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ASREHXEFELMESMEXE OIS
“ELRIRNT

FIR, WA, KK, ek

(LT EF RFBHARAFFE, LK, 100084)
WE: B FiTAEZHNEF AL MR IEAR (SHR) & ALLF 4 b vy 27w J 7 gk B
£ 4 BEAMELNE, ik 12 2 16 AN SHR X REEL 4 L ##4H (SHR-SED)
FIz 4 (SHR-EX) , Fik /A 12 R E##E WKY A R4 & 284 (WKY-SED) #1
B (WKY-EX) . SHR-EX 4 f1 WKY-EX A 4T 8 Bl HE 4, ¥ /% 05 20m/min,
60min/day, 5d/wk. 8 A /5, MEAHARME. 20FEHEE. CAIKEEZ BN RLEERN
UROMARERE&BEEOMH O L R4 BEOmALAMBF L WREEN. £5: (L
SHR-SED % A W% )£ & % & T WKY-SED 4, SHR-EX 1 WKY-EX 4t 4k % £ 4 5| &
#{%F SHR-SED #4147 WKY-SED #4; (2) SHR-SED 4/ 0F 4% 2 ¥ 5 T WKY-SED
4, SHR-EX 4 % X F SHR-SED 41; (3) SHR-SED 44 tt, T WKY-SED 4/ Al i JB &
Aok, I, NBAREEARLTZEIE, SHR-EEX A4t T SHR-SED 4 2 # /& 1%; (4
SHR-SED 448 th T WKY-SED 4. MMP-9 UL % MMP-1/TIMP-1 & # # &, SHE-EX 448t
T SHR-SED A B E MK, £&®: AEAZH T UARKEELF BN ILE KRR QAL 44,
H# MMP-9 5 TIMP-1 89 &£ PR gE 2 L E EZALH 2 —,
XEiF: s AR FE;, FEAEg; gk CAFEL; ERABEAH
hE 5SS G804.2

Effect of aerobic exercise on myocardial fibrosis in aged
spontaneous hypertensive rats

Yin Yi, Shi Lijun, Zhang Lin, Xu Anjie
(Sport Science College, Beijing Sport University, Beijing, 100084)

Abstract: Objective: To investigate the effect of aerobic exercise on myocardial fibrosis in aged
spontaneously hypertensive rats (SHR) and to explore the possible mechanism of the expression of
matrix metalloproteinase. Methods: 12 male SHRs were randomly assigned to a sedentary group
(SHR-SED) and an exercise training group (SHR-EX), and also 12 male WKYs were randomly
assigned to a sedentary group (WKY-SED) and an exercise training group (WKY-EX). SHR-EX and
WKY-EX underwent treadmill training at 20m/min for 60min, 5d/wk, for 8 weeks. After 8 weeks,
blood pressure, heart mass index, the expression of myocardial collagen fiber, and the protein
expression of matrix metalloproteinase-9 and tissue inhibitor of metalloproteinase-1 were examined.
Results: (1) The systolic blood pressure (SBP) in SHR-SED group was significantly higher than that in
WKY-SED group. Also, the SBP in SHR-EX group and WKY-EX group was significantly lower than
that in SHR-SED group and WKY-SED group respectively; (2) The heart mass index was significantly
higher in SHR-SED group than that in WKY-SED group, and in SHR-EX group, it was significantly
lower than that of SHR-SED group; (3) The CVF, expression of I, 11l collagen fibril in SHR-SED
group was significantly higher compared with WKY-SED group, and it was significantly lower in
SHR-EX group compared with SHR-SED group; (4) Compared to WKY-SED group, MMP-9 and
MMP-1/TIMP-1 was significantly higher in SHR-SED group , and compared to SHE-SED group , it
was significantly lower in SHR-EX group. Conclusion: Aerobic exercise can improve myocardial
fibrosis in aged SHR, and the balance of MMP-9 and TIMP-1 may be one of the important
mechanisms.

Key words: sport science; aerobic exercise; hypertension; myocardial fibrosis; matrix
metalloproteinases
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0 3§

e L6 SORR R R e LS. Cessential hypertension , EH) & — i 0L O I 505
T G EE NI, FAE 20 tHh4D 50-60 FAX, Rt CLAIE SR IS A 5] S0 I
W — B RN, E i s O Chypertension heart diseases, HHD) J& Hi /4 0%
97 73 38 0 S 50 I S S B A AR AL . IR TR A, O TS R N R g, O ALgH
s AR R, EAE o 5 R LA S Ao JULAH B 18 23 14 25038 AT S 1S o LEF 440
WRINEERMEIIRE, AR, OIS R IRz &K A, R ERBRRIER
S/ Y1211 877 R T 41t N i 3 2 R o P e P Y B2 B s [ R
—ANEERIL

O LA AL 32 B AR & O UL 5T R 4T AE 4R 3G 58, A MM E 5T Cextracellular matrix,
ECM) ViR s infi LS 44 5 Thae kA B % (myocardial remodeling) Bl JEJLJ2 1, 111
TR SR LT 2, | R S B s Co LR 3, 7T 00 PR i B U e oo DL PR 7 21, 1,
N BB S5 3 22 LA X 47 (8] S5 9 45 1 25 4 Je DhRE ) e B PE B R . IR iR
B, L) 4> % 25 1 (matrix metalloproteinases, MMPs) F13E i 4 J& 25 141 il 4 2401 7 Ctissue
inhibitor of metalloproteinases, TIMPs) [¥>F-#7% ECM (1) BB gt 45 A B ZE iR o
MMPs Ay i I 72 58 AR B o ILET 44k & AE 1) 2 B2 R 2 50 IF ECM S 28 [ 8 AN ik 72 R
TIMPs 1E28 MMPs [ RSAFIHIF], o LA S B o i | B #2, 0 oise. fEOL
A2 MMPs 5 TIMPs f77E 4% ()P4, X7 — EERIA N MMPs / TIMPs 612k
WS O kA 5 R IEE ZYIR AL, BafE TSRS BhlE R — et T
BEA R, 224 TRIERSRE S, (BI85 52 &l O AT A AR 10U
JRE S =AM MMP-9, TIMP-1 58566 5400, 24 A W SCHRIRGE .

R, ABFFCEH 16 H# SHR f1 WKY KRB TE Aigshilg, e KR 2HiE,
SO AR, FRIRE Y LA IO U R 2R LRI 1B L, 55 ) Western blot 7233 2
OHLAZ MMP-9 A1 TIMP-1 S H RIS, BRI A RIS 248 5 A i K RO
JULET A IR 50 B AT R 58 4 s B T L
1 BRI
1.1 2R R4

M 16 H e HEYE SHR KR 12 R, BENL» v 24l (SHR-SED) Hizzh4 (SHR-EX) ,
fH 6 N Skl 12 JFEREE WKY KRBV vasd (WKY-SED) Miizsh4d

(WKY-EXD , 4 6 K. FrA s ddt @R e s R AR A gt s A=
VFAMIESE S SCXK (31) 2012-0001, sh4E FHVFATHIEAL S SYXK (1) 2011-0034, #h¥itt
5 (11400700038693) , TAbuifAE KsLiazhP b taae. KR E H#EEYoK, KHEXR
HEMG G SRR SR, 98 3 Ho CRFFIIIAFRE 5 AT o 12:12 BRIEH R, = %
Hil7E 4070%, FEIRIRFFE 22°C L.

12BN HR

g KB T —BEN SRS IIZk. — /G, SHR-EX 481 WKY-EX 017 8 Fifl &
%), EEEN 20m/min, —JE 5 R, BRFFS: 60min. SHR-SED 4l WKY-SED HAN#E T
B,
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1.3 B R
RIREBLAGE . TIMP-1 2 srBEGUIR A E . BRI S B bRc L E 5T 1g BRI

EALPIEERRIC L E TR 19G B Protein tech Group. #5244k Anti-GAPDH antibody 4 [
Santa Cruz. .57 P44 Anti-MMP9 antibody I Abcam. 0.5M Tris: 3.028¢ Tris §ili% T 40ml

WZEAKH, IR ESERTH pH 22 6.8, W ZZ/KERZ 50ml. 1.5M Tris-HCl: 9.085g Tris filiA T
40ml XK, IR ERER I pH & 8.8, XR/KERZE 50ml. HIKZEr: Tris B 3.03g,
HER 14.41g, SDS 19, MWE/KBEMEFEERRE 1L, 4CHRAF. FERESEMPE: Tris Bl 3.03g,
HE K 14.41g, 10% SDS 1ml, F/KHIEE 200ml, BZEKERZE 1L. WAHBER, A% 4C
%H

1.4 M F Pl 2
KB e OB E v — FUAX BP-2010A CBRIEAMIHARBIRAR, Jb50) W& KR EZ)
Bk I o

15 &0 RERENE

T ShIEREAT e fieJa — RIg sl Ja 48 /N UM o SR FHIGES 24y (50mg/kg) AR T
SERRIE, WP MR A QY FIFT 4CA RS Kb, FRE, T4 ORI (&
LE/MEE)

1.6 DAUREZRAH (CVR) k1. MAREEESENE

WADE (RO , %2 EHEEREE: WAk, U485, UFE 6uls 1%
A 2h, BUUTR, MBS ZK; RIRBL AR th, NTK LEERE MR o0, ek
T f4.; Mayer 75 i%é—%éﬂﬁ%éﬂiﬁ’@@ 8-10min, {5 4 M A% G i €, R K % 2% (4 10min;
WLAGER s R R A . R LI G tayd (Sirius Red Yeth) nl (i JR L 4 R 414,
e B | BRI R taek i, ﬁ”ﬁxﬂé et N EMETHENABEE S RS
(Image-Pro Plus6.0) , FEAL AT 5 ANAREY, HCHLIIE, IS0 ILIR] 57 i i 2587 43 20 CVF (CVF
FRIR AR S DL TR B, A RIRE B AEWEE 1 1R B AR I DL

1.7 MMP-9, TIMP-1 F H3RIEH Western blot ¥4 #l

BOBAR, -B80CHRIEGAT, FORE THATWHE AR, S5 MR E 30
43P, 12000 rpm IR ES 0> 30 2%, B EiEW . F Bradford A e o B IR, H B
IF ERERS, FERLT 990 COKHRA 5 4rel. AUk SR B % PVDF I E, H] 5%BSA
WEE 2 /N, FEhn—3Pr Canti-timp-1, 1:300; anti-mmp-9, 1:1000; anti-gapdh, 1:1000) 4°C
ELA, o RAFEIREIN P (anti-rabbit IgG-HRP, 1:10000, anti-mouse 1gG-HRP,
1:10000) & 1h. W0 ECL, &J%)5 T Bio-Rad ChemiDOC XRS+ 1, id30tfES, it
SR JEAE

1.8 HAE Hr

LERILL Mean+SEM %o, N SPSS19.0. GraphPad Prism5 #HT ¥R S it 041, F
MR ZH T 2 T (ANOVA), P<0.05 HEEM 2R, P<0.01 AIEF BEMER. n KxH
TSI EAE
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2 &R

21 KRMAE, LEMIME

mE 1R, IEFMEZESIE (WKY-EX) FIEHIME%##4 (WKY-SED) ALk, O
JIE B SRR/ (1.2840.01 vs. 1.41+0.02, p<0.01) , 45U Jii EFE 0 B/ (3.1+£0.1 vs.
3.4+0.1, p<0.01) , Ya&iEmH BRI (148.8+3.2vs. 155.84+4.1, p<0.01) ; fHiflE LA
(SHR-SED) A1 I IfiL & 22§ 2 (WKY-SED) AH L, K B A B W i ik /)s (392.3+11.1 vs. 406.8
+9.2) LI T BB B K (1.764+0.05 vs. 1.41+£0.02, p<0.01) , 40 Jii B35 K0 B4k (4.5
+0.2vs. 3.4£0.1, p<0.01) , Wi LR m (2275445 vs.155.84+4.1, p<0.01) ; il
JEizzh (SHR-EX) Al i 2740 (SHR-SED) AL, 0o 25 & B S/ (1.56+0.06 vs.
1.76+0.05, p<0.05) , A0l EmFEECE E /DN (4.040.2vs. 45+0.2, p<0.05) , Wik
B F#A% (215.2+4.6 vs. 227.5+4.5, p<0.05)

1 SHRRARE., Lo T A 1) ELEE
Tab. 1 The comparison of weight, heart weight and SBP in each group

2153 ENEEV) Ok /g A0 R W4 E! (mmHg)
[EE (mg) MAE ()]
WKY-SED (n=6) 406.849.2 1.4140.02 3.440.1 155.8+44.1
WKY-EX (n=6) 400.148.6 1.2840.01" 3.140.1" 148.843.2"
SHR-SED (n=6) 392.3#1.1" 1.7640.05" 4540.2" 2775445
SHR-EX (n=6) 387.829.6 1.5620.06% 4,030.2* 215.2+44 6%

FE: "p<0.01, 5 WKY-SED 4l *P<0.05, 5 SHR-SED 4lLb#.
22 KROUREBEARSH (CVP) I, 11 BRBEEAKRE
HE s TEE, Wik 2, B 1R, IEEIMEESH (WKY-EX) FIIEH % 22§
(WKY-SED) #tt, OHUREEFSE (CVF) LEFEMZER, ik 2#4H (SHR-SED)
AR I 225020 (WKY-SED) AL, (O IUREZA TR 738 (CVF) B G5 (16.63+£1.97 vs.
9.82+1.47, p<0.01) ; mIJEIEFNH (SHR-EX) SEii/EZ2#4 (SHR-SED) ML,
WU R R 50 (CVE) BHE P (13.104+1.05vs. 16.63+1.97, p<0.01) .
RGBT g, |8 (LB AINAL (L) RIRL4EMES, mE 2 ik,
IERIMEIZEIH (WKY-EX) FIIEF MUE %EH (WKY-SED) AHEE, 1. 1 B JFE&E AT
FKIETLHEZESR; mIEZE4 (SHR-SED) MIEH ML 2 #4 (WKY-SED) #HEL, 1. I
HRFEEANRERENZ, HU I BRFEEAREIEZ AT, siiEEs4 (SHR-EXD
i s 22540 (SHR-SED) AHEL, 1. N A R AR (A 02k B B kb .

# 2 B HR RO MUK R AR5 E(CVF) LR
Tab. 2 The comparison of CVF in each group

S 5 CVF (%)
WKY-SED (n=6) 9.8241.47
WKY-EX (n=6) 8.15+1.93
SHR-SED (n=6) 16.6341.97"
SHR-EX (n=6) 13.10-4.05"

7: "p<0.01, 5 WKY-SED #1tb%:; "p<0.01, 5 SHR-SED 4HEL#:.
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Fig. 1 Effect of aerobic exercise on collagen fiber in rats’ myocardial (ordinary light microscope)
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K2 AHEZBI RO AR RE A RIE R (RiRGiME)
Fig. 2 Effect of aerobic exercise on the expression of I. III collagen fiber in rats’ myocardial (polarized light
microscope)

2.3 KB MMP-9 fil TIMP-1 EHKIRZ

nE 3 MK 3 fizn, WKY-SED, WKY-EX, SHR-SED, SHR-EX [UZHx[A], TIMP-1
LKL TR EMEZS (p>0.05) ; IEW IMEEZESHAH (WKY-EX) FIIEH ML %54 (WKY-SED)
M, MMP-9 £k &L MMP-9 5 TIMP-1 LT B # 2R (p>0.05) ; {HiE ML %
#i4H (SHR-SED) AIIEF L% 22554 (WKY-SED) #HEL, MMP-9 %55 8] B3 (2.03+0.16
vs. 1.00+£0.00, p<0.01) , MMP-9 5 TIMP-1 Eb{f B ¥ (1.87+0.17 vs. 1.00+0.00,
p<0.01) : HIfLEZEZN4 (SHR-EX) FlE il ZF#4 (SHR-SED) A#HEL, MMP-9 ik
R (1.1840.23 vs. 2.03+£0.16, p<0.01) , MMP-9 5 TIMP-1 bb{i th o B &M% (1.16+0.12

vs. 1.87£0.17, p<0.05) .
% 3 ZAH KRN MMP-9, TIMP-1. MMP-9/TIMP-1 Lt#%
Tab. 3 The comparison of MMP-9, TIMP-1, MMP-9/TIMP-1 in each group

25 51 MMP-9 TIMP-1 MMP-9/TIMP-1
WKY-SED (n=6) 1.0020.00 1.0020.00 1.0020.00
WKY-EX (n=6) 0.9340.14 0.98+40.25 0.9540.20
SHR-SED (n=6) 2.0340.16 1.0940.21 1.8740.17
SHR-EX (n=6) 1.18+40.23" 1.0240.15 1.1640.12"

7E: "p<0.01, 5 WKY-SED #lEt#; #p<0.01, #p<0.05, 5 SHR-SED #41Lt4:.

MMP-9
TIMP-1

WKY-SED WKY-EX SHR-SED SHR-EX

MMP-9

TIMP-1

GAPDH

3 HEExRRONAZ MMP-9, TIMP-1 & [R50
Fig. 3 Effect of aerobic exercise on the protein expression of MMP-9, TIMP-1 in rats” myocardial

3 A5t

A FLLZAE SHR KRNI FUREEA, HoeR MR RIS TB, MRS 1K
FUEEPE A 48002 25 I PRI, 4800 R R AT et ik N 2527 £ FE 2 A S g st oo L
FYEtbbr EVIRFE R ARIEMIFW, fJERFH Western blot y: M %2 T 45 %32 3% MMP-9 Fl
TIMP-1 & H R IA 5200

O WA A FRLE O ZHZR S5 0 v Ji S 4 e ot B AR B T oA i Yt 2 v e s 5 A
Sy% (CVF) SRt 3 S A sos SR A F A 1 Lo L) SRR o A o L, UG iR S 2T 4 i
B AR R, MEAR i, LT Ak 2 i SR AR R AR AR R i R 45 5
HELZEELT: 5%, MR =R PG OMEBSAE, f.0FEF 48 D) 5e Fhs ;
HWK, BAE T O HAR A B b AN O L B, (Rt T URZE ThReRERg . RItt, OO LEF4Efk
A NAB A0 T REAS A LU % (1) J Rl 2 — o 2R DL TE RS G5 H o v AE 4R B /K P i A2
FE I AN A AN R T 4R 520 L. Lushnikova 250 51K 5RREAF 4 86 A0 L B O LR A, 36
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A ORI AE R . A2 ARG IR LR B2 238 A, T Co UL O 502 A B 40 1 8 1f 25
TR WA, EAHRKT,  BEAERE G KT 5] i AL LA BB R, RV 21 4E 194
e I R R BE DL A e, WA DO GO A . A R S 2 AN e I . H AT,
29RO 1 I 9 9 ) 2 SR, (EK R ORI AR A, AR 5 s R B R T AT
iR FEAEEREE, W HREAAWET ARSI . & ACSM  “iga&R%)” S
M3, 18R A s ) — R R 25 M e T B H 28 32 319G

Hl, KEWFFRIESE, KA REZESFECOIE IR R A SR AR, R
ORI, IR AERE J3G5E, O AFR M ReRE e, REE =GN, R E TR
MBSO EREN . KM FOS Sh B SR SE AN D RE & A B8, ESh ik B KB ik i
EIRPEAS K, a4 s SBP B2 &K, thah, KHIH EISshia n] LA ANE M 71,
flidyok (DBP) TFFf. ASLIRIMESTREY, BHFERNRAELY 8 MMEKAAisshE, I
Y5 SRR R 00, X A S AT TS B8 EllisonM™MAERT ST M, A B IR R
FE A RIS A — B BRI R I B Y I .

O ULEFSELL IR R IE FE 47, 76 1 I Pk O JB v, O LS R4 $ (collagen
volume fraction, CVF) 3 K& /0o % &7 5k AR A F5E 358 0 ASC28 A ST I 535 B AR 1) 32 2 e s IR
o mlfL sy, [ 4RMaRg A, R JEAE TR B AL el IR S MBS 2, IR kA
AL, TR WU R, A Seib R KRR A Y ikt R B, WA B TN, #4
I K B WL R b i SR 4T 4 2 25 2 T2 4R IR IR KR, JUHE | BIRIAE A RIAE L
S, ATAE Iy 1 RARJE 2R F EO Al 5 25 T i A s 3h 8 JB R i 48 1 I s K R
LT R A B RS, ONUREE A SR, I 00 B & A E A B BB, i
WA S8 B BB A e 2 4 i I K RO UG i 2 R A

IEFAEGLT, BRI LR — NS 1P, B BRI o5 i J5L 5 & (1Y) 5%,
RERA 6591 R I 7 B AT 20 i IR 2 R AR R B4 e B, 0T 4R FERR B I 454 5 DR
BAE T RBIMER . — BIXMOPATmir, B4 38 2 sif g B, SHmrfiii i 2ot
N, SEFgERALE. 11 MMPSITIMPs RS0 IE Pt T 4R iR 5 iR e e &
KHEEN] HHIERH, MMPs AMULECIE T o R A h R AT, T B IR E &
% BA TR I, MMPS/TIMPs BG4 26 8 2 MMPs 263 K% 0 et B 489 it i S 8000 25 A
o JULET AR B B2 JR ] . Derosal™45 %t 44 491 1 1 %5 % 44 42 f BEXT IR 1 132 MIMP-2,
MMP-9 ¥ FEAEPEBEA TR, R B R I MMP-2, MMP-9 ¥ B R34 250 2 v 1
SHEZL (P<0.0001) o A W7 SL88FSZ MMPS/TIMPs 24591 MMP-9. TIMP-1 K £k
AP EABERNRZ L, OHE AW OIE MMP-9 FiE/K P EIE, TIMP-1 Rik/KF
W E, BT MMP-9 Rik/KF, Fik, MMP-9/TIMP-1 L34k, oCafULEH I A1 8] 5 4
5 MMP-9/TIMP-1 SRk A 5¢, AlRedEd 2 MMP-9 Al TIMP-1 FI3RIE, FEle M
FEIE B8 90 FRIBAR o LA A 18] o R A, i S 35 PRI R B BE AR Y PR B R TR AR, 53
O BT, RSeih b, Western blot k6 Ik L ULZLZ! MMP-9 A1 TIMP-1 (K1361%, &L
EATIBETIEAT, MHETFZEESMERTRU, ZEEIMEXRR MMP-9 KA L
ZTE, H MMP-9/TIMP-1 HEB R EH K, X5 AT s R —8. EAEE3TM
AN, &t 8 JAFIAIE B I SR 2 1 I K BRURH B T2 A 22 4 s IR K B MIMP-9 36
EEFT R, H MMP-9/TIMP-1 LUAE 525 A 30T 288 3l T DA S4B AIG 2 4 i I s
KOS MMP-9 [(3R1%, B MMP-9 5 TIMP-1 (I ELAE, A s O LT 4E1L AR
o
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4 iR

A AIa sl ] AT RGE 24 B R ME RS K RCD LR 4R, Hort MMP-9 5 TIMP-1 1)
RIE VA AT e A H E AL

B
S AR R A N ZRITH ” XA S 4 SO HE
SR LRI T R 2B BE T AP B 0 SR O B8 R IR AT FE AR S5
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