
 

 

PGC-1aTG

NAFLD

 

 23/22/1933تاريخ پذيرش  28/11/1938تاريخ دريافت 

 

PGC-1a

HIITLIETPGC-1aTG

NAFLD

PGC-1a

PGC-1a

P<

PGC-1a

PGC-1a 

 

Email: alibanaeifar@yahoo.com 

 

 

                                                           

 

Over nutrition 1 

Lipid droplet 2 

alcoholic fatty liver disease-Non 3 
Cardiovascular disease 4 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             1 / 13

http://umj.umsu.ac.ir/article-1-5114-en.html


 

 

ATP

PGC-1

PGC-1

                                                           
 Triacyl glycerol 5 

1a-PGC 

TCA)ATPATP

ROS) 

PGC-1a

PCG-1α

AMPK

camKNOP38 AMPK

PCG-1α

NPFsERRa

COX)

PGC-1a

PGC-1a

PGC-1a

 PGC-1aPPARa

HIITPGC-1a

 PGC-1a

HIITPGC-1α

AMPK

 

HIIT

HIIT

activated receptor gamma -Peroxisome proliferator 6

coactivator 1-alpha 

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             2 / 13

http://umj.umsu.ac.ir/article-1-5114-en.html


PGC-1aTG 

 

VO2max 

VO2max

HIITA

HIIT

HIIT

PGC-1a

TG

LIET

HIITPGC-1aTG

 

IR.SSRI.REC.1397.331

n=

                                                           
Low Intensity Endurance Training 7 

tensity Interval TrainingHigh In 8 

HIIT

n=LIETn=

n=

ALT

NAFLD

HIIT

LIET

HIITLIET

HIIT

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             3 / 13

http://umj.umsu.ac.ir/article-1-5114-en.html


 

 

LIET

HIIT

LIET

HIITLEIT

HIIT 

LIET

HIIT

LIET

HIIT

LIET

HIIT

LIET

HIIT

LIET

HIIT

LIET

HIIT

LIET

HIIT

LIET

 

RNA

RNA

RB1001

RNA

air-dry

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             4 / 13

http://umj.umsu.ac.ir/article-1-5114-en.html


PGC-1aTG 

 

cDNAcDNA

cDNARB

cDNA

RNA 

d NTPMm

TµM

X

u/µl

mRNA

TBPcDNA

ddct

PGC-1aTBP

PGC-1aTBP 

  

 F: TCAAAGACCCCAAAGGATGCG 

R: CATACTCTCTGCGGTATTCGTC 

PGC-1a 

 

F: CAGCCTTCCACCTTATGCTC

R: TTGCTGCTGCTGTCTTTGTT 

TBP

TG

mg

Hz

                                                           
PCR-time RT-Real 1 

HETYCHUP1000H

TG

BT3000

Telomere Binding Protein 2 

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             5 / 13

http://umj.umsu.ac.ir/article-1-5114-en.html


 

 

 

 

  

 

 

  

 

SPSS

P<

PCG-1α

PCG-1α

P

 

 
PCG-1α

TG

TG

P

TG

 

P

0

2

4

6

8

10

12

14

16

18

شم کنترل تمرین اینتروال شدید تمرین استقامتی کم شدت

ن 
 ژ

ین
نگ

میا
P
C
G
-1
α

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             6 / 13

http://umj.umsu.ac.ir/article-1-5114-en.html


PGC-1aTG 

 

 مختلف يهادر گروه يرالکليغ چرب کبد يماريب به مبتلا نر يرايصح يهاموش قلب بافت TGن يانگيرات مييتغ: (2)نمودار 

P

P

P

P

 

SD Mean 

 
t  

  

      

      

      

     

P

HIITLIET

PCG-1α

PCG-1α

PCG-1α

TG

PCG-1αPPARa

CD36CPT1bPDK4MCAD

PCG-1α

PGC-1α

0

50

100

150

200

250

300

350

شم کنترل تمرین اینتروال شدید تمرین استقامتی کم شدت

ن 
گی

یان
م

TG

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             7 / 13

http://umj.umsu.ac.ir/article-1-5114-en.html


 

 

PGC-1α

PGC-1αPPAR-γ

PGC-1αPPAR-γ

TG

NAFLD

TCAATP

ETC

HIIT

HIIT

NAFLD

HIIT

HIIT

HIIT

SS

HIIT

HIIT

BMI

kg-m2

BMIHIIT

HIIT

HIIT

 HIIT

FFA

 HIIT

HIIT

FFA

HIIT

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             8 / 13

http://umj.umsu.ac.ir/article-1-5114-en.html


PGC-1aTG 

 

CRF

HIIT

HIIT

TG

ACC

AMPAMPK

ACC

 HIIT

HIITLIET

TG

PGC-1a

TG

TG

PGC-1a

TG

 

References 

1. Masarone M, Federico A, Abenavoli L, Loguercio 

C, Persico M. Non alcoholic fatty liver: 

epidemiology and natural history. Reviews on recent 

clinical trials 2014; 9(3): 126-33. 

2. Federico A, Dallio M, Masarone M, Persico M, 

Loguercio C. The epidemiology of non-alcoholic 

fatty liver disease and its connection with 

cardiovascular disease: role of endothelial 

dysfunction. Eur Rev Med Pharmacol Sci 2016; 

20(22): 4731-41. 

3. Hamaguchi M, Kojima T, Takeda N, Nagata C, 

Takeda J, Sarui H, et al., Nonalcoholic fatty liver 

disease is a novel predictor of cardiovascular 

disease. World J Gastroenterol 2007; 13(10): 1579. 

4. Deurenberg P, Deurenberg‐Yap M, Guricci S. 

Asians are different from Caucasians and from each 

other in their body mass index/body fat per cent 

relationship. Obes Rev 2002; 3(3): 141-6. 

5. Crawford PA, Schaffer JE. Metabolic stress in the 

myocardium: adaptations of gene expression. J Mol 

Cell Cardiol 2013; 55: 130-8. 

6. Qi D, Rodrigues B. Glucocorticoids produce whole 

body insulin resistance with changes in cardiac 

metabolism. Am J Physiol Endocrinol Metab 2007; 

292(3): E654-67. 

7. Schulze PC, Drosatos K, Goldberg IJ. Lipid use and 

misuse by the heart. Circ Res 2016; 118(11): 1736-

51. 

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             9 / 13

http://umj.umsu.ac.ir/article-1-5114-en.html


 

 

8. Leporn NE, Fouchian DD, McCulloughn PA. New 

vistas for the treatment of obesity: turning the tide 

against the leading cause of morbidity and 

cardiovascular mortality in the developed world. 

Rev Cardiovasc Med 1900; 14(1): 20-40. 

9. Nakanishi T, Kato S. Impact of diabetes mellitus on 

myocardial lipid deposition: an autopsy study. 

Pathology-Research and Practice 2014; 210(12): 

1018-25. 

10. Park JY, Lee SH, Shin MJ, Hwang GS. Alteration in 

metabolic signature and lipid metabolism in patients 

with angina pectoris and myocardial infarction. PloS 

one 2015; 10(8): e0135228. 

11. Konstantinidis K, Whelan RS, Kitsis RN. 

Mechanisms of cell death in heart disease. 

Arterioscler Thromb Vasc Biol 2012; 32(7): 1552-

62. 

12. Little JP, Safdar A, Wilkin GP, Tarnopolsky MA, 

Gibala MJ. A practical model of low‐volume high‐

intensity interval training induces mitochondrial 

biogenesis in human skeletal muscle: potential 

mechanisms. The Journal of physiology 2010; 

588(6): 1011-22. 

13. Rowe GC, Jiang A, Arany Z. PGC-1 coactivators in 

cardiac development and disease. Circ Res 2010; 

107(7): 825-38. 

14. Lehman JJ, Barger PM, Kovacs A, Saffitz JE, 

Medeiros DM, Kelly DP. Peroxisome proliferator–

activated receptor γ coactivator-1 promotes cardiac 

mitochondrial biogenesis. J Clin Invest 2000; 

106(7): 847-56. 

15. Lira VA, Brown DL, Lira AK, Kavazis AN, Soltow 

QA, Zeanah EH, et al. Nitric oxide and AMPK 

cooperatively regulate PGC‐1α in skeletal muscle 

cells. The Journal of physiology 2010; 588(18): 

3551-66. 

16. Safdar A, Little JP, Stokl AJ, Hettinga BP, Akhtar 

M, Tarnopolsky MA. Exercise increases 

mitochondrial PGC-1α content and promotes 

nuclear-mitochondrial cross-talk to coordinate 

mitochondrial biogenesis. Journal of Biological 

Chemistry 2011; 286(12): 10605-17. 

17. Terada S, Kawanaka K, Goto M, Shimokawa T, 

Tabata I. Effects of high‐intensity intermittent 

swimming on PGC‐1α protein expression in rat 

skeletal muscle. Acta Psychiatr Scand 2005; 184(1): 

59-65. 

18. Russell AP, Feilchenfeldt J, Schreiber S, Praz M, 

Crettenand A, Gobelet C, et al. Endurance training 

in humans leads to fiber type-specific increases in 

levels of peroxisome proliferator-activated receptor-

γ coactivator-1 and peroxisome proliferator-

activated receptor-α in skeletal muscle. Diabetes 

2003; 52(12): 2874-81. 

19. Little JP, Safdar A, Cermak N, Tarnopolsky MA, 

Gibala MJ. Acute endurance exercise increases the 

nuclear abundance of PGC-1α in trained human 

skeletal muscle. Am J Physiol Regul Integr Comp 

Physiol 2010; 298(4): R912-7. 

20. Gibala MJ, McGee SL, Garnham AP, Howlett KF, 

Snow RJ, Hargreaves M. Brief intense interval 

exercise activates AMPK and p38 MAPK signaling 

and increases the expression of PGC-1α in human 

skeletal muscle. J Appl Physiol 2009; 106(3): 929-

34. 

21. Talanian JL, Galloway SD, Heigenhauser GJ, Bonen 

A, Spriet LL. Two weeks of high-intensity aerobic 

interval training increases the capacity for fat 

oxidation during exercise in women. J Appl Physiol 

2007; 102(4): 1439-47. 

22. Motta VF, Aguila MB, Mandarim-de-Lacerda CA. 

Mandarim-de-Lacerda, High-Intensity Interval 

Training Beneficial Effects in Diet-Induced Obesity 

in Mice: Adipose Tissue, Liver Structure, and 

Pancreatic Islets. International Journal of 

Morphology 2016; 34(2): 684-91. 

23. Cho J, Koh Y, Han J, Kim D, Kim T, Kang H. 

Adiponectin mediates the additive effects of 

combining daily exercise with caloric restriction for 

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                            10 / 13

http://umj.umsu.ac.ir/article-1-5114-en.html


PGC-1aTG 

 

treatment of non-alcoholic fatty liver. Int J Obes 

2016; 40(11): 1760-7. 

24. Marcinko K, Sikkema SR, Samaan MC, Kemp BE, 

Fullerton MD, Steinberg GR. High intensity interval 

training improves liver and adipose tissue insulin 

sensitivity. Molecular metabolism 2015; 4(12): 903-

15. 

25. PITHON-CURI TN. A program of Moderate 

Physical Training for Wistar Rats Based on Maximal 

Oxygen Consumption. J Strength Cond Res 2007. 

21(3): 751-6. 

26. Rezaei R, Nurshahi M, Bigdeli MR, Khodagoli F, 

Haghparast A. Effect of eight weeks of continuous 

and periodic aerobic training on VEGF-A and 

VEGFR-2 levels of male brain Wistar rats. J Sport 

Exerc Psychol 2015; 16: 1213-21.- 

27. Mattijssen F, Georgiadi A, Andasarie T, Szalowska 

E, Zota A, Krones-Herzig A, et al. Hypoxia-

inducible lipid droplet-associated (HILPDA) is a 

novel peroxisome proliferator-activated receptor 

(PPAR) target involved in hepatic triglyceride 

secretion. Journal of Biological Chemistry 2014; 

289(28): 19279-93. 

28. Suk M, Shin Y. Effect of high-intensity exercise and 

high-fat diet on lipid metabolism in the liver of rats. 

Journal of exercise nutrition & biochemistry2015; 

19(4): 289. 

29. Sohrabipour S, Sharifi MR, Talebi A, Sharifi M, 

Soltani N. GABA dramatically improves glucose 

tolerance in streptozotocin-induced diabetic rats fed 

with high-fat diet. Eur J Pharmacol 2018; 826: 75-

84. 

30. Löfgren L, Forsberg GB, Ståhlman M. The BUME 

method: a new rapid and simple chloroform-free 

method for total lipid extraction of animal tissue. Sci 

Rep 2016; 6: 27688. 

31. Taylor CW, Ingham SA, Hunt JE, Martin NR, 

Pringle JS, Ferguson RA. Exercise duration-

matched interval and continuous sprint cycling 

induce similar increases in AMPK phosphorylation, 

PGC-1α and VEGF mRNA expression in trained 

individuals. Eur J Appl Physiol 2016; 116(8): 1445-

54. 

32. Hoshino D, Yoshida Y, Kitaoka Y, Hatta H, Bonen 

A. High-intensity interval training increases intrinsic 

rates of mitochondrial fatty acid oxidation in rat red 

and white skeletal muscle. Appl Physiol Nutr Metab 

2013; 38(3): 326-33. 

33. Jung HL, Kang HY. Effects of Exercise Intensity on 

PGC-1α, PPAR-γ, and Insulin Resistance in Skeletal 

Muscle of High Fat Diet-fed Sprague-Dawley Rats. 

Journal of the Korean Society of Food Science and 

Nutrition 2014; 43(7): 963-71. 

34. Duncan JG, Bharadwaj KG, Fong JL, Mitra R, 

Sambandam N, Courtois MR, et al. Rescue of 

cardiomyopathy in peroxisome proliferator-

activated receptor-alpha transgenic mice by deletion 

of lipoprotein lipase identifies sources of cardiac 

lipids and peroxisome proliferator-activated 

receptor-alpha activators. Circulation 2010; 121(3): 

426-35. 

35. Ellison GM, Waring CD, Vicinanza C, Torella D. 

Physiological cardiac remodelling in response to 

endurance exercise training: cellular and molecular 

mechanisms. Heart2012; 98(1): 5-10. 

36. Tabet JY, Meurin P, Driss AB, Weber H, Renaud N, 

Grosdemouge A, et al. Benefits of exercise training 

in chronic heart failure. Archives of cardiovascular 

diseases 2009; 102(10): 721-30. 

37. Ozaki H, Yasuda T, Ogasawara R, Sakamaki-

Sunaga M, Naito H, Abe T. Effects of high-intensity 

and blood flow-restricted low-intensity resistance 

training on carotid arterial compliance: role of blood 

pressure during training sessions. Eur J Appl Physiol 

2013; 113(1): 167-74. 

38. Charbonneau A, Melancon A, Lavoie C, Lavoie JM. 

Alterations in hepatic glucagon receptor density and 

in Gsα and Giα2 protein content with diet-induced 

hepatic steatosis: effects of acute exercise. Am J 

Physiol Endocrinol Metab 2005; 289(1): E8-E14. 

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                            11 / 13

http://umj.umsu.ac.ir/article-1-5114-en.html


 

 

39. Kistler KD, Brunt EM, Clark JM, Diehl AM, Sallis 

JF, Schwimmer JB, et al. Physical activity 

recommendations, exercise intensity, and 

histological severity of nonalcoholic fatty liver 

disease. Am J Gastroenterol 2011; 106(3): 460. 

40. Stich V, De Glisezinski I, Berlan M, Bulow J, 

Galitzky J, Harant I, et al. Adipose tissue lipolysis is 

increased during a repeated bout of aerobic exercise. 

J Appl Physiol 2000; 88(4): 1277-83. 

41. Boutcher SH. High-intensity intermittent exercise 

and fat loss. J Obes 2011; 2011: 868305. 42.

 Hallsworth K, Thoma C, Hollingsworth KG, 

Cassidy S, Anstee QM, Day CP, et al. Modified 

high-intensity interval training reduces liver fat and 

improves cardiac function in non-alcoholic fatty 

liver disease: a randomised controlled trial. Clin Sci 

2015; 129(12): 1097-105.43. Gibala MJ, McGee 

SL. Metabolic adaptations to short-term high-

intensity interval training: a little pain for a lot of 

gain? Exercise and sport sciences reviews 2008. 

36(2): 58-63. 

44. Tremblay A, Simoneau JA, Bouchard C. Impact of 

exercise intensity on body fatness and skeletal 

muscle metabolism. Metabolism 1994; 43(7): 814-

8. 

45. Mourier A, Gautier JF, De Kerviler E, Bigard AX, 

Villette JM, Garnier JP, et al.Mobilization of 

visceral adipose tissue related to the improvement in 

insulin sensitivity in response to physical training in 

NIDDM: effects of branched-chain amino acid 

supplements. Diabetes care 1997; 20(3): 385-91. 

46. Weinstein YI, Bediz C, Dotan RA, Falk BA. 

Reliability of peak-lactate, heart rate, and plasma 

volume following the Wingate test. Med Sci Sports 

Exerc 1998; 30(9): 1456-60. 

47. Christmass MA, Dawson B, Arthur PG. Effect of 

work and recovery duration on skeletal muscle 

oxygenation and fuel use during sustained 

intermittent exercise. Eur J Appl Physiol 1999; 

80(5): 436-47. 

48. Bracken RM, Linnane DM, Brooks S. Plasma 

catecholamine and nephrine responses to brief 

intermittent maximal intensity exercise. Amino 

acids 2009; 36(2): 209-17. 

49. Issekutz Jr BE. Role of beta-adrenergic receptors in 

mobilization of energy sources in exercising dogs. J 

Appl Physiol 1978; 44(6): 869-76. 

50. Crampes F, Beauville M, Riviere D, Garrigues M. 

Effect of physical training in humans on the 

response of isolated fat cells to epinephrine. J Appl 

Physiol 1986; 61(1): 25-9. 

51. Trapp EG, Chisholm DJ, Boutcher SH. Metabolic 

response of trained and untrained women during 

high-intensity intermittent cycle exercise. Am J 

Physiol Regul Integr Comp Physiol 2007; 293(6): 

R2370-5. 

52. Bilski J, Teległów A, Zahradnik-Bilska J, 

Dembiński A, Warzecha Z. Effects of exercise on 

appetite and food intake regulation. Medicina 

Sportiva 2009; 13(2): 82-94. 

 

 

  

 [
 D

ow
nl

oa
de

d 
fr

om
 u

m
j.u

m
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                            12 / 13

http://umj.umsu.ac.ir/article-1-5114-en.html


Studies in Medical Sciences, Vol. 31(4), July 2020 

 
Original Article 

 

THE EFFECT OF EXERCISE TYPE ON THE EXPRESSION OF PGC-

1A AND HEART TISSUE TRIGLYCERIDE CONTENT IN RATS WITH 

FATTY LIVER (NAFLD) 
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Abstract 
Background & Aims: PGC-1a is one of the most important regulators of cardiac mitochondrial 

biogenesis which plays a key role in lipid oxidation processes. The aim of this study was to investigate 

the effect of low-intensity endurance training and high-intensity interval training on the expression of 

PGC-1a and heart tissue triglyceride content in rats with fatty liver (NAFLD). 

 Materials & Methods: This experimental study was performed on 40 male Wistar rats. Rats were 

randomly divided into 4 groups. The control group received low-intensity endurance training and intense 

interval training that consumed high fat diet for 16 weeks and then the two training groups participated 

in the exercise program for 8 weeks. Also, the sham group used standard food during this time. Finally, 

expression levels of PGC-1a and intracellular adipose tissue of the four groups were measured. 

 Results: The results showed that expression of PGC-1a increased after endurance training and intense 

interval training in cardiac tissue of obese male rats. Also, both types of intense intermittent exercise 

and low-intensity endurance training significantly decreased the fat content of cardiac tissue (p<0/05). 

Conclusion: The results showed that exercise training can increase the expression of PGC-1a and 

decrease the triglyceride content of the heart tissue in people with non-alcoholic fatty liver disease, 

indicating that exercise training can be a non-medicinal treatment for these people to use. 

Keywords: Low-Intensity Endurance Training, High-Intensity Interval Training, PGC-1a, Heart Tissue, 

Triglyceride 
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