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Effect of resveratrol on myocardial fibrosis in mice with chronic viral myocarditis

WANG Zhou-Ping, HUA Yi-Min, ZHANG Xing, WANG Yi-Bin, SHI Xiao-Qing, LI Ming-Yuan. Department of Children's
Cardiovascular Disease, West China Second Hospital, Sichuan University, Chengdu 610041, China ( Hua Y-M, Nathan_
hua@ 126. com)

Abstract: Objective Some research has shown that resveratrol can ameliorate myocardial injury and improve cardiac
function in mice with acute viral myocarditis ( VMC), and can inhibit cardiac fibroblast proliferation and myofibroblast
differentiation in vitro. This study was designed to investigate whether resveratrol has similar effects in the mouse model of
chronic VMC. Methods One hundred mice were inoculated with 0.3 mL of Coxsackievirus B; 1 x 10° TCIDy,. Thirty days
later, the survivors (n =62) were used as a model of chronic VMC, and were randomly assigned to 4 groups: untreated
VMC, and low- (10 mg/kg) , middle- (100 mg/kg) and high-dose (1 000 mg/kg) resveratrol-treated VMC (once daily,
for 30 days). Ten mice which received neither Coxsackievirus B, nor resveratrol treatment served as the control group.
After 30 days of resveratrol treatment, the mice were sacrificed. Serum concentrations of collagenous pre-peptides ( PINP,
PICP and PITINP) were assessed using ELISA. Hematoxylin-eosin staining, picrosirius red staining and circularly polarized
light were used to examine the histochemistry of myocardial collagen. Results The myocardial collagen volume fraction in
the high-dose (0.74 £0.19) and the middle-dose (1.07 £0.12 ) resveratrol-treated VMC groups was significantly lower
than that in the untreated VMC (2.33 +£0.18) and the low-dose resveratrol-treated VMC (2. 17 £0.19) groups (P <0.05).
Compared with the untreated VMC group, serum concentrations of PICP and PIIINP in the high-dose and the middle-dose
resveratrol-treated VMC groups were significantly reduced (P <0.05), while PINP concentrations increased significantly
(P <0.05). Conclusions Resveratrol can inhibit hyperplasia of myocardial collagen in the mouse model of chronic VMC,
acting as an effective anti-fibrotic agent in the myocardium. [ Chin J Contemp Pediatr, 2009, 11 (4) ;291 —295 ]

Key words: Resveratrol; Viral myocarditis; Fibrosis; Collagens I and III; Mice

TRTEPE DL (VMC) BRI R 207, K 12.5% B9 ] Fe A o 5Kk 390 I (dilated car-
LR P A, R B AR YEW, KA diomyopathy, DCM) T HUSAS KL ™ o 0 ILE] R

[ A 3812008 07 -31 ;[ f& [l A 4 12008 - 09 ~ 11
[FEHE A VR, 9 i, Be I, 2Ty 16)  JL B M0
CHIRPES 1At B, 93 30, DUV R AR D 2 — B e ML ), iR 44 1610041

- 291 -



5511 555 4 )
2009 4E 4 A

W E % &L &

Chin J Contemp Pediatr

Vol. 11 No. 4
Apr. 2009

EFYERG T VMC 18RI A T S 3R, BHL00 i It
WA BT 1k WLET EAE 27 1E VMC [5] DCM 36461
ARG . IR RR AR R 2 W
Wy, ) ZATAE T Z R b RSN A O LR
2T 4 40 1 3 5 L o3 b i RS F 00 UL EF 4k AR 1 1
FAAE VMC 21, (32 AR 13 s O L
A0 R S eV Y (RAE VMC 18 HERT, 2
HAT O LR - AL B3t O DB, BRI AE T R4
PEF 18 R AR 5C B SR8 o A< 5256 1 1 WLEE 1
ZEPIER /N VMC AS L0 WU B2 R, LASYT
I ARIATT VMC R — % i 5L g ki .

1 HEST®

1.1 SZIesh¥ Rt

4 JE& Balb/c /NER, 2lFR I, R HE 16 ~ 18 g,
TS T SPF A5 i #ifk CVB; (Nancy £k, P41
KEF R 57 R e U E ) T = B )

SEE Y AR R (43120 C14H1203 5 43+
T 228.25) , Fr it 98% , VU1 HBL KR 2 A PR H
Fe i, it . 070115,

1.2 h¥EBRHERS A

4 JE S HEME Balb/c /NER 110 B B 1E 5 %) B2
10 HAh, HA 100 H i s4Fh CVB3 1 x 10° TCID,,
0.3 mL,30 d J5BiE /N VMC 98 P AR (2895
AN P21 G e R AR R R AR i 21 G 20 A i A5 7R o
op) 62 H i EENLECF L5 8 4 41, B VMC
R B 16 H; (2 /Rl Al 16 L 3
FErp SRl 15 2 EE AT EEGR A 15
1.3 /% F*

Fie /I B A B BRI B P I (2 R R
ZH:1 000 mg/kg, FAZE P i v 7 5 41 : 100 mg/kg, [
PN R R 10 me/kg) ST 1 mL 75% SR
fifE T 000 8 Ao ) 2 AR K I ) R AR N e BE, B H
0.2 mL 35, IEH X REZL A VMC B X B2l A H
257 0.2 mL LA [RITERG e B2 28 0k 2o 1) 28 1R /K
o 2530 d )5, A/ NRE T LA AL
1.4 FRZAALIE

P A A /D BRI P2 Ui i & A -20°C 7k
FEVRAERRIN 5 O 4 2357 B 10% v PEAR 2K Hy bk
W, [ 72 24 h J5 dEAT AL U AR . B R OR
Fi-PHeLgefe et b5 AR . IR RAR IR LI YL
- iR 6 AR AR, RO B 2 U e A R X
SR AR AT AT B 3 AT o R S R A SIREA Y i
gV R, Bk U A BEALIE IR 10 S PLEF, £E 40 x 4y
B x JA48E T SR T TVC1481 5 s T 454 WL vt
PP rp BRI TR A o B L BFAE ] By 45° FR

BT REE WK BG4 sk, b 9 i PR o) e B
PO, A3 h—ik . PR R & w5 2%, T e
R R S X I FA4E I R 35 [ Media
CY A IPP 5.0 UG s ik ik A5 o b, 1L 10
UG S5 1 43 1SR R B0 R Ak SR 2 T ik, 3 el X R
oL AU S A BOER A5 o 43 AT X e 56 02 LA &
Gt B, TERE R AR R . 25 R B i e 41 4k
H SR — 1 XA B LA IR R R 2
B, B LA TC % pe o I IR 4T kAT, A I bk
RN G A B )8 AR IR , A4 e Jt A TR AR RS
JGEEJE (integral optic density, 10D) SEHKE 1.1
FRURE D A T AR LA AN 34 22 1) () 25 B 53 4K ( collagen
volume fraction, CVF)&E. X} 5 194347 57, 10D
G B AR AT P T 2, — SR B S R AR UL,
T8 T A A% S G B B A AR R,
PGS B E HEE R R IR EE . TR
FEIER YT R i T, kB St w5
AL, T LA B 10D BiZ 2t — g EE NI A 1R 2K
FEEARNN, X BLKBE (3 RGB = P I{H
1.5 mFFRN

7 ] TG e 2 WA I 3ok 3000 e Dt i O < T 7R 7 e
Jirt 2, 5 i K ( PITINP ), T A0 3 fise Ji 2 4% v i A
(PINP) Jo 1 BU i g Jit 3 35 v 1if K ( PICP) , 7
492 nm LSRR, MRHE A HE i A (EAERRAER 2R
A TR R AR A
1.6 ZHitZEFH*E

SERE R LB £ R UEZE (2 2 5) o, R
SPSS 13.0 GEit iR Ab B, 21 6] b4 % F B R K O 22
AR LSD ¥k (7 255F ) MO IE ¢ R 3 (5 2 A85%)
g7k E o =0.05, P <0.05 JJy 25 54 1o 3 o
2 F#R
2.1 FJHANPRIETE

TEH X R T TS, VMC 2 70 % IR 41 8 7 %
50.0% (8/16) , FHZE 2 /N K &4 43. 8% (7/16)
HFE 4] 20.0% (3/15) , K54 33.3% (5/15)
2.2 HWERWMZE

VMC AR HEZH /N B R A2 L stk 325 3
/N AN ) 2 /N R 95 % Hh B AR, 0
JEP™ I, AMEEET L 5 SR B B SR AR AR, L
RS 22 5 KGR AR IE F%F BRIk e i 21, T
SRR Y=
2.3 BRENZE

O IEYI R ARG - e (B 1) 5 B RARIE
LT WA T R (K 2) 5 5 IR RIR R
iR BAR (K 3) .

- 292 -



11 EBH 4 ‘Péﬂk)bﬂ%’%& Vol. 11 No.4
2009 4F4 H Chin J Contemp Pediatr ;\I’l 2009

B1 ODEVR(HARBFIEL
x100) A:E-ﬂﬂﬁzﬁ, 1 ,
LA 2%+ 58 3 7S SRt :

; B,C 4 VR EiboN ECRAIEE Ay VI
il PRI 20 Bz s LR ., EL AT DL B
SR ILET 4k AL AL, 3R 40 T 5 DY 3 2, L Y
ﬂsfﬁfi'%mHMﬁH D,E 43510 A !
A A [R) 5 PN AT DA A i i % VMC
AT HE AR A 2 /N A b

& 2 :'c%ﬂ&?a?(i%ﬁ%iél%@ ><200)

(I IR, /N RO LK : (uf
?JVMC R N BE 4 AN o 6% I 45
JE LA T R 2T 4 A1, ; | B O\ A s
R £F 4, HEFNZEEL; DL E 43 500A v )
LRI, W] UL SR AT 4
4 E%@Hiﬁ%d\%ﬂliéﬂﬂﬂimﬂ‘ ‘

D E

B3 RIRAEBMEHR( x200) AEHFXH
N T, TR S AR 2, 43 A 0 WLEF 4 2 1],
IR s B, C 700l VMC BEHRIT HE2H A o 2
E%—/J\?ﬂliéﬁ,. FOC e T, T 7% i J i (g3 2,
TR IR K Bk, N R,
TCIF , PR, BEACIRHES ], T 700 i i 5 4 40, 45 4
B, AT 1 R DLE 43518 A
R ) B A T A /0N R O T A S VMG
AT AR ZH T (3 B /N7 o 2 B S a0 (BT AT
DL T R K 2t i) T 7Y i i, {5 TG B

R I




5511 555 4 )
2009 4E 4 A

W E % &L &

Chin J Contemp Pediatr

Vol. 11 No. 4
Apr. 2009

2.4 FAMNMRONMAR] , MBRERFREGSHT

VMC BRI RR AT T | T fg Jt 1o AR A S K T 1F
HXTIRAL (P <0.05) ;55 VMC R BIX] JREH K (22
Pt/ N B 2 LA, P ERR i Srporl e 1,
AU i AR > (P < 0.05) . VMC #5258 %} #f
RN EFE RN A b T, T 78 e it 1 AR 22 S
JoREM. AR AR AR EA R 1,
I AU ST AR 2E S e PR (R 1)

F1 FHMROMEAR T, MEEFFRRO AL

(x%5)

4151 AL T, R S 25 RS
IE AR 2 10 0.13 £0.15
VMC HEHI X HE2H 8 2.33 £0.18°
L RE P N 2 9 2.17 +0.19°
B B b 12 1.07 +0. 12"
SR IRlEYNIie 10 0.74 +0.19"

a: I H X AL LB, P < 0,055 b 55 /0N 4k 1 521 i 4
VMC A% R4 HL R, P <0. 05

2.5 MiEFKRMER

MR 2 AU - VMC B B2 /) Bl 335 v
PICP , PITIINP V& J& B I 5 T IE # X BR4H (P <0.05)
T PINP e B2 B R AIK T 1E % HRZH (P <0.05) 5 5%
AU RRZH P, 1 2 7 P R o S v 71 2 /)N B
i Hp PICP, PIIINP ¥ Ji BH & )& /> (P < 0.05) , PINP
WEEHIRIE & (P <0.05) , FIEE BRI ®AR A
F e i b ) £ /N BRI A PICP, PIINP 3 B 79
IG, PINP 755, (H 22 5 J0 W 3 . (32 7 /N7
YA AR A /N BRI 3 H PICP, PIIINP ¥ B2 AR RS A%,
PINP 7§ &1, {H 22 53 JC . 1%

x2 FBANMROBEREINRRENLRE (pgD)

2051 B piCcP PINP PITIINP
TG R ZH 10 8.8+3.3 57.8+3.5 3.2+0.9
VMC BRI IRZ]L 8 42.6 £4.2° 23.3£2.9*° 34.1x2.2°
FZEMEUNIEE 9 36.5+3.1°  26.4+4.3* 32.7+8.8%
FZ MR 12 24.7+3.7° 38.9x3.4" 13.310.5"
FFPRERFE 10 22.4+2.8" 46.724.8" 11.220.8"

a: 5IEH X IBLL AL, P <0.05 ;b 5/ fli (122 M4l il VMC
PRI R, P <0.05

3 g

ORI JEAR 5 20 A0 1 & 2E % A
e, O JUUSE T SR 48 A 7 5 e JU LI 2 60
THRETF KR o PR B0 1 IO UL TG A6 5 R IIE 52,

VMC PP 32 S B U2 O I ) S 2T 24k, 230
g 1, T2 S O ) it A DR AR, 8 T e i
JVE US4 FRET 5K D RE , i DCM JE Jilt 1Y) H S5 FEAIL
il o PRI I R 7 B 42 Tl S A 5 D 1 2 1V 3% =2 v
57 VMC PP 9110 B 230

MAPK ( 22 2R TE AR G ) B PR R (e 2 Fh
P PEPI 10 LR e R AT SR A, 70 ILIE
RPN 1 S BEPE Y 1, BE % 6l 55 =50 410
MAPK {5 50K S LI T, Rl B AR &) F 2
A TR G 18 PR G B PR I E 25 ), R
PR PTG S AR O G E B T . B 25T
FEH, 2 I RE A% 410 1] T e 200 A - T LA Y 1Y
He5E T ERK1/2 K& PR 22 WA 9 O 58 1 s
HAR"07 Olson %5 BF 53 32 W], (A A2 I aof 47
O 2T 4E 20 M ( cardiac fibroblast , CFs) [ 355 1
o34k, TR O JULER B 72 g JULET A BE A, 2 24700
WUEFHEALAOFE T o LA A P e o] 1 I X
52 1T CANG 1) 75 5 09 241 ML AN 5 38 1 B3l 172
(ERK) #1 ERK #/§ (MEK) #9754, #0 i ERK @R
Ak, NI CFs g 58 . PRIk AR BT 5T e B 22
PR VMC AS M s Y RO WLET 1L B AT 58
WaNiuBLisioe i

IEH AT R AEERR O NE R LT A B, PR R
O WLEF 4 A2 5 0GB E b k% T &
SR R I 5K ) Kt R O JILIE R
M EZRR . BRI, B4 232
FEP mRINA B S5, 7 3 A 52 320 2% b e Dt 7t 174) 94
Pt U S B 6 A AT R s UL
PE O IIRE T . MURER 2 A Bk, I i A=
ALFE W FP I R, RO &2 M 2T 4 4k s g 1 21 4R 4L
RV AR PLA B S 0 —Fh ORI L, AR T
AR IR H HOC WL RE , T By M 2T 4 A DU 2 11 S5 2
IRRPEREE A SRR B A O LR K N O
U ) B R AR TR . N VMC AR ST 1
PEWIAT DU A 18 2 V27 4k & Ry 16 52 P 41 4
b+ BOW LT HEAY P e Dy By M 2T 4R AL X A —
AR L AE VMC 22k BT LR B A
AFITFOIHAEME , 325 VMC 2 PRI e 2 S/ 15
BVt B, AR T RE O IIRE. BT LANTE &
PRI IS P25 TR T TS 22 i I, A RE 3k 2 BT 1)
097 B ARWPFE R IR ARG -FH LG 0, JI R R AR A2
LI EE SR IR W U VLR 2 SR ) R TE TR
IR LR T, I B R 2F 4t &5 5 9F A £, VMC
BT XT BEZH /]S ot UL AR AT R R B T AR, I D s 70
B 48 22, b g R LA VMC ASEREGS B ZH /) B L

. 204 .



5511 555 4 )
2009 4E 4 A

W E % &L &

Chin J Contemp Pediatr

Vol. 11 No.4
Apr. 2009

KA T W BT AL, I ELARAE 5 1 96 KE 20 i 332
VP i R e 2 B 1 s e 3 2 e S
U S/ T B W/ N R 4 DL VMG A8
Xt BRZH OB Gei 278 X 3R R T ) T
VMC P31 0 WUBE S50 A=, I L2 300 e R

FARPRLT e — TR SR AR ek, & 7T LA I
BRI R R IR SR I S T Y B, 41 5 A B e
JEUTE 2 R IR KRR L Y 05, ZEMRAROE T T 3 e
JELLT 2k 5L ST S AR AT (0 B 2 (0 LT 4 , T 730 e
VB 55 AT S 1 43 € 20 2T 4, 2 e DA 2 ik 1 £
T AT HEAR TR £ 5, B T A 008 , 37 H LS ST
A BRI B ARG . PR TR AT IR e AR o
% WU WL EE 22 % i T T VMC 18 P 0.0 LT 2 1k
{Epig

AR S e SR A B e 4 3R 8%, VMC 6t
RUXF R T, T 750 J5e J5E 1A AR ) S K IE 3 % B 48
(P <0.05) ,5 VMC K% BEZH % 1432 Jist /N
A, A W R bR T IO D
P D (P <0.05) . VMC 750 Xk B8 26 i1 1 32
PN H e, T, I 26 g Jo 1 R 2 5 T L
e, B 7 R ) e LR A e v ) e 4 LU
L, TR e i AR 25 57 TG S 8 . DA T P B e
Fole K ep R 2 AR A SO B0 LA 4 AL T R

PINP, PICP, PIIINP 433 44 3 0o T, T AY Jig
ECFRY BT 1R 22 1A, A R I e I i 4 K S A
6 I DR TR PR 8 A ASASL AT AR A T O UGG S5 5
F R , T L T LA 2 e T 20 T 780 JE A A7 0
Fert PICP 2 T RSB 45 i, PINP S5 ke T 70 e J5
(i R e, PILINP 3= %2 i e T2 e Sty 5 70 A
WFFE45 5 TR VAL B v ) i e PR 4 PO CP
I PIINP 35 B S AR, 110 PINP B 658 T, 3
5L R D S UK /0 T o e 346 o, 1 28 /N ) i
VMC AR HRZH 45 5 5 22 7 ep e i e 2 W1 4 A
I o VI A P R A o WL B 1 AR A, Dol 2
FULISE B B3 G, M TR B0 JULET A4 BOPE T

(& % X ]

(1] JRsERL, REES, B8, . Wit ORI By

PET T E (] BT 2T 4 A 9 SEIR AP LI ], PR R 2 20 Ak,
1998, 78(9) :699-701.

BT MR AR Z R AN LY iR B WU 5 9 R O LR
MG RBIESELT]. rh i 2440 LRI e ,2004,6 (4) :325-327.
TR, iR, 2238 . B MO LA/ BUG LI T-FI3R A8
BIBEFELT]. S E G AULRGE,2002,4(1) 257
ANTE IR E R, AR S, L0, 2R N, B EERIRTS MR )T
AN TR LA AT LEFFEL T T A [ S QLR R 5, 2003,
5(5) :439442.

EARE, Ete, KUWZE, MR, KRmZ. O NUREXHE M
VMC /MG UL CBV3 s RNA FaR iR (1], st
FITEBE 445, 2003, 16(12) ;1721-1723.

Olson ER, Naugle JE, Zhang X, Bomser JA, Meszaros JG. Inhi-
bition of cardiac fibroblast proliferation and myofibroblast differen-
tiation by resveratrol[ J]. Am J Physiol Heart Circ Pyhsiol, 2005,
288(3):1131-1138.

Yoshida Y, Shioi T, Izami T. Resveratrol ameliorates experimental
autoimmune myocarditis[ J]. Cire J, 2007, 71(3) :397-404.
TR ATSEN AR RS 2 RO % 3 2 SR e 1/ B
OILRIIRTIIFE[I]. 12y ,2003,25(5) :398-401.

Doering CW, Jalil JE, Janicki JS, Pick R, Aghili S, Abrahams
C, et al. Collagen network remodelling and diastolic stiffness of
the rat left ventricle with pressure overload hypertrophy[ J]. Card-
iovasc Res, 1988, 22(10) : 686-695.

Yu R, Hebbar V, Kim DW, Mandlekar S, Pezzuto JM, Kong
AN. Resveratrol inhibits phorbol ester and UV-induced activator
protein 1 activation by interfering with mitogen-activated protein ki-
nase pathways[ J]. Mol Pharmacol, 2001, 60(1) ;217-224.
[11] EI-Mowafy AM, White RE. Resveratrol inhibits MAPK activity
and nuclear translcation in coronary artery smooth muscle: reversal
of endothelin-1 stimulatory effects [ J]. FEBS Let, 1999, 451
(1) :63-67.

Haider UG, Sorescu D, Griendling KK, Vollmar AM, Dirsch VM.

Resveratrol suppresses angittensin Il-induced Akt/Protein kinase B

[12]

and p70 S6 kinase phosphorylation and subsequent hypertrophy in
rat aortic smooth muscle cells[ J]. Mol Pharmacol, 2002, 62(4) :
772-7717.

ST, BRFAHNE, EOREE LTS, B 5. 3 Spi0nd I 4 2R 5k
50 RO L 2T 20 200 i 348 B 0 It 45 B 11 53 i)
[J]. BBUR 22 E i (BR300 ,2003,24(3) :235-238.

AR, PR AT SV T B0 S O LR K S 18
PSP SRS R I RE B SEBRAFTE [ T ] A0 B 2%
7,1999,27(2) :140-143.

Querejeta R, Varo N, Lopez B, Larman M, Artinano E , Tuan C,
et al . Serum carboxy-terminal propeptide of procollagen type I is a

[14]

[15]

marker of myocardial fibrosis in hypertensive heart disease [ ] ].

Circulation, 2000, 101(14) :1729-1735.
[16] Querejeta R, Lopez B, Gonzalez A, Sanchez E, Larman M, Mar-
tinez Ubago JL, et al. Increased collagen type I synthesis in pa-
tients with heart failure of hypertensive origin ; relation to myocardi-
al fibrosis[ J]. Circulation, 2004, 110(10) ; 1263-1268.
Nojgaard C, Johansen JS, Christensen E, Skovgaard LT, Price
PA, Becker U, et al. Serum levels of YKL-40 and PIIINP as prog-
nostic markers in patients with alcoholic liver disease[ J]. J Hepa-

tol, 2003, 39(2) :179-186.

[17]

(AR BE)

- 295 -





