride/high-density lipoprotein cholesterol 
ratio predicts all-cause mortality in women with suspected 
myocardial ischemia: a report from the Women’s Ischemia 
Syndrome Evaluation (WISE). Am Heart J. 2009;157(3):548-55.

7. Bruckert E, Hansel B. HDL-c is a powerful lipid predictor of 
cardiovascular diseases. Int J Clin Pract. 2007;61(11):1905-13.

8. Yokoyama S. ABCA1 and biogenesis of HDL. J Atheroscler Thromb. 
2006;13(1):1-15.

9. Lee JY, Parks JS. ATP-binding cassette transporter AI and its role 
in HDL formation. Curr Opin Lipidol. 2005;16(1):19-25.

10. Attie AD. ABCA1: at the nexus of cholesterol, HDL and 
atherosclerosis. Trends Biochem Sci. 2007;32(4):172-9.

11. Oram JF, Vaughan AM. ATP-Binding cassette cholesterol 
transporters and cardiovascular disease. Circ Res. 
2006;99(10):1031-43.

12. Farke C, Viturro E, Meyer HH, Albrecht C. Identification of the 
bovine cholesterol efflux regulatory protein ABCA1 and its 
expression in various tissues. J Anim Sci. 2006;84(11):2887-94.

13. Kielar D, Dietmaier W, Langmann T, Aslanidis C, Probst M, 
Naruszewicz M, et al. Rapid quantification of human ABCA1 
mRNA in various cell types and tissues by real-time reverse 
transcription-PCR. Clin Chem. 2001;47(12):2089-97.

14. Langmann T, Klucken J, Reil M, Liebisch G, Luciani MF, Chimini 
G, et al. Molecular cloning of the human ATP-binding cassette 
transporter 1 (hABC1): evidence for sterol-dependent regulation 
in macrophages. Biochem Biophys Res Commun. 1999;257(1):29-33.

15. Wellington CL, Walker EK, Suarez A, Kwok A, Bissada N, Singaraja 
R, et al. ABCA1 mRNA and protein distribution patterns predict 
multiple different roles and levels of regulation. Lab Invest. 
2002;82(3):273-83.

16. Zeng WW, Zhou B, Liu HR, Sun GT, Chen BS. Identification of the 
tree shrew ATP-binding cassette transporter A1 (ABCA1) and its 
expression in tissues : cDNA sequence and expression of tree 
shrew ABCA1. Mol Biol Rep. 2009;36(3):443-8.

17. Ghanbari-Niaki A, Khabazian BM, Hossaini-Kakhak SA, 
Rahbarizadeh F, Hedayati M. Treadmill exercise enhances 
ABCA1 expression in rat liver. Biochem Biophys Res Commun. 
2007;361(4):841-6.

18. Hoang A, Tefft C, Duffy SJ, Formosa M, Henstridge DC, Kingwell 
BA, et al. ABCA1 expression in humans is associated with 
physical activity and alcohol consumption. Atherosclerosis. 
2008;197(1):197-203.

19. Khabazian BM, Hosseini Kakhak SA, Rahbarizadeh F. Time Course 

ABCA1 Expression in Response to Acute Endurance Exercise: 2171: 
Board# 50 June 3 3: 30 PM-5: 00 PM. Medicine & Science in Sports & 
Exercise. 2010;42(5):533.

20. Ghanbari-Niaki A, Saghebjoo M, Hedayati M. A single session of 
circuit-resistance exercise effects on human peripheral blood 
lymphocyte ABCA1 expression and plasma HDL-C level. Regul 
Pept. 2011;166(1-3):42-7.

21. Chinetti-Gbaguidi G, Rigamonti E, Helin L, Mutka AL, Lepore M, 
Fruchart JC, et al. Peroxisome proliferator-activated receptor 
alpha controls cellular cholesterol trafficking in macrophages. 
J Lipid Res. 2005;46(12):2717-25.

22. Francis GA, Annicotte JS, Auwerx J. PPAR-alpha effects on the 
heart and other vascular tissues. Am J Physiol Heart Circ Physiol. 
2003;285(1):H1-9.

23. Barger PM, Kelly DP. PPAR signaling in the control of cardiac 
energy metabolism. Trends Cardiovasc Med. 2000;10(6):238-45.

24. Ogata M, Tsujita M, Hossain MA, Akita N, Gonzalez FJ, Staels B, et 
al. On the mechanism for PPAR agonists to enhance ABCA1 gene 
expression. Atherosclerosis. 2009;205(2):413-9.

25. Fatone C, Guescini M, Balducci S, Battistoni S, Settequattrini 
A, Pippi R, et al. Two weekly sessions of combined aerobic and 
resistance exercise are sufficient to provide beneficial effects in 
subjects with Type 2 diabetes mellitus and metabolic syndrome. 
J Endocrinol Invest. 2010;33(7):489-95.

26. Iemitsu M, Miyauchi T, Maeda S, Tanabe T, Takanashi M, 
Irukayama-Tomobe Y, et al. Aging-induced decrease in the 
PPAR-alpha level in hearts is improved by exercise training. Am J 
Physiol Heart Circ Physiol. 2002;283(5):H1750-60.

27. Sixt S, Beer S, Bluher M, Korff N, Peschel T, Sonnabend M, et al. 
Long- but not short-term multifactorial intervention with focus 
on exercise training improves coronary endothelial dysfunction 
in diabetes mellitus type 2 and coronary artery disease. Eur Heart 
J. 2010;31(1):112-9.

28. Spangenburg EE, Brown DA, Johnson MS, Moore RL. Alterations 
in peroxisome proliferator-activated receptor mRNA expression 
in skeletal muscle after acute and repeated bouts of exercise. 
Mol Cell Biochem. 2009;332(1-2):225-31.

29. Butcher LR, Thomas A, Backx K, Roberts A, Webb R, Morris K. Low-
intensity exercise exerts beneficial effects on plasma lipids via 
PPARgamma. Med Sci Sports Exerc. 2008;40(7):1263-70.

30. Matsuura F, Oku H, Koseki M, Sandoval JC, Yuasa-Kawase 
M, Tsubakio-Yamamoto K, et al. Adiponectin accelerates 
reverse cholesterol transport by increasing high density 
lipoprotein assembly in the liver. Biochem Biophys Res Commun. 
2007;358(4):1091-5.

31. Oku H, Matsuura F, Koseki M, Sandoval JC, Yuasa-Kawase M, 
Tsubakio-Yamamoto K, et al. Adiponectin deficiency suppresses 
ABCA1 expression and ApoA-I synthesis in the liver. FEBS Lett. 
2007;581(26):5029-33.

32. Borensztajn J, Rone MS, Babirak SP, McGarr JA, Oscai LB. Effect of 
exercise on lipoprotein lipase activity in rat heart and skeletal 
muscle. Am J Physiol. 1975;229(2):394-7.

33. Delcher HK, Fried M, Shipp JC. Metabolism of lipoprotein 
lipid in the isolated perfused rat heart. Biochim Biophys Acta. 
1965;106(1):10-8.

34. Glass C, Pittman RC, Civen M, Steinberg D. Uptake of high-
density lipoprotein-associated apoprotein A-I and cholesterol 
esters by 16 tissues of the rat in vivo and by adrenal cells and 
hepatocytes in vitro. J Biol Chem. 1985;260(2):744-50.

35. Sviridov D, Kingwell B, Hoang A, Dart A, Nestel P. Single session 
exercise stimulates formation of pre beta 1-HDL in leg muscle. J 
Lipid Res. 2003;44(3):522-6.


