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Abstract: In order to probe into regulation made by long-term aerobic exercising on the myocardial energy metabo-
lism of rats suffering a chronic heart failure and any possible mechanism, the authors established a post myocardial
infarction heart failure model after having ligated the coronary artery of the rats, let the rats rest for 4 weeks, then
divided them randomly into a sham operation sedentary group (Sham), a myocardial infarction sedentary group
(MI-Sed) and a myocardial infarction exercising group (MI-Ex). The rats in the MI-Ex group exercised on a tread-
mill for 8 weeks, while the rats in the Sham and MI-Sed groups maintained a sedentary condition. After the experi-
ment was completed, by using the left ventricle tube method the authors measured hemodynamic parameters, which

include left ventricular systolic pressure (LVSP), left ventricular end-diastolic pressure (LVEDP), maximal devel-
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oping rate of left ventricular pressure (+(dp/df)m.) and maximal descending rate of left ventricular pressure (—
(dp/df)nax); by means of Masson dyeing the authors carried out histopathological observation; by using the colorimetric
method the authors measured myocardial glycogen, fat acid (FA) and lactic acid content; by using real-time fluorescent
quantitation PCR the authors determined myocardial peroxisome proliferator-activated receptor o (PPARa) and car-
nitine palmitoyl transferase-1 (CPT-1) mRNA level; by using the Western blot method, the authors measured AMPK,
glucose transporter (GLUT4), peroxisome proliferator-activated receptor y coactivator lo (PGC-1a) protein of myocar-
dium. The authors revealed the following findings: as compared with the rats in the Sham group, the LVSP and
+(dp/df) e of the rats in the MI-Sed group decreased significantly (P<0.01), their LVEDP increased significantly
(P<0.01); their myocardial glycogen content decreased (P<0.01), their FA and lactic acid content increased (P<0.01);
their PPARo, CPT-1 mRNA decreased (P<0.01); their phosphorylated AMPKa (p-AMPKa) protein level increased
(P<0.05), their GLUT4 and PGC-1a decreased (P<0.01); as compared with the rats in the MI-Sed group, the LVEDP
and +(dp/df) . of the rats in the MI-Ex group increased (P<0.01), their LVEDP decreased significantly (P<0.01); their
myocardial glycogen content increased (P<0.05), their FA and lactic acid content decreased (P<0.01); their PPARa,
CPT-1 mRNA and p-AMPKa, GLUT4 and PGC-1a protein level of myocardium increased significantly (P<0.01). The
findings indicate that long-term aerobic exercising improves the metabolic remodeling of a failing heart and enhances
cardiac functions by activating AMPK and its downstream signal pathways.

Key words: sports biochemistry; adenosine monophosphate-activated protein kinase; heart failure; energy me-

tabolism; aerobic exercising; metabolic remodeling; rat
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IS NUHE S TR fE b Re R A, dERR AR
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1 MR RFAFE
1.1 EWzh¥)

SPF 2% SD KR 45 H, {&iit 260~320 ¢, MEAfE
e, WA dEE R e s R L, RS,
H K,
1.2 OEJE HF #RBU RN ST

KEBEHL A OREZHMI 2H, 30 F)FR TR
(Sham 41, 15 H), O R EIR s IkEEHLAR 572
SR AP IL , TR 68 O, B 250 H R 7 2~3
mm b 0 522 R E5FL AR SR RTI% S . Sham 2 1
FEZELe, AZEHL, HARAER M1 41, MI 4L
A3 R U RENE HRZH (MT-Sed 2H)FLOAHIZ 320 (MI-Ex 2H),
4% 15 2 Sham 4H1 MI-Sed 4{RHFLHRIRE,
MI-Ex 4147 419 8 Ji )iz shilll 2.
1.3 BRIEHAE

KH Bedford 8 RIS Zs %S Bl S min
PG 00, AR 5 m/min)e, BTN 5°
A 10 m/min(F24 T 45%V0u.), % 1 Kl 15
min, %52 K 30 min, %5 3 K 45 min, M55 4 KITHRE
A 60 min, 5 d/JE, FlZk 8 JH
1.4 MRz NWZFSE OIEE) MNE

MR R R, O EHE R A0E, R
fefigss, FIHZEUAEYE S REMH ARG DR
FWHEIESI(LVSP), 220 &P KA WIE FI(LVEDP) |
ZEl 3 TR b THEAR (4 (dpld o) FIZE 2 TR 1 BROR
TR (—(dpld D) o
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FPR A 00 72 O LA SRR R B oA 2045
FA WRBEFIZLIR T 5 BE IR UREE , ™ 4% B Mﬁ(%?
A ) TRETFE IR U AT . B 235
mg/g. mmol/L, p mmol/g,

1.7 SKBPRHXE=E PCR #&M/LAL PPAR « 0 CPT-1
mRNA 7k T
POV )E , F Trizol 2B RNA, 045
JNARAT cDNA, S5 E  PCR(ABI 7900HT #1%¢
g PCR 1Y, JE[E)ME PPAR o Fl CPT-1 mRNA
T, 5P IR 1§55 AR 95 °C, 1 ming
94 °C, 30s; 54 °C, 30s; 72 °C, 1 min, 340 MF

ﬂ:o [/y\ B —actin ,f/j;ﬂ‘j W%, i‘l‘ﬁ*ﬁx‘j‘%:\djio

F1 SIMFIIRFMKE

A B 4 AR AR I T 7= 4 K B /bop bkl
L% 5°>-AAGCCATCTTCACGATGCTG-3’
PPAR« NM_013196 309 T i# 5’-TCAGAGGTCCCTGAACAGTG-3’
CPT-1 NM 013200 690 J’_/ﬁ- 5’- TATGTGAGGATGCTGCTTCC-3
- T i# 5°- CTCGGAGAGCTAAGCTTGTC-3’
B-actin (M1 %) NM_ 031144 316 L7 5°>-GAGACCTTCAACACCCCAG-3

T # 5°-GCCATCTCTTGCTCGAAGTC-3

1.8 Westernblot JUECANLE AMPK o B . FHER Y. AMPK
a ZEE (p-AMPK a ) . GLUT4 FA PGC-1 « Fik7kE
SRS PR AR S AR T, SR BCA YAHF TR
FIE o HEH] 10% 953 2SR 5% 4N , fHHs 120
V. 80 mA TiHLPK 10 min, LAE, #fT SDS-PAGE g
k, B EPVDF L. S%lils Uik = iRE A 1 h,
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W GBI ER A AL LA SR AR AL
1.10 SFitEHDH
FTA $cdi i SPSS 15.0 e 4 it T5d0E /it o
BARLL SFRE + bRfEE” FOR, ﬁﬁﬁﬁl%’%ﬁz&ﬁz\
I TG AR 0, A 4P EBe i LSD ka3
EMKEER £<0.05, JEH BEKTER 2001,

2 FEREHH
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+ (dp/d D BEME PR P0.01), LVEDP I 1Tt
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BEMEFHE R 2<0.01), LVEDP WILR#0E T (2<0.01),

®2 AREHMARMAHNNESH (« £ MM

28 7 n/ A LVSP/mmHg LVEDP/mmHg +(dp/df)pe/(mmHg s —(dp/df)a/(mmHg - s™)
Sham 15 137.26+11.55 4.18+1.76 4 324.64+465.19 4237.06+381.92
MI-Sed 15 78.39+9.75% 11.4742.96" 2478.284215.27Y 2 034.18+194.55Y
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MI-Sed 15 2.35+0.76% 1.75+0.28" 3144519
MI-Ex 15 3.78+0.62Y 0.71+0.12? 23343529

15 MI-Sed 44, 1)P<0.05, 2)P<0.01;

15 Sham #3642, 3)P<0.05, 4)P<0.01
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2 AL PPAR a 1 CPT-1 mRNA F9ZZ 1k

mRNA(Sham 20 694544)
oo m— =
SN PR NKCOND B

2.7 CRLE AMPK a |
BT

O WL AMPK o 8 F7E 45 4 22 % 06 i 35
(P50.05) . p-AMPK o 7 MI-Sed £ % T° Sham 41
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KA, X 5 RS g g m L. BR T 5 ERE
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BREEHONESH o IRIRIFRC LI, HEF B O L
B S A B T CRR, i O LR M [ B I O AR 5 i o
REJCTA RO T RE vl A 5

it Sz s EELOAE PPAR o k7K, SAHF
JEAR—3, M2t 8 A%z, MI-Ex 41 PPAR « .
CPT-1 mRNA /K-8 & F MI-Sed 41, UiEHKIIA
FAB NG T AMPK-PPAR o {5 538, iz PGCI

o FIH . SORRA )G B IO ILREAS A R 4R
1k, FIH FA BERE, (OIE FA S WAL, W T 0
JE R BT B RO S8

3)ia gk AMPK-GLUTA {5 5 % S5 i 4 piA G
o

AP 2 5 IE R O LRI 173, AMPK
AL FH GLUTA &3k L BG4 148 4 2 W 4 B
FEH R R E ™ AR, HF B GLUT4 &
FIZ65 T, X5 Tian S IFRREE R 3, i TiE
KL, BIR GLUT4 SEEHREIR, (A LAY GLUT4
ARV LI E T LA N, 48R HF BF AMPK AUk
Rehner et GLUTA [n] WUBEEG AL, DATITHG i 2 b6
B, SRMEAT GULT4 Simiss, GLUTS 7ENUBERAH
XA Z I AR L HF BRI RE LR . HF BHERE
fE AR I 3, O LRI ik, FLRRMER U £ |
PR B — 2 R D REY

— W atsEh ] B GLUT4 Fak™, HiE XET
T 3 R I A P B O WL L 1 Ol e i {1
RERCRIE FA FIBEA E Ak m) . BRIEZE8) LA
GLUT4 ik & AT REA R T—k @tz gl fEAt
FEHT, MI-Ex 4 GLUT4 2 17K 2 & 5 T MI-Sed 41,
PR KNG iz shil i 51k AMPK fiéi#t GLUT4 K3k,
HAPRHRBE I, S 0eR, MI-Ex 410 WIFLRR & g
MI-Sed 21 2 E LR (EAT T Sham 2H), SEHIHINA
SO Sl HE BRI AL RE AT SRR LR AR
JEnT AL K S sl bR A= ) 6 il &
MAE RER RS RS I i 2, AU A AR AR
¥, AR FA SRR RIS IS AT w2 - A
A R 1 Tl A T e 114) DK Tl ——— A Tl 2 o Tl R
PR AR, (R UL REE T I A A ARt RE
Uk, OAALRRHERDED, IR B

HF ip O LAE S A AR A2t L Se R FA 678
BT SR BLBE N IR MU P RERIIR SR TCR, RNk
KR & nsi/b, BEAE HE RJEERE, JRITIR 5H
IMERIFIIE 2 TR s sl FA Ak HApE
FIH LR ARAR A D)5 i3, 22O IR
IRIE N RIS R

gi b, KIWA SGs sl id #E AMPK ST
UHFE S IE UGS T HE GOIERAOSE S I 5 =i o)
DUIRE.
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