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Abstract: In order to probe into the effects of aerobic exercise on the pathological cardiac hypertrophy of rats suf-

fering chronic heart failure and the possible mechanism, and to provide a theoretical criterion for exercise recovery 

from heart failure, the authors established a chronic heart failure model by ligating the coronary artery of Wistar 

rats, randomly divided the rats into a sham operation control group (SC), a sham operation exercise group (SE), a 

heart failure control group (HC) and a heart failure exercise group (HE) after operation, let the rats in groups SE and 

HE carry out 10-week treadmill training, let the rats in groups SC and HC maintain a calm condition, measured the 

rats’ exercise endurance (maximum running speed and time to exhaustion) by utilizing the experiment of exercise 

whose load was gradually increased via the treadmill, by means of echocardiogram, measured cardiac structure and 

function parameters, which included left ventricular internal diameter during diastole (LVIDd), left ventricular in-

ternal diameter during systole (LVIDs), left ventricular anterior wall diameter during diastole (LVAWDd), left ven-

tricular anterior wall diameter during systole (LVAWDs), left ventricular posterior wall diameter during diastole 

(LVPWDd), left ventricular posterior wall diameter during systole (LVPWDs), left ventricular fractional shortening 

(LVFS) and left ventricular ejection fraction (LVEF), by means of pressure transducer inserted retrograde in left 

ventricle, measured hemodynamic parameters, which included left ventricular systolic pressure (LVSP), left ven-

tricular end-diastolic pressure (LVEDP), maximal developing rate of left ventricular pressure ( dp/dtmax) and 

maximal descending rate of left ventricular pressure ( dp/dtmax), weighed the rats, then took out their heat, meas-

ured left ventricular weight (LVW) and right ventricular weight (RVW), calculated left ventricular mass index 

(LVMI), by means of histopathological detection (HE) and Masson staining, carried out histopathological observa-

tion and acquired myocardial cross-sectional area (CSA) and collagen volume fraction (CVF), by means of real-time 

fluorescent quantitation PCR technique, measured mRNA expression level of myocardial -myosin heavy chain 

( -MHC), -myosin heavy chain ( -MHC), atrial natriuretic factor (ANF), sarcoplasmic endoplasmic reticulum 

Ca2+-ATPase (SERCA2a), collagen type I (Col-I) and collagen type III (Col-III), by means of Western Blot tech-

nique, measured protein expression level of myocardial cysteine aspartate protease-3 (Caspase-3), calcineurin (CaN) 

A  catalytic subunit (CaNA ), nuclear factor of activation T cell 3 (NFAT3), phosphatidylinositol 3-kinase (PI3K) 

p110  catalytic subunit [PI3K(p110 )] and phospho-Akt (p-Akt). Results: (1) as compared with the rats in group 

SC, the BW and LVEDP of the rats in group SE decreased (P<0.05), their maximum running speed, time to exhaus-

tion, LVW, LVMI, LVIDd, LVFS, LVEF, LVSP, ±dp/dtmax, CSA, mRNA of -MHC and SERCA2a, protein of 

PI3K(p110 ) and p-Akt increased (P<0.05); the maximum running speed, time ot exhaustion, BW, LVIDd, LVFS, 

LVEF, LVSP, ±dp/dtmax, mRNA of -MHC and SERCA2a of the rats in group HC decreased (P<0.05), their LVW, 

LVMI, LVAWDd, LVAWDs, LVPWDd, LVPWDs, LVEDP, CSA, CVF, mRNA of ANF, -MHC, Col-I and Col-III, 

protein of CaNA , NFAT3 and Caspase-3 increased (P<0.05); (2) as compared with the rats in group HC, the 

maximum running speed, time to exhaustion, LVW, LVMI, LVIDd, LVFS, LVEF, LVSP, ±dp/dtmax, CSA, mRNA 

of -MHC and SERCA2a of the rats in group HE increased (P<0.05), their LVEDP, CVF, mRNA of ANF, -MHC, 

Col-I and Col-III, protein of CaNA , NFAT3 and Caspase-3 decreased (P<0.05). The said results indicated the fol-

lowings: long-term aerobic exercise promoted the changing of the heart of the rats suffering heart failure from 

pathological hypertrophy to physiological hypertrophy, restrained left ventricle remodeling, and improved cardiac 

functions and exercise endurance, whose mechanism was related to that exercise restrained CaN-NFAT signal path-

way and activated PI3K-Akt signal pathway, and then down-regulated fetal gene expression, up-regulated contrac-

tile protein, alleviated myocardial fibrosis and restrained cardiomyocyte apoptosis. 
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/bp
5’-CATCACCCTGGGCTTCTTCCT-3’ 

ANF
5’-TGGGCTCCAATCCTGTCAATC-3’ 

406

5’-CCATCTGCTTGTCCATGTCACT-3’ 
SERCA2a 5’-CAAATGGTTTAGGAAGCGGTTACT-3’ 213

5’-TTGACCCTAACCAAGGATGC-3’ Col-I 5’-CACCCCTTCTGCGTTGTATT-3’ 197

5’-AGATGGACTAAGTGGACATC-3’ Col-III 5’-CATGTTTCTCCGGTTTCCAT-3’ 450

5’-CCAATGAGTACCGCGTGAA-3’ -MHC 5’-ACAGTCATGCCGGGATGAT-3’ 254

5’-ATGTGCCGGACCTTGGAA-3’ -MHC 5’-CCTCGGGTTAGCTGAGAGATCA-3’ 170

5’-AGACCTTCAACACCCCAG-3’-actin 5’-CACGATTTCCCTCTCAGC-3’ 316

x

n/ / s-1 /min 
SC 9 35.2±5.2 26.2±3.8 
SE 10 41.0±4.61) 31.1±4.11)

HC 9 17.6±3.51) 11.2±2.91)

HE 8 23.1±4.02) 18.6±3.42)

1) SC P<0.05 2) HC P<0.05 
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x

n/  BW/g LVW/mg RVW/mg LVMI/(m g-1) LVIDd/mm LVIDs/mm 
SC  9 430±38 802±105 185±19 1.89±0.26 8.5±1.3 5.3±0.8 
SE  10 375±401) 1 236±1251) 196±22 3.32±0.451) 10.2±1.81) 5.5±1.0 
HC  9 316±361) 988±1121) 178±20 3.16±0.501) 7.2±1.01) 5.1±1.1 
HE  8 337±45 1 178±1182) 185±24 3.59±0.522) 8.6±1.22) 5.4±0.9 

n/  LVAWDd/mm LVAWDs/mm LVPWDd/mm LVPWDs/mm LVFS/(m s-1) LVEF/% 
SC  9 1.3±0.3 2.6±0.4 1.4±0.2 2.2±0.5 47.6±6.7 56.5±7.6 
SE  10 1.4±0.4 2.8±0.6 1.4±0.4 2.4±0.9 53.9±7.01) 63.4±7.81)

HC  9 1.9±0.21) 3.2±0.71) 2.2±0.51) 2.8±0.81) 31.2±4.61) 38.5±5.71)

HE  8 1.8±0.2 3.0±0.9 2.2±0.6 2.6±0.7 38.8±3.92) 47.2±5.82)

1) SC P<0.05 2) HC P<0.05 

x kPa
n/  LVSP LVEDP dp/dtmax dp/dtmax

SC  9 17.1±2.8 0.8±0.2 871±146 689±118 
SE  10 21.5±2.51) 0.4±0.11) 1 126±1881) 851±1251)

HC  9 12.8±1.81) 2.5±0.51) 436±1281) 376±981)

HE  8 15.9±1.52) 1.4±0.32) 683±1162) 541±1052)

1) SC P<0.05 2) HC P<0.05 
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1) SC P<0.05 2) HC P<0.05

1) SC P<0.05 2) HC P<0.05

1) SC P<0.05 2) HC P<0.05



133

[1] Rodriguez F H Marelli A J. The epidemiology of 
heart failure in adults with congenital heart disease[J]. 
Heart Fail Clin 2014 10(1) 1-7. 
[2] Schwarz S Halle M. Exercise training in heart failure 
patients[J]. Dtsch Med Wochenschr 2014 139(16) 845-850. 
[3] Brum P C Bacurau A V Cunha T F et al. Skeletal 
myopathy in heart failure effects of aerobic exercise 



134

training[J]. Exp Physiol 2014 99(4) 616-620. 
[4] Hildick D J Shapiro L M. Echocardiographic dif-
ferentiation of pathological and physiological left ven-
tricular hypertrophy[J]. Heart 2001 85(6) 615-619. 
[5] . [J]. 

2014 33(2) 90-96. 
[6] .

——
[J]. 2012 32(3) 67-73. 
[7] . [J]. 

2014 12(2) 282-285. 
[8] Lumens J Ploux S Strik M et al. Comparative 
electromechanical and hemodynamic effects of left ven-
tricular and biventricular pacing in dyssynchronous heart 
failure electrical resynchronization versus left-right 
ventricular interaction[J]. J Am Coll Cardiol 2013
62(25) 2395-2403. 
[9] Ismail H McFarlane J R Dieberg G et al. Exercise 
training program characteristics and magnitude of 
change in functional capacity of heart failure patients[J]. 
Int J Cardiol 2014 171(1) 62-65. 
[10] Ljubojevic S Radulovic S Leitinger G et al. Early 
remodeling of perinuclear Ca2+ stores and nucleoplasmic 
Ca2+ signaling during the development of hypertrophy 
and heart failure[J]. Circulation 2014 130(3) 244-255. 
[11] Lewis E J McKillop A Banks L. The morganroth 
hypothesis revisited: endurance exercise elicits eccentric 
hypertrophy of the heart[J]. J Physiol 2012 590(Pt 12)
2833-2834. 
[12] Balakumar P Jagadeesh G. Multifarious molecular 
signaling cascades of cardiac hypertrophy can the 
muddy waters be cleared?[J]. Pharmacol Res 2010
62(5) 365-383. 
[13] Riehle C Wende A R Zhu Y et al. Insulin receptor 
substrates are essential for the bioenergetic and hyper-
trophic response of the heart to exercise training[J]. Mol 
Cell Biol 2014 34(18) 3450-3460. 
[14] Ding W Dong M Deng J et al. Polydatin attenuates 
cardiac hypertrophy through modulation of cardiac Ca2+

handling and calcineurin-NFAT signaling pathway[J]. Am J 
Physiol Heart Circ Physiol 2014 307(5) H792-802. 
[15] Chen Q Q Zhang W Chen X F et al. Electrical 

field stimulation induces cardiac fibroblast proliferation 
through the calcineurin-NFAT pathway[J]. Can J Physiol 
Pharmacol 2012 90(12) 1611-1622. 
[16] Kreusser M M Lehmann L H Keranov S et al. 
Cardiac CaM kinase II genes delta and gamma contribute 
to adverse remodeling but redundantly inhibit cal-
cineurin-induced myocardial hypertrophy[J]. Circula-
tion 2014 130(15) 1262-1273. 
[17] Sun X Gu J Chi M et al. Activation of PI3K-Akt 
through taurine is critical for propofol to protect rat car-
diomyocytes from doxorubicin-induced toxicity[J]. Can J 
Physiol Pharmacol 2014 92(2) 155-161. 
[18] McMullen J R Shioi T Zhang L et al. Phos-
phoinositide 3-kinase(p110alpha) plays a critical role for 
the induction of physiological but not pathological
cardiac hypertrophy[J]. Proc Natl Acad Sci U S A 2003
100(21) 12355-12360. 
[19] Lu Z Jiang Y P Wang W et al. Loss of cardiac 
phosphoinositide 3-kinase p110 alpha results in contrac-
tile dysfunction[J]. Circulation 2009 120(4) 318-325. 
[20] Lin R C Weeks K L Gao X M et al. PI3K(p110 
alpha) protects against myocardial infarction-induced 
heart failure identification of PI3K-regulated miRNA 
and mRNA[J]. Arterioscler Thromb Vasc Biol 2010
30(4) 724-732. 
[21] Ong S B Hall A R Dongworth R K et al. Akt 
protects the heart against ischaemia-reperfusion injury by 
modulating mitochondrial morphology[J]. Thromb 
Haemost 2014 113(1) 367-370. 
[22] Sciarretta S Volpe M Sadoshima J. Mammalian 
target of rapamycin signaling in cardiac physiology and 
disease[J]. Circ Res 2014 114(3) 549-564. 
[23] Volkers M Toko H Doroudgar S et al. Pathological 
hypertrophy amelioration by PRAS40-mediated inhibi-
tion of mTORC1[J]. Proc Natl Acad Sci U S A 2013
110(31) 12661-12666. 
[24] Rigor D L Bodyak N Bae S et al. Phospho-
inositide 3-kinase Akt signaling pathway interacts with 
protein kinase Cbeta2 in the regulation of physiologic 
developmental hypertrophy and heart function[J]. Am J 
Physiol Heart Circ Physiol 2009 296(3) H566-572. 


