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Abstract

Objective: To investigate the role of exercises training (ET) on left ventricular (LV) remodeling and dysfunction in
post—ischemic failing rats by ligation of the left descending coronary artery.

Method: Adult SD male rats were randomly assigned to three experimental groups including sham-operated group,
post—MI control group (AMI-Sed) and MI+exercises group (AMI-Ex). Rats were housed under sedentary conditions
and assigned to 8—week treadmill exercise protocol.

Result: Comparing with AMI-Sed groups, in AMI-Ex group collagen volume fraction (CVF) of LV non-inforction
area deceased and pulmonary congestion reduced (P<0.05), LVSP and +dp/dt max improved, but LVEDP increased
(P<0.05). AMI-Ex group was associated with normalization of the MI-induced decrease in type I procollagen and
type Il procollagen mRNA levels (P<0.05). Also, it showed that exercise decreased MMP-2 protein expression in
non—infarcted LV, but ET and MI had no effect on MMP-9 protein expressions in AMI-Ex rats.
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Conclusion:

Early ET in rats after AMI may have beneficial effect on LV remodeling and pumps function by

attenuating type I and I procollagen and MMP-2 expression. It suggests that early exercises training is a positive

clinically relevant option in post-MI rehabilitation.
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K B-actin HLIAK (Santacruz 2 7 ) ; HUR i 48 1k P Tify
Fric B Edi e 1gG (H+L) (TBD A ) \ECL &I
¥ (Santacruz 2 7)) AL F ) T & Hr 4l /)
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(7-0) 78220 B-HEHR A 2h Bk R4 A2 2% F 1 mm b
48 FL A2 6 IR Bl ki e S O AR L R AR AL, ER A
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Il 5 ) /it 2 EEx 100%
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O T O A BB 0 AR A5 FHL A 3 7 2mm
JEHLBYI R, 40g/L 22 3R W B [ A2 24h, & LA A4
R FH Masson 32 {2075 8 it U R Ak 4% 0 o0 JUL 20 it %
BCEL A R G R 0, AR BT 200 fEALEF T, 4
SRUD T BEHLEEHC 5 D HLEF, AT BI-2000 B2 5
Bt 22 Gl i B AL BT e A U o5 A e, O
{EH/I% CVF,
1.8 A Zc.0 Z AEAEAE X WL 2L T | TR J g )i
(CoL. 1 .CoL. II)mRNA ik

B 100 mg JEHESE X0 WL, H Trizol Reagent iat
AL S RNA, &0 RNA & PR 58 f 5 0 s i)
ST R SV, pro—Col. 1 pro—CoL. 5|41
TESCHRY, NS LA B-actin 519 H Oligo 6.0 # 4 F
Frigit, i At st e AR W) A PR R 8 pro—CoLl |
(1075bp) .
i 5'~-CAAGAATGGCGACCGTGGTGA-3’
T 5'~-GGTGTGACTCGTGCAGCCAT-3'

pro—ColL 1 (450bp) :
i 5'~AGATGGACTAAGTGGACATC-3’
TUE 5'~-CATGTTTCTCCGGTTTCCAT-3",

B-actin(664bp) :
i 5'~ACCCAGATCATGTTTGAGACCT-3’
T 5'-TCAGGACGAGCAATGATCTTG-3';

PCR J Ji & % :Buffer (10x)2.5ul MgCl, (25
mM)2.5ul [dNTP (2.5mM each)0.5ul. 5| % (10pmol )
0.6l .B-actin 5[4 (10pmol)0.6pl taq FfF (1U/wl)
Il .cDNA4pl SYBR Green 1 %¢ )¢ 4% Bt 0.5ul,
ddH,013.3pl, 423 #2 T 52 0 92 56 & & PCR (Real
Time—PCR) 4" ¥4 b HEAT ™3 S I o S 24
AEPE 94°C Smin, AEME 94°C 45s, Bk 56°C 45s,
FEA 72°C 60s, i R 32 IR, AR ZE i 72°C 10min,,
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P Ar 45 K15 8 B WA B-actin 19 Ct fH
FIH 2 38 B 69 2 I mRNA X} B —actin 1
XpFAE, HAKFEKE mRNA % ik #/B-actin £
A B =2 O )
1.9 KWL WIS MMP-2 .9 & %k

BCAEREFE IO WL, 219K 05 PBS Bk 2 3, A5
AR H 2R R, VKA b 30min, B0
2min, WL 35 2% B s W vk B ek B fF R
Gz P 5 0 LA FRE i SRR BUR A &0 10min, 2
O i B o A 2 KA R A R FR ) 10pg
EHREES A 15% SDS-PAGE 7 & )5, # BT
PVDF JE |-, 1:1000 bt K B —$t 4°CH# & F o
%, PBS Y& 3 Uk, FHLL 1:1000 BN i 1k 9 i b
YR [gC(H+L) “ P E M F 1h,PBS 75
PEW )R, AR E A ECL A & &t B X KA
JEF B . F ChampGel2000 %8 5 4843 4544, 11
5 5 B A5 A5 P AR K BEAEL, DL Sham 2 2545 JK &
{Eh 100% , HAW W 2H 2571 I FEAE -5 X5 B 4H 251 K
FEAE R LUAR , B Ry A XS Rk i1 (%) .
1.10  SEit2#o bt

SIS E A I SPSS11.0 G 8 44 47 7 22 40 #r
B DS B o 22 ROR

2 HZR
2.1 AMI }iz shill 45 )5 0 IE 48 80O MLk sh 112 5
ARk

AMI-Sed AMI-Ex 20 LVWI 1 LVLA ¥ & 2 &
F Sham 41 (P<0.05),8 J& iz sh il %k i AMI-Ex 4
LVWI.LVLA 5 AMI-Sed 41 #1 3T , AMI -Sed 41
RVWI Ffiti & 7K %8 1 2% 7% T Sham 21 AMI-Ex 20
(P<0.05) ,AMI-Ex #{ RVWI fili %5 7Kk % 5 Sham 41 It
BEREER (L),

AMI-Sed #1 AMI-Ex #{ LVSP Flxdp/dt max 2.
F % TF Sham 41 (P<0.01), i LVEDP 3% # T Sham

#&1 AMI Bizzhill 430 8 M &0 (wts)

4% LVWI(mg/g) RVWI(mg/g) LVLA(mm) Miid K= (%)

Sham 3.47+0.45 0.85+0.09  11.3x0.61 5.1920.72
AMI-Sed 4.59+0.58%  1.31+0.17%  19.4+1.1Y  8.43+1.027
AMI-Ex  4.37x0.60°  0.96+0.07%  17.1+1.4Y  577+0.90%

5 Sham 21 L DP<0.05; 5 AMI-Sed 41 [t $:2)P<0.05



FRALE PE oo mas s mam

41 (P<0.01), AMI-Ex 41 LVSP Fll+dp/dt max % &
F AMI-Sed 41 (P<0.05), 11 LVEDP & Z ik T AMI-
Sed 4 (P<0.05) (£ 2).

R2 AMI RIEFhill 3t % 3h 51 F S 58 8200 (vts )
LVSP LVEDP

0 +dp/dt max  —dp/dt max
(mmHg) (mmHg) (mmHg/s) (mmHg/s)
Sham  139.78+2.69  5.51+0.27 6277.1£515.4 5342.2+380.4
AMI-Sed 91.06£2.45% 13.92+0.33% 4369.2+397.223539.5+363.57
AMI-Ex 121.79+2.70"® 10.79+0.28% 5509.4+514.3723875.5+366.0"
5 Sham # H#:(DP<0.05,2)P<0.01 ; 5 AMI-Sed 4 L #@P<0.05

2.2 AMI Kz sl ki AR 58 X0 S 25 B 40 5k
Masson 4% {4, i /v ,AMI-Sed 2H } AMI-Ex #H

CVF ¥ 1 3 & F Sham 41 (4 %14 P<0.01 1 P<

0.05) ; AMI-Ex 41 CVF & Z X+ AMI-Sed 41 (P<

0.05) (WL 1),

2.3 AMI Kz shill 2k )5 1,000 8 )5 % J5 41 4 mRNA

K MMP-2 MMP-9 % [ #5451k

5 Sham 21 Fo #1101 & U L mRNA 3 3k
AMI-Sed 4 43 5 T+ & 167% Fl 99% ( ¥ P<0.01);
AMI-Ex 415353 TH& 72%H1 61% (¥ P<0.05), #18
FET AMI-Sed 41 (W5 3),

AMI-Sed , AMI-Ex £ MMP-2 %& [ /K - ¥ & %
T Sham 41 (444 P<0.01,P<0.05) ; AMI-Ex 21
MMP-2 & 7KV Z KT AMI-Sed 4H (P<0.05), =
4 MMP-9 ik o 2 5 (WLE 2)

*®3 1 MBERKEFZ% mRNA & MMP-2 MMP-9

EARETL (xs)
a1 [ Rs R R MR EREE  MMP-2 EH MMP-9 & A
mRNA mRNA (%) (%)
Sham 0.4320.06 0.77+0.09 100 100
AMI-Sed 1.15£0.09%  1.5420.13%  259.4+34.9%  125.7+16.5
AMI-Ex  0.74+0.077% 1.23x0.12"% 174.2+25.19%  117.4x18.6

5 Sham 41 L5 DP<0.05,2P<0.01 ; 5 AMI-Sed 41 1t #HBP<0.05

B 1 Sham/AMI-Sed/MI-Ex =4H Masson &% CVF =L

AMI-Sed 41 (x200)

3 itig

WF5E 2 BH ET A] %t MI 0 JIE 7= A= 22 07 THi 5200
UNREEATC L JILIE] BT £ 4 2 1 & i RE L sl =R
SR O IIRE G L B-H R R BEAZ K Na/Ca®
SRR 1 ARIR BRI I8 2 5K R 5% AL (angiotension
converting enzyme, ACE) %2 AMI J5 R E ET
Tt RIS I 1) 5 SR 24 i 45190 52 30 F 92 A L 42 31
MI J& ET Af fff MI f A9 K, s I8 5% ma , Ji B8 ] g
5z g iR E R, hAESRE BT WA
FEBR R SE R AMI S R ET. % MI A5
KR A0 = EI B0 200 = 048 D g s BRALEE MI
DX LT J55 50 JE mRINA 363k K 7 i BT F2 22 %
fIG0 L MMP=2 25 4 35, % MMP-9 JC B B 52

WESEIER 254 T WURE AR M J5 0 L TR] ST Ji
RS AL E I IRE, (AXTEF kT RE SR

AMI-Ex 4 (x200)

af

Sham AMI-Sed AMI-Ex

5 Sham 41 FL % - #P<0.05,%%P<0.01 ;
5 AMI-Sed 41 FL %5 . #P<0.05

SZAM; Xa FFEE R ML S ET R BRG] 5T D
RN, 22O EWATR NAR A IS BT K
R B HEEY, AR R 52, ET g
IEPNE NG RN [y & S TS SON (PN
AR, UEEE] ET ff M1 R A 0= T AR i
J5t mRNA IR e it & 5 W1 I s, Wi 4 2 e
(LVSP Fl+dp/dt max) 255 , FZMEF KD d8 b5 (-
dp/dt max ) JG I B M

O E ECM F 20 T TR B 41 B, % 4 45 0
LA DOINBEIE W R EEWEN . ECM & &# 1E
AT 322 R R A A R PR3 A MMIPs
I 4 JE E EH B 2 F) (tissue inhibitor of
matrix metalloproteinase , TIMP) 1% P£ 48 b 45 il . 0oL
JE it aok B o S R AR E X O U 7 AR AN RS, M S
O WLIE] S5 5 15 728 A e 3 B0 % T A T R, M
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2 Sham/AMI-Sed/MI-Ex =ZHZE AT

- -2

A A A -actin
Sham AMI-Sed MI-Ex
WA 310 U SR b e T/ T 280 e D e AR B i
SRR EERREA, T8O Y ik 5 7 1 5 SR, il
FH SR A o A M5 0 WU R &5 i m] 8 =9
ST A S 45 R R BT B RO LIRS 5
i, HIE Y 5K 5 48 ET 5 ML K B L MMP-2
EERB B TAEZ 3 KR, U] ET f ECM %
fiff K22 08055, ) WA 9 3R I A Ao R 1Y) ECMD B A X
HeFE MI S IE# 0 I8 A4 H B AE U,
ARSI BEAT 2L [A) R MI S ET KRGO L
Je S5 B IF AR Bt MMP=2 175 PR AR I, 5 i BH
BEAK, TR 2 FE R AW JRL R AT B - (D HAth
D WU 2 R 2R, W B 82 H (osteopontin, OPN)
FEARHN, BFFE B8 ML G OPN FRikBé i, X gt
MI Ji 0o LT 5 g S R il A o0 5 T 9 ) e ¥ d L
Ve A1 i 58 .k OPN 5 MMP2 36 14 22 a] &
MR EZ, Y OPN A B Az 9 il ik MMP-2 3% 14
B, MMP=2 23R AIKET OPN Rk mt7, A SL 55
WL E] ML 5 ET K BUO L MMP-2 2 1 2% 8 FEAIX,
W L IE OPN & 35 AR HT AT RE fin o , B Im ek .00 %5
EH, QLT EMmME ZEKERL (renin-
angiotensin system,RAS)Z:fEXUL MI B0 = T b
XM J5 O WLEF AL RR B2 AT 2w, 4] RAS Af
R sk B AR AR 020 BT R AR MI O AL ACE
ik A E 5k E 1 (Angiotensin 11 ) 7K 71 58 5 1
AR AT RAS  FEARE J G , PTREJE MI /S ET
RARA 10 WEAE EAE FH A F ZEHLH 2 —
ARSI EE IR AR IR ET X MI S0 ifig
e MK A 25, 13 ET X0 JJL MMPs 2% 35258 4k 1y
S M AL AT 5 2 — 25T
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