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Abstract: The authors established a type 2 diabetic rat model by means of high fat feeding plus intraperitoneal injec-

tion of a small dose of streptozotocin (STZ), probed into the role of exercising in improving the myocardial fibrosis of 

type 2 diabetic rats, and revealed the following findings: as compared with those of the rats in the normal control group, 

the blood GLU, GHb, GSP and INS level as well as myocardium AGEs, Hyp, CVF, GSSG/GSH, MDA and NF- B P65 

protein expression of the rats in the diabetic control group increased significantly (P<0.05 or P<0.01); as compared 

with those of the rats in the diabetic control group, the blood GLU, GHb and GSP level as well as myocardium AGEs, 

Hyp, CVF, GSSG/GSH, MDA and NF- B P65 protein expression of the rats in the diabetic exercising group decreased 

significantly (P<0.05 or P<0.01). The said findings indicated the followings: the type 2 diabetic rat model duplicated by 

this experiment showed such a sign as myocardial fibrosis; exercising could improve the fasting blood glucose of type 2 

diabetic rats, lower myocardial tissue’s AGEs content, oxidative stress and the level of NF- B P65 protein expression, 

play a role in improving the myocardial fibrosis of type 2 diabetic rats; AGEs or oxidative stress or NF- B P65 might 

be an important channel for exercising to improve the myocardial fibrosis of type 2 diabetic rats. 
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x

x

n/ c(GLU)/(mmol·L-1) (INS)/(ng·mL-1) GHb1) c(GSP)/(mmol·L-1)
 10 5.80±0.34 1.46±0.13 11.15±1.47 2.98±0.16 

 13 14.21±0.932) 1.62±0.124) 35.48±3.102) 5.75±0.362)

 11 10.84±0.512)3) 1.56±0.20 26.34±2.182)3) 4.11±0.352)3)

1) 10 g 2) P<0.01 3) P<0.01 4) P<0.05 

x

n/  GSSG/GSH b(MDA)/(nmol·mg-1)
 10 0.026 7±0.003 9 0.613 3±0.082 4 

 13 0.107 4±0.008 71) 1.185 7±0.078 31)

 11 0.084 1±0.005 81)2) 0.883 3±0.056 12)3)

1) P<0.01 2) P<0.01 3) P<0.05 

x

n/ w(AGEs)/(ng·mg-1) w(Hyp)/( g·g-1) CVF/% 
 10 0.36±0.11 477±23 9.16±1.34 

 13 3.32±0.321) 785±421) 19.42±2.191)

 11 2.00±0.301)2) 654±261)2) 14.90±1.021)2)

1) P<0.01 2) P<0.01 

x

n/  NF- B P65
 6 0.147 1±0.032 2 

 6 0.512 5±0.084 31)

 6 0.431 7±0.057 51)2)

1) P<0.01 2) P<0.05 



133

[1] .
[J]. 2010

26(11) 2136-2141. 
[2] Castellar A Remedio R N Barbosa R A et al. 
Collagen and reticular fibers in left ventricular muscle in 
diabetic rats: physical exercise prevents its changes[J]. 
Tissue Cell 2011 43(1) 24-28. 
[3] Searls Y M Smirnova I V Fegley B R et al. Exercise 
attenuates diabetes-induced ultrastructural changes in rat 
cardiac tissue[J]. Med Sci Sports Exerc 2004 36(11)
1863-1870. 
[4] Reed M J Meszaros K Entes L J et al. A new rat 
model of type 2 diabetes: the fat-fed
streptozotocin-treated rat[J]. Metabolism 2000 49(11)
1390-1394. 



134

[5] Srinivasan K Viswanad B Asrat L et al. Com-
bination of high-fat diet-fed and low-dose streptozoto-
cin-treated rat: a model for type 2 diabetes and pharma-
cological screening[J]. Pharmacol Res 2005 52(4)
313-320. 
[6] .

NT NF- B MMP-9 [J]. 
2011 27(3) 373-377. 

[7] 
[J] 2000 1(2) 75-76. 

[8] .
2 [J]. 

2012 28(6) 1109-1113. 
[9] Maya L Villarreal F J. Diagnostic approaches for 
diabetic cardiomyopathy and myocardial fibrosis[J]. J 
Mol Cell Cardiol 2010 48(3) 524-529. 
[10] .

[J]. 2010 41(1) 31-36. 
[11] Montagnani M. Diabetic cardiomyopathy: how 
much does it depend on AGE[J]. British Journal of 
Pharmacology 2008 154(4) 725-726. 
[12] Brownlee M. Advanced protein glycosylation in 
diabetes and aging[J]. Annu Rev Med 1995 46
223-234. 
[13] Howard E W Benton R Ahern-Moore J et al. 
Cellular contraction of collagen lattices is inhibited by 
nonenzymatic glycation[J]. Exp Cell Res 1996 228(1)
132-137. 
[14] Zong H Ward M Madden A et al. Hypergly-
caemia-induced pro-inflammatory responses by retinal 
Müller glia are regulated by the receptor for advanced 
glycation end-products (RAGE) [J]. Diabetologia 2010
53(12) 2656-2666. 
[15] Wautier M P Chappey O Corda S et al. Acti-
vaation of NADPH oxidase by AGE links oxidant stress 
to altered gene expression via RAGE[J]. AM J Physiol 
Endocrinol Metab 2001 280(5) E685-E694. 
[16] Basta G Schmidt A M De Caterina R. Advanced 
glycation end products and vascular inflammation: im-
plications for accelerated atherosclerosis in diabetes[J]. 

Cardiovascular Research 2004 63(4) 582-592. 
[17] Ling Gao Giovanni E Mann. Vascular NAD(P)H 
oxidase activation in diabetes a double-edged sword in 
redox signalling[J]. Cardiovascular Research 2009
82(1) 9-20. 
[18] Goon J A Aini A H Musalmah M et al. Effect of 
Tai Chi exercise on DNA damage antioxidant enzymes
and oxidative stress in middle-age adults[J]. J Phys Act 
Health 2009 6(1) 43-54. 
[19] Yoshikawa T Miyazaki A Fujimoto S. Decrease in 
serum levels of advanced glycation end-products by 
short-term lifestyle modification in non-diabetic mid-
dle-aged females[J]. Med Sci Monit 2009 15(6) 65-73. 
[20] Boor P Celec P Behuliak M et al. Regular 
moderate exercise reduces advanced glycation and ame-
liorates early diabetic nephropathy in obese Zucker 
rats[J]. Metabolism 2009 58(11) 1669-1677. 
[21] De Lemos E T Oliveira J Pinheiro J P et al. 
Regular physical exercise as a strategy to improve anti-
oxidant and anti-inflammatory status: benefits in type 2 
diabetes mellitus[J]. Oxid Med Cell Longev 2012
2012 741545. 
[22] Brown K D Claudio E Siebenlist U. The roles of 
the classical and alternative nuclear factor- B pathways
potential implications for autoimmunity and rheumatoid 
arthritis[J]. Arthritis Research and Therapy 2008 10(4)
212. 
[23] Hingtgen S D Li Z B Kutschke W et al. Su-
peroxide scavenging and Akt inhibition in myocardium 
ameliorate pressure overload-induced NF-kappa B acti-
vation and cardiac hypertrophy[J]. Physiological Ge-
nomics 2010 41(2) 127-136. 
[24] .

RAGE NF- B [J]. 
2011 49(8) 16-20. 

[25] Chen S Khan Z A Cukiernik M et al. Differential 
activation of NF- B and AP-1 in increased fibronectin 
synthesis in target organs of diabetic complications[J]. 
American Journal of  Physiology 2003 284(6)
E1089–E1097. 


