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NMEFGERFEABROINARMERELEFEREEELHLR
HUEREFRIEZBFM

FAIRLE, FEubEr, RN, Mg
L TEESEE 1. 2y, 2. BleEcirful, 1077 #J0 121001)

WE: BH AR WAREA =4 ks K S MUA R R egERALE . ik SD KR ip iEH4E AL
FHBAE AR B Mg ST BZ10 mg-kg i 12 B, AEALE TR LS ESPMARKLE,
M TS T F A5 40 Western FPiZ sz € AT LA R | RANAAE, AR 42 EF 98 2(MMP-2) ,
2% % QB R H B F 2(TIMP-2 ) R A R A A F BT B, (TGF-B,) Ao 4 4 A K B T (CTGF) & A
BT, R HEFSRAML ERFBAX RS ERZHAN RIS, KR T AR M A &K R
(P <0.05) ,MMP-2 4% ik /" \TIMP-2 & ik ¥4 (P <0.01) ,TGF-B, o CTGF & ik 8] 23 3% (P <0.05)
WU R4 23642, RRAEL ig T NAREA 12 AE, SRR EIEHKA L HEAK((4.13£0.18) vs (3.42 +
0.13)mg-g ')A e T A A M A A&k 8] 28V (P <0.05) ,MMP-2 & ik 3% A TIMP-2 & ik &V (P <0.05),
TGF-B, & CTGF %k #] %55 (P <0.05) , & WUja) Ji £F 438 A 42, 5 EF *F B2k, AR 40 K 5w
WL MMP-2 % 358 b, TIMP-2 % CTGF £ 5433, 2518 N AR-E-A) o7 A 33 37 5] 48 R R KR LA 2R
TGF-B, Fo CTGF %A vA B 38 5% K IR 2 )3, % & B R 3k | A o 27 45) 4 SR 9% s L8] IR 4F 44K, 368 L 4m i s L
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H PR O L 48 M b &L i (extracellular matrix,
ECM) 59 3= SR 0 O JILEF 4E 4k | 40 i 1 35 o
JRE S TTCARRR 200 A1 i o e S AA R A, X AR AL
3 3 T P O LR S AR AT T REZR L, ol
FLARMAE A P T A PERISRAE o 20 i b S R
IR BRI B O & B SO RS RE S Y 3
BN PRELRE . BT 4 R 2 1 ( matrix metalloprotei-
nases, MMPs) J&—41 B4 57 1 HL B Al ECM B840 11
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PRI N 25 b o B B - ] 2 S RS o s, AT
MMPs 71 TIMPs [&] f) -7 , 2028 2 J 3 1 73 1 9 45
X PR 9 0 UL 200 &1 366 o o 900 T A
Ak 4 K 7 B, (transforming growth factor-B,,
TGF-B, ) F A2 .0 JULE] 5 2T 4E AL TE 15 & Ji i
7, 5 Z e g ] BTer 4eib A O 254 H A A KA 7
( connective tissue growth factor, CTGF) NI &£ 4t {k
TERE Y RN PR T, RT3 AR
ECM [l RAR o DUHE3% ) (benazepril, BZ) Jy il 4§
Bl KL Wi 4 37 ( angiotensin converting enzyme
inhibitor, ACEL) , AT 3 2 410 il % 9 O AL 240 i
T B E A, DRI RE Y . AR ST L
R PRI A BRC DL A5 1Y, LS BZ 6P PR R B
AL MMP-2 , TIMP-2 }; TGF-B, ,CTGF &3k Ry52 0 , i
— 0T BZ X0 bR L JULAH i A1 66 o T 99 f A
Pl

1 #MR5FE

1.1 29 Ok R LR
5 Ik £ # & ( streptozotocin, STZ), 1% 5.
H1027S, ( Sigma 24 7)) Al BZ( [ Sigma 247) . %
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SURE R RPU IR T PR (45 : bs-0578R) (it
Ji T T 78 45 4% ( 45 : bs-0549R ) . MMP-2 #i {4 ( 4
2. bs-0412R) TIMP-2 $i{£ ( 42 . bs-0416R) . TGF-
B, P& (i 5 bs-0103R) Fl CTGF Hi ik (i 5.
bs-0743R) ¥ {1 At 5t B AR AE WHe R B B 5
PEBERR B Ar 10 1 L SE B Uk g LB &
NBT/BCIP g 8,3 4 F 24 2= Rk A Al DY-1 #Y
HLUKA , 1 7 B 97 A 4% 24 B ; Mini-REPOTEAN 1T #4
FLUK A, 3¢ [ Bio-Rad 24 w]; DYY- I 2Y Hy %% 6 £l
e — A & 5 TGL-16G 5 # ¥ VR &5 .0 #L,
H A H 728 6], JEOL-1200EX 35 &t B 5%, H A H 1
i
1.2 zh¥) EEHER S E

SD Kfi,24 H, & {&Jfi 200 ~250 g,2 %,
LT B 22 Be S 56 sl i oL SR 4L, S i Rl e S
SCXK(11)2003-0007, 16 H AR —Ww AT ip 4
T 1% STZ %W 60 mg - kg ') Il I B 0.5
mmol - L™ 44 15 R4 4% R 4 2% w38 (pH 4. 5) i
filo 73 8 FUIERA IE 4 B4, 1 O 45 i A5 B UM
R -HIRR R BN ZZ 03 0.5 mmol-L™" (pH 4.5) , 4K
RILER B B B dE & oK. S 72 h b & R
K AR B > 16,7 mmol - L™, JRAEFHE & 2 A
B PRI 15 Y ( diabetic model, DM) K fl, 4K Ji5 ¥ 4
PRIG K B BEHLS> J3 DM 1 BZ 41, BZ 4 ig 45T BZ
10 mg-kg ™" 312 JH,
1.3 (O EREREEEN RO ERARE

T B R B0 JUE , 3 300 R B JUE B £ ( heart
mass , HM ) K 75,002 Jfi 1 (left ventricular mass,LVM) ,
THALONE ST A8 20 (HM index, HMI) I 700 % T it
FEXC(LVMI) . HMI (mg-g~') = HM/BM, LVMI =
LVH/BM, RIGK A LEDI—FET 4% Z R
(pH 7.4) fP i E 24 h, 5 B4 S, HIVED) R —2F
BT -70°CUK4E, T Western B[R
1.4 DINALRRERE
1.4.1 &EME

BAS K RS D 2 O LS 4% 22 5 ik [
TE 6 CRLK R AR O LA )
h HE Jea,, s P EREIEE 55 g%
1.4.2 H$ENE

AL 2 H K, ip H 9 20% & H7 30 ik
fige, B2 2 D LB, VTR 1 mm® K/NgL 818k, #
TFRAS A 3% 13— [ 72 VR 11 2 2 b, 1% #R R [
1 h, BRI K G , 20 IR AL, D)
2 BB )5, 37 ST R B ORI 45 21 K RO
WL s 9254k

1.5 Western EliE AN AZ O EONRKE [ 2K
M # ,MMP-2, TIMP-2, TGF-B, 1 CTGF EH%i%
B2y 100 mg et 30 L, 37 B S Y Tris
ZEhii b (TBS, mmol-L™"':1% Triton,0. 1% SDS,
0.5% % 0%, EDTA 1,Tris 20 (pH 7.4), NaCl
150, NaF 10), 4°C B ##E 5,12 000 x g 5.0 30
min, BE 3%, Lowry 257 3k 8 (5 & i, DL
1.3 3 [ ( bovine serum albumin, BSA) Sy#RUE S,
&4 8 W B R B — B, H 10% ~ 12% SDS-
PAGE 43 B85 1T, B TKGE 25 1 AR &2 20 ~ 50
ngo N T HERSAIWT B 08 AT 1AL R, — S UkGE
Seeblue plus 2 FiYL M FHAPRICH) . HLUKE K PAGE %t
Ji2 H ) 2R o HL 2 B 2 R A R 0 R, BB S
R 3% BSA BHWT 22 i o, £ A 60 min, £ ]
TBS( Tris 10 mmol -L ™" (pH 8.0) ,NaCl 150 mmol -L ™" ]
VMR 3 W, BRI 10 ming R —HiH (s —$t
7 1:500 Fikg) ,4°Cad 1, TBS Wk)a , K FE A B
PEBERR B ARG LU0 — 4 (=30 15500 #i
), IR E 1 ~2 h, 885 F TBS PEAR 3 Ik, Bk
10 min,NBT/BCIP [ &% HafE i 8, H 2 B, &
1B B e X B s 1T A K 1 %4, MMP-2, TIMP-2,
TGF-B, 1 CTGF #A7IE o FA-Hr A & iy &R 4T
B MLBhE M, MRIEE B B S —3hE, ¥
B R A, A BERE B 33 B SR A
Chem Image 5500 XJ 2 (17 #F 17 B 40 W O & (A
(integrated absorbance, TA) 734, LA B WLshEE N
S ITE ZH A WERRRE T8I A,
MMP-2 , TIMP-2 , TGF-B, Fll CTGF %5335,
1.6 SCURZS SR x £ 38, ] SPSS11. 0 #f:
WATH 4347 K F one-way ANOVA F1 LSD-t
B AT P LA

2 #R

2.1 DUBEFIT#E R %m K RO AR FREEH A D
ERERHNHI
F 1 R R, 5IEH XL A, DM 41 K B
HMI F1 LVMI B i 34 %5 BZ 40K B HMI Fil LVMI 15
WAL T DM 41 (P <0.01) . R K C
P LIRS , = BRI 220 20 LA &, BZ W] )
BRHE R T B LIRS
2.2 DUABEFITHERR R A RO ALA LR E R R
HE Yea 7R, IEH 6 BRAL (B 1A) Z2 =0 LA
JaHES A ), DM 41 K B BILAH g HE S 2L, mT WAL
LR AEMT L, O LA AT B K , O JULTRD BT B/ DN i 48 )
FIF 4 £ (E 1B) ;BZ 4258 (B 1) o
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F1 ABLEF(BZ) MHERFEE (DM) KR HERERE
¥ (HMI) Fl £ O ERERE (LVMI) B)320m

Tab. 1  Effect of benazepril (BZ) on heart mass index
(HMI) and left ventricular mass index( LVMI) of diabetic
rats

25 HMI/mg-g ™' LVMI/mg-g ™"
1EH X R 2.93+0.10 2.21£0.13

DM #5275 4.13 £0.18™ 3.38+0.127
BZ 3.42 £0.13" 2.67 +0.09™

DM #RIZH N BZ 2K B — IRk ip 245 T 1% 25 T H5ENRE R 60 mg-
kg~ ARR RO BRUBERY. BZ 2K ig 44T BZ 10 mg-kg ™', 34%:
12 8. xxs,n=8. *P<0.0l,51E %% B4 bis; *P<0.05,
#P<0.01,5 DM AL H#%.

E1 NABEFx DM KR OUAREMEIFMm ( x400).
YA 1. A IEE XA B. DM AL ; C. BZ 4.

Fig.1 Effect of benazepril on cardiomyocyte structure of
DM rats.

B2 i 5 e 5 i, DM 2H K U0 LD 22 30
BB JRyEIS TR, R A P i K 2 s YR AU 5
LA FREF 43 22 (1 2B) |, 6 40 1 45 32 IR FE 4 2
7oL U S 25 4 W S 8 405, o WL T i 2T 46 348 21
M1 BZ 20K SONUE 27 4 L2 2 b AR 45 4 57 W 29 A 2k
) S5 b , B IR JE W) S i % . $2UR BZ
AL LB , A R AT A (181 2€) ¢

B2 WHEFX DM KR OANERE BRI
(x10000). B 1. A R XTI B: DM HIHAL,
C: BZ 4.

Fig.2 Effect of benazepril on cardiomyocyte ultrastructure
of DM rats.

2.3 NPEFFIFERBRBOMEE I 2% A
RIXH G

S IE % R A e, DM 4K R0 LA TR T 7Y
(1. 09 + 0. 30 vs 0. 35 + 0. 19), Jig J& 1M A
(1.73 £0.25 vs 0.57 £0.22) FEH i1 (P <0.05) ,
N BZ Jg , RGO AU TR T %1(0.49 £0.20) iR
M# (0. 67 +0.32) F kB B (P <0.05,
P<0.01) (& 3),
2.4 DUEBEF X HE PR R K RO AL MMP-2 0
TIMP-2 Ri%& RIS

5IEH A B4 g, DM 2K B0 L TIMP-2 5%
RHE, MMP-2 323k 72 (P <0.01), BZ 4k K
TIMP-2 % 1k ) 55, MMP-2 kB3 (P < 0. 05)
(El4),
2.5  DUARE FIXTHE PR % K B0 AL TGF-B, #n
CTGFRIZHI M

S IEH G AL 8, DM 41K R0 UL TGF-B, M
CTGF k381 (P <0.05, P <0.01) ,BZ 4K ELO L
TGF-B, F1 CTGF ik (P <0.05) (5)



$232- PEBEEL YR

E2011 56 A% 25 %% 338  Chin J Pharmacol Toxicol, Vol 25, No 3, Jun 2011

A
1 2 3

BlLEhEH
B
250 O1m
= m#
iﬂ% 20+
ik = 15+
T .
g -
g 10t
B g
0
TR DM %Y
gaibill

B3 Western & 5 E3f ik i il DUAR-Er 7 3 48 5K 9 K B0 AL
IR 1 R MBRANZM(A) REESWER(B). %
WL IR AT IR A0l 2. DMOBETUA ; 4%l 3. BZ 4L TA: BUMK
Y. x£s, n=3. "P<0.05, *P<0.01,51E%X} B4H K
#P<0.05, P <0.01, 15 DM 7L L 4.

Fig.3 Effect of benazepril on cardiomyocyte collagen typel
collagen and typelll expression in diabetic rats by Western
blotting( A) and semiquantitative results(B).
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1 2 3
—— e R 1
G S S— B3
307 ] MMP-2
] TIMP-2
~ 25t o
z 1
P ‘% 20}
R
I 15f
s & g ¥
£ 10}
oL—L ’_L —
TEH TR DM &Y BZ
205

El4 Western E[ i i il DUABE F 33 48 FR % K RO ALY &
BReBEBEH2(MMP2) MEEZEAMARME EF 2
(TIMP-2) REMFM(A) REENMER(B). &4 1: iF
WRTHRAL; S 2. DM OBERIAL; A5 3 DU R4 v+, n=3.
¥ P<0.01, 5IERXTRAIHE; PP <0.05, 5 DM BRI LS.
Fig.4 Effect of benazepril on cardiomyocyte matrix metal-
loproteinases-2 ( MMP-2 ) , tissue inhibitor matrix metallo-
proteinases-2 ( TIMP-2) expression in diabetic rats by West-
ern blotting( A) and semiquantitative results(B).

A
1 2 3
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l'§'l 5 Western & 3 B335 5 46 ) DUAR L 7 X 4 bR 9 A B0 AL
AWML ERKETF B, (TGF-B, ), FHALREKE T
(CTGF)§E|Z=E1_H’J I (A) REESHER(B). & 1.
TEH X BRZH ;s 455 2. DM BEAIA]; 4kl 3: BZ 4. v x5, n=3.
FP<0.05, *P<0.01, 5IEFTIL LA TP <0.05, 5 DM i
H K.
Fig.5 Effect of benazepril on cardiomyocyte transforming
growth factor-p, (TGF-B, ) , connective tissue growth factor
(CTGF ) expression in diabetic rats by Western blotting
(A) and semiquantitative results(B).

3 iFig

T o I 4 L A7 5 5 1) 2 2 103 S D, E
JULTET B v ST A 200 i 7 A 0 53 A 1) S B 41 4E 20
O3 AT T JIE 20 L A e B e ) T O e T R
MR, Searls 25 BF 55 F W1, 4 BRI I JULAK £F 4
A B AR, T R EUR S N 2 RN R T
RN WANE Z Lot o AR S5 ol PRI 2 12
SV B PR A B LB Dt T 8 R I A 3k B it 1
Z ,HMI F1 LVMI ¢ 1F % BEZH B S 434 5, o PR 245
87O JULIE] ST 2T A5 15 A= 5 3% B e i B PR R B A
TEC JILIR) BT £F 45 Ak B2 A 2 Jo Ay

Van Linthout 25/ I 52, 76 STZ i 5 09 4 R 9k
4 BT W ZEE] MMP-2 mRNA (9535 LR K
ALY MMP-2 1 & &t XA Bl /b, [ i A TIMP-2 55
HNZ, RO RN, B IR E R B 12 J8 i L
MMP-2 L3570, [a] i) TIMP-2 ik 38 . 2 Wb
PRIEJRFE 12 J&] iy MMP-2 (3% 3% 14 9 55 , TIMPs 114 4=
Py AR5 5 O H 220 &0 U T2 e T A
SH SN, #2225 MMPs 5 TIMPs 25 2k
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TR ol 240 0 0 IR B 5 o R A e 1 T A D %, 45
TR SN M AP I T R 2

A WFFE S Bl PR i O LA S TGF-B,
GRML ) WL TGF-, 76 ECM 1B 41 if &
LR AL S0 B8 AR S A, @t I T Bz (R 5
DT AL N DNA G, 39 & Ff ECM 547,
AR T 2 K MA%E s, A 58 & B TGF-B,
A STV T S0 Py A ) PAL-1 1 43 0, 410 ]
ZF VS T D 0TS TR M) MMP 35, 2 30 ECM [ sl
AR ORI R R 12 SR I B AR K B2
.00 TGF-8, BB £, $#2/R TGF-B, 7E.0 L4 Z
Hh b 3 2 T OB R R RO LIRS S 55 4 22 1
HZ—. TGF-B, Al it CTGF {1 ik 42 175 3 Ik
JEA B, H 3 ECM & G, 1 CTGE I 4 5 £F 4 Ak 1Y
S B BLARAE AL IR A R E— P 9E . Way
s B g e BE, STZ 5 T (9 5 FR O /D B0 LA
CTGF mRNARZIA & 2 1E 5 4 RZL 3 i 2. 4 £%,
Cheng 25"V RIFSE 42 B, 4 DR 6 K R LR i CTGR
FER R AR IR, -2 5 T DI 4efbilb e
AT R BEPR K B E 0 2.0 JILCTGF 5 TGF-,
FERL WA, R O WL 5 CTGF i i
FIAA K, CTGF 5 TGF-B, 25 1 WK L JILET 4
by & . H TGF-B, K& CTGF {) L i, o] 5 iy
MMP2, TIMP-2 35, fie {6 200 i 4/ o Jsc Jt Rk fide 2 40
il , B M SRR P B R IO AR X 3 2

B 2% - 145 % 5K & £ 5t (renin-angiotensin system,
RAS) () & B #4006, 1 % 7K % 1T (angiotensin I,
AngIl) /9 5 8 15 5 88 IR 0 .0 WL % U0 A
Fel1OS AR IR ST 45 R R, 12 JE I R
TR EVO L Ang IR TF 5™ 5 A S280 % BB R S
FEL WL TGF-B, H1 CTGF 32 35 1, [ =2 3% 4% , 17
MMP-2 ik /b, TIMP-2 ik 2, S8UR R T Al
BRI REIE I, B BZ I, KEG L2 TGF-g,
F1 CTGF #3544 B 5 A6, MMP-2 A1 %  TIMP-2
YD, LG UL D T AR R T 7Y 5 o R AR, 4R
Ang II W] 3@ i B TGF-B,, CTCGF KK kS HHEIR
WD WIEF AL K 2 % S . BZ il it i /> Ang T JE
B, FE TGF-B, K CTGF ik, ¥4 MMP-2 %
K, DT JILIE i &5t W20 UL ) BT 2 44k
A RO O LA M A S T B A

ZE TR, BE R 0 LAl M Ah I R E A
TGF-B, & CTGF i B 3Rik 4 5, BZ il i Jdi /> Ang 1l
ITE B, ) TGF-B, Je CTGF ik /b, 7 1M 52 i
MMP-2 71 TIMP-2 35 P , 417 4% i o O JUL 28 i 411 35
JEER
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Effects of benazepril on expression of matrix metalloproteinase
and transforming growth factors in myocardial extracellular
matrix remodeling of diabetic rats

FU Li-juan' , WANG Hong-xin' , BAO Cui-fen®, SUI Hai-juan'
(1. Department of Pharmacology, 2. Center of Scientific Experiments, Liaoning Medical University ,
Jinzhou 121001, China)

Abstract; OBJECTIVE To study the mechanism of benazepril( BZ) on myocardial extracel-
lular matrix remodeling of diabetic rats. METHODS Diabetic animal models were induced by in-
jecting streptozotocin into Spraque-Dawley rats. BZ 10 mg-kg ™' was ip given to rats in BZ group,
once daily, for 12 weeks. The left ventricular myocardium was observed with the light microscope
and electronmicroscope. Heart mass indexes were detected. Collagen type | and type [l , matrix
metalloproteinases (MMP-2) , tissue inhibitor of metalloproteinases ( TIMP-2) , transforming growth
factor-B, (TGF-B,) and connective tissue growth factor (CTGF) were detected by Western blotting.
RESULTS Compared with normal control group, the heart mass indexes and the expression of
collagen type | and typelll were higher in diabetes group (P <0.05). TIMP-2 protein in diabetes
group were significantly higher while the expression of MMP-2 was significantly lower( P <0.01).
The expression of TGF-B, and CTGF was obviously strengthened (P <0.05). Myocardial interstitial
fibrosis occurred in diabetic rats. After benazepril was used for 12 weeks, compared with diabetes
group, the heart mass indexes obviously decreased from (4.13 +0.18)mg-g ™' to (3.42 +0.13)
mg-g~'. The expression of collagen type I and type Il was lower (P <0.05). The expression of
MMP-2 increased, the expression TIMP-2 decreased( P <0.05), and the expression of TGF-B, and
CTGF was degraded significantly (P < 0. 05). Myocardial interstitial fibrosis was also lessened.
Compared with normal control group, MMP-2 expression decreased, but the expression of TIMP-2
and CTGF still increased in BZ group. CONCLUSION BZ could inhibit the myocardial interstitial
fibrosis of diabetic rats, improve myocardial extracellular matrix remodeling by inhibiting of TGF-@,
and CTGF expression and upregulating MMP-2 expression.

Key words: benazepril; diabetes; extracellular matrix remodeling; matrix metalloproteinase ;
transforming growth factor-3,
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