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ABSTRACT
BACKGROUND AND OBJECTIVE: The expression of adhesion molecules in the heart tissue is considered as an
important indicator in the estimation of coronary artery disease risk. Since physical activity is effective in reducing
symptoms of cardiac disease, the purpose of the present study was to investigate the effect of eight weeks of continuous
endurance training on ICAM-1 and VCAM-1 expression in the heart tissue of rats.
METHODS: In this experimental study, 12 eight weeks male Wistar rats with an average weight of 263+12 g were
randomly divided into 2 groups: control (n=6) and exercise (n=6) were divided. The training program included 8 weeks
of running on a treadmill with a 70 to 75% VO2max intensity (five days a week and 30 minutes each day). The expression
of ICAM-1 and VCAM-1 genes were measured by Real-time PCR and compared in two groups.
FINDINGS: The results showed that 8 weeks of continuous endurance training reduced the expression of ICAM-1 in
the heart tissue. In comparison, there was a significant difference between the control group (0.29+0.05) and training
(0.10+0.03) (p=0.017). In addition, it was shown that the expression of VCAM-1 in the heart tissue significantly increased
in training group (0.85+0.04) compared to the control group (0.22+0.03) (p=0.001).
CONCLUSION: The results of this study showed that continuous endurance training altered the expression of adhesion
molecules in heart tissue associated with systemic inflammation, which could be a suitable solution for reducing fat
deposits in the heart tissue and preventing its harm.
KEY WORDS: Endurance Training, Rats, Intercellular Adhesion Molecule-1, Vascular Cell Adhesion Molecule-1.

Please cite this article as follows:
Asad MR, Sistani M, Barzegari A. The Effect of Eight Weeks of Continuous Endurance Training on ICAM-1 and VCAM-1 Expression
in the Heart Tissue of Rats. J Babol Univ Med Sci. 2019; 21: 230-36.

*Corresonding Author: A. Barzegari (PhD)

Address: Department of Physical Education and Sport, Payame Noor University, Tehran, I.R.Iran
Tel: +98 21 84234102

E-mail: ali_barzegari@pnu.ac.ir



J Babol Univ Med Sci; 21; 2019
The Effect of Eight Weeks of Continuous Endurance ...; M.R. Asad, et al

References

1.Balady GJ, Fletcher BJ, Froelicher ES, Hartley LH, Krauss RM, Oberman A, et al. Cardiac rehabilitation programs: a
statement for health care professionals from the American Heart Association. Circulation. 1994; 90(3): 1602-10.
2.Nikbakht HA, Amirtash AM, Gharouni H, Zafari A. Correlation of physical activity with serum fibrinogen and
homocysteine concentration in active, sedentary and with CAD males. Olympic. 2007; 15(2): 71-80. [In Persian]
3.Ketabipoor SM, Koushkie-Jahromi M, Salesi M, Saboori A. Effect of 8 weeks of selected aquatic aerobic training on
cystatine C and some other cardiac risk factors in menopause women: a randomized clinical trial. J Shahrekord Univ
Med Sci. 2014; 15(6): 109-16. [In Persian]

4.Hagobian TA, Jacobs KA, Subudhi AW, Fattor JA, Rock PB, Muza SR, et al. Cytokine responses at high altitude:
effects of exercise and antioxidants at 4300 m. Med Sci Sports Exerc. 2006;38(2):276-85.

5.Mogharnasi M, Gaeini AA, Sheikholeslami vatani S, Faraji H. Effects of aerobic and anaerobic training on
inflammatory markers in rats. Med dello Sport. 2011; 64(1): 21-30.

6.Witikowska AM. Soluble ICAM-1: a marker of vascular inflammation and lifestyle. Cytokine. 2005; 31(2):127-34.
7.Blake GJ, Ridker PM. Novel clinical markers of vascular wall inflammation. Circ Res. 2001; 89(9): 763-71.
8.Pontiroli AE, Pizzocri P, Koprivec D, Vendani P, Marchi M, Arcelloni C, et al. Body weight and glucose metabolism
have a different on circulating levels of ICAM-1, E-selectin, and endothelin-1 in humans. Eur J Endocrinol. 2004; 150(2):
195-200.

9.Dansky HM, Barlow CB, Lominska C, sikes JL, Kao C, Weinsaft J, et al. Adhesion of monocytes to
arterial endothelium and initiation of atherosclerosis arecritically dependent on vascular cell adhesion
molecule-1 gene dosage. Arterioscler Thromb Vasc Biol. 2001;21(10):1662-7.

10.Kritchevsky SB, Cesari M, Pahor M. Inflammatory markers and cardiovascular health in older adults.
Cardiovasc Res. 2005; 66(2): 265-75.

11.Zebrack JS, Anderson JL. Role of Inflammation in Cardiovascular Disease: How to Use C-Reactive Protein in Clinical
Practice. Prog Cardiovasc Nurs. 2007; 17(4): 174-85.

12.Wegge JK, Roberts CK, Ngo TH, Barnard RJ. Effect of diet and exercise intervention on inflammatory and adhesion
molecules in postmenopausal women on hormone replacement therapy and at risk for coronary artery disease.
Metabolism. 2004; 53(3): 377-81.

13.Adamopoulos S, Parissis J, Kroupis C, Georgiadis M, Karatzas D, Karavolias G, et al. Physical training reduces
peripheral markers of inflammation in patients with chronic heart failure. Eur Heart J. 2001; 22(9): 791-7.

14.Kashef M, Barati A, Shahidi F, Khalili Kh. The effect of alternative and continuous aerobic training on inflammatory
index, Predictor of cardiovascular disease, and correlation of HS-CRP with body fat percentage in non athlete boys.
Applied Research in  Sport Management. 2012; 1(2): 19-26. [In Persian]. Available from:
http://arsmb.journals.pnu.ac.ir/article 238 032ee912d7d75c6cba07cf4274f428d6.pdf

15.Mogharnasi M, Gaeini AA, Javadi E, Kordi MR, Ravasi AA, Sheikholeslami D. The Effect of Endurance Training
on Inflammatory Biomarkers and Lipid Profiles in wistar Rats. World J Sport Sci. 2009; 2(2): 82-8. [In Persian]
16.Signorelli SS, Mazzarino MC, Di Pino L, Malaponte G, Porto C, Pennisi G, et al. High circulating levels of cytokines
(IL-6 and TNFalpha), adhesion molecules (VCAM-1 and ICAM-1) and selectins in patients with peripheral arterial
disease at rest and after a treadmill test. Vasc Med. 2003; 8(1):9-15.

17.Nassis GP, Papantakou K, Skenderi K, Triandafillopoulou M, Kavouras SA, Yannakoulia M, et al.
Aerobic exercise training improves insulin sessitivity without changes in body weight, body fat,
adiponectin, and inflammatory markers in over weight and obese girls'. Metabolism. 2005; 54(11): 1472-9.
18.Burniston JG. Adaptation of the rat cardiac proteome in response to intensity-controlled endurance exercise.
Proteomics. 2009; 9(1):106-15.

19.Hgydal MA, Wislgff U, Kemi OJ, Ellingsen @. Running speed and maximal oxygen uptake. In rats and mice: practical
implications for exercise training. Eur J Cardiovasc Prev Rehabil. 2007; 14(6):753-60.



https://www.ncbi.nlm.nih.gov/pubmed/16531896
https://www.ncbi.nlm.nih.gov/pubmed/11597942
http://arsmb.journals.pnu.ac.ir/article_238_032ee912d7d75c6cba07cf4274f428d6.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malaponte%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12866607
https://www.ncbi.nlm.nih.gov/pubmed/?term=Porto%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12866607
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pennisi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12866607
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nassis%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=16253636
https://www.ncbi.nlm.nih.gov/pubmed/?term=Papantakou%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16253636
https://www.ncbi.nlm.nih.gov/pubmed/?term=Skenderi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16253636
https://www.ncbi.nlm.nih.gov/pubmed/?term=Triandafillopoulou%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16253636
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kavouras%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=16253636
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yannakoulia%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16253636

WAA Jlo /7Y 0y95 /bl (S pole olfiils alors

OhSen 5 sl Loyt ¢ ) lo g (08l ol () pod dtan Culas I

20.Wislegff U, Loennechen JP, Falck G, Beisvag V, Currie S, Smith G, et al. Increased contractility and calcium sensitivity
in cardiac myocytes isolated from endurance trained rats. Cardiovasc Res. 2001; 50(3):495-508.

21.Mogharnasi M, Gaeini AA, Sheikholeslami Vatani D. Changes in pre-inflammatory cytokines and markers of vascular
inflammation after regular endurance training. Zahedan J Res Med Sci. 2008; 10(2): 125-35. [In Persian]

22.Ding YH, Young CN, Luan X, Li J, Rafols JA, Clark JC, et al. Exercise preconditioning ameliorates inflammatory
injury in ischemic rats during reperfusion. Acta Neuropathol. 2005; 109(3): 237-46.

23.Abednatanzi H, Choopani Z. The effect of six weeks of high intensity interval training (hiit) on plasmatic levels of
cellular adhesion molecules (icam-1) and lipid profile in young overweight women. Int Res J Appl Basic Sci. 2014;
8(11): 2082- 8. Available from:
https://pdfs.semanticscholar.org/b971/83124466eae582a3029¢1f185e9ed9393d84.pdf? _ga=2.260948745.566468686.1
571033258-1138738581.1546162504

24 Jalaly L, Sharifi G, Faramarzi M, Nematollahi A, Rafieian-kopaei M, Amiri M, et al. Comparison of the effects of
crataegus oxyacantha extract, aerobic exercise and their combination on the serum levels of icam-1 and e-selectin in
patients with stable angina pectoris. DARU journal of pharmaceutical sciences. 2015; 23:54.

25.Roberts CK, Won D, Pruthi S, Lin SS, Barnard RJ. Effect of diet and exercise intervention on oxidative stress,
inflammation monocyte adhesion in diabetic men. Diabetes Res Clin Pract. 2006; 73(3): 249- 59.

26.Brevetti G, De Caterina M, Martone VD, Ungaro B, Corrado F, Silvestro A, et al. Exercise increases soluble adhesion
molecules ICAM-1 and VCAM-1 in patients with intermittent claudication. Clin Hemorheol Microcirc. 2001; 24(3):
193-9.

27.Bartzeliotou Al, Margeli AP, Tsironi M, Skenderi K, Bacoula C, Chrousos GP, et al. Circulating levels of adhesion
molecules and markers of endothelial activation in acute inflammation induced by prolonged brisk exercise. Clin
Biochem. 2007; 40(11): 765-70.

28.Stromberg A, Rullman E, Jansson E, Gustafsson T. Exercise-induced upregulation of endothelial adhesion molecules
in human skeletal muscle and number of circulating cells with remodeling properties. J Appl Physiol. 2017; 122(5): 1145-
54,

29.Nielsen HG, Lyberg T. Long-distance running modulates the expressions of leucocyte and endothelial
adhesion molecules. Scand J Immunol. 2004; 60(4): 356-62.

30.Sarderoodian M, Hamedinia M, Haghihi A. The effect of elementary swimming training on vascular cell adhesion
molecule and blood pressure in hypertensive postmenopausal women. J Appl Exerc Physiol. 2012; 8(16): 55-69. [In
Persian] Available from: http://journals.umz.ac.ir/article 529 f804ce679c1b630fe8c7d99c091cc8ee.pdf
31.Mogharnasi M, Nasseh M. Relationship between loss of exercise consequences and risk of cardiovascular diseases
after detraining. Zahedan J of Res Med Sci. 2010; 13(2): 20-5.

32.Crimi E, Ignarro LJ, Cacciatore F, Napoli C. Mechanisms by which Exercise Training Benefits Patients with Heart
Failure. Nat Rev Cardiol. 2009; 6(4): 292-300.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Rafols%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=15616790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clark%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=15616790
https://pdfs.semanticscholar.org/b971/83124466eae582a3029c1f185e9ed9393d84.pdf?_ga=2.260948745.566468686.1571033258-1138738581.1546162504
https://pdfs.semanticscholar.org/b971/83124466eae582a3029c1f185e9ed9393d84.pdf?_ga=2.260948745.566468686.1571033258-1138738581.1546162504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pruthi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16616795
http://journals.umz.ac.ir/article_529_f804ce679c1b630fe8c7d99c091cc8ee.pdf

