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AVE(0991 Attenuates Ventricular Remodeling and Protects Cardiac Function in Rats

After Myocardial Infarction
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[ABSTRACT] Aim  To investigate the beneficial effects of nonpeptide angiotensin~(1-7) [Ang—(1-) ] analogue
AVE0991 on ventricular remodeling and cardiac dysfunction in rats induced by myocardial infarction (MI) . Methods
Forty male Sprague-Dawley rats were randomly divided into sham operation group, control group, AVE0991 group and
AVE0991 + A-779 group.  MI was induced by left coronary artery ligation.  After 4 weeks of treatment, transthoracic
echocardiography (TTE) was used to evaluate cardiac function.  The left ventricle wet weight was recorded, normalized

for body weight.  Left ventricle serial sections were dyed with Masson or hematoxylin-eosin (HE) stain to quantify the
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infarct size and diameter measurement of cardiomyocytes. Results Four weeks after MI, rats with MI demonstrated sig—
nificantly increase in the left ventricular end-diastolic (LVDd) and end-systolic dimension (LLVDs) and decrease in interven—
tricular septum end-systolic (IVSs) and end-diastolic thickness (TVSd) , left ventricular fractional shorting (LVFS) and left
ventricular ejection fraction (LVEF). AVE0991 treatment attenuated the decrease in LVFS (25.5 % + 7.3 % vs
18.4 % + 3.3 %, P<0.05) and LVEF (44.8% =+ 7.6% vs32.7% + 6.5 % , P <0.05) compared to control group.
AVE0991 also reduced MI-induced hypertrophy as quantified by myocyte diameter measurements (vs control group, 17.6
+ 2.4 pmvs22.9+ 3.9 um, P< 0.05). In addition, left ventricular mass index (LVMI) (2.54 + 0.25vs2.93 +
0.34, P<0.01) and infarct size (42.6 % + 3.6 % vs50.9 % + 4.4 %, P <0.01) were slightly reduced in AVE0991
[D-Ala7] Ang—(17) (AF79) ,

Conclusion AVE0991 could attenuate ventricular

group compared to control group.  In addition, the specific antagonist for Ang—(1) ,
showed a tendency to diminish the protective effects of AVE0991.

remodeling and improve cardiac function induced by acute myocardial infarction in rats, its effects may play a role through the
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specific Mas receptor for Ang—(1-7) .

& %3k & (19) [angiotensin<17), Ang—
(19) ] 2" =0 % X 7Kk & & 4t (renin-angiotensin
system, RAS) # 3 ZEHU5 K 1 1f & 7k & 11 (angio-
tensin I, Ang II) A PN JREMEFE HLIE 7, B Ui AE .
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(19) Bt R B 1 0 5 1 o0 1L 75 CR 47 A FH R i 52 3
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FEATAEEE ; (2) BERIAL, 3 T 5 R B K 45 4L, R B
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EMR B K 45 4L RS £ K DL AVE0991 1 mg/kg™ ¥
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6], JE4R A1 910 8k 7 1) S 7 2o O Bl W i )
b B A KB OR N 4% (LVDd) Fl ik 45 K N 42
(LVDs) , W48 #1 A K &F 5K 1 K = (7] b J5 B (IVSs,
IVSd) , 7 i =5 5 BE WS 46 31 B 7k R )R 2 (PWs,
PWd) , /&0 35 45 48 73 $ (LVES) A A2 0 55 5 1 73 %
(LVEF) 2%,
1.4 FOERERENE

SERCLDIRE I E J5 & #R ikiE N 10% KCI & 5
W2 ~3 mL, {0 T & sk B R A5 b Bk . BT
FF AR fes » B GO0 B B T UK AE B LK AR, R TS VR
FE BB BY 240 %, IRAUVR T 5 H BT RSP AREUE
OE(BEENRE) E8, IFS5EEAR, HEALL
= =82 (left ventricular mass index, LVMI) (mg/
) .
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AR FFFETT, A R DLRA BB I, 25 FEAE T R A A
O 1 RATRESE T B OB R E. &R E
Gt BRI & AR B H 23 58 R TFARH 10 J .
HERIZH 8 L AVE0991 41 9 H F1 AVE0991 + AF79
718 H,

2.1 AVEO0991 X 0ok 4544 S T e () 2

S5RFARHALE 0 UFESE K B LVDs #1 LVDd
$17t v B ZH CAVE0991 ZHF1 AVE0991 + A779 41
ZHESLEEE. BHAKXRIEBREFAA
] ZA5 7 (P < 0.05) , AVE0991 4 2 (] b )5 1 e AR
FARH MM H B, HH4l a2 R LR EMH. PW
fAAMER TR EMSE. OUEB 5 KR LVES,
LVEF ¥J[4#{%, AVE0991 H 5B F ARA L, Lidt
PR e 22 F A B (P < 0.05) ,{H LVFS,
LVEF T [& i B 0 B AR F B4 (P < 0.05)
AVEQ0991 + AF79 #1 K i LVFS I LVEF 5 #i A4
Ehi, =57 B E M (£ 1, Tablel) .

Table 1. Effects of AVE(991 on cardiac structure and function 4 weeks after myocardial infarction

Ei=R 7 BFEARA PRI AVE0991 4H AVE0991 + A979 41
LVDd (mm) 6.83 + 1.08" 8.72 = 0.87" 8.70 = 1.07" 8.57 = 0.82"
LVDs (mm) 4.35 + 0.68° 7.14 = 0.94" 6.53 = 1.26" 6.91 = 0.61"
IVSd (mm) 1.31 % 0.23° 0.94 = 0.13" 1.23 = 0.21° 0.91 = 0.25"
IVSs (mm) 1.99 + 0.34" 1.32 + 0.15" 1.83 + 0.46° 1.44 + 0.23"
PWd (mm) 1.24 + 0.31 1.22 + 0.16 1.16 = 0.25 1.25 + 0.20
PWs (mm) 2.05 + 0.67 2.00 = 0.31 1.84 = 0.47 1.63 + 0.23
LVEF 76.1% =+ 4.6%" 32.7% + 6.5%" 4.8% + 7.6%™ 34.5% + 4.8%"
LVFS 36.6% + 3.5%" 18.4% + 3.3%" 25.5% + 7.3%" 19.3% + 2.6%"

ay P<0.05 5HBALLLED N P < 0.05, 5T ARELE,

2.2 AVE0991 X 72 0o 2 i &8 B AE S AR I 521

O WUAS BT 5 K B LVBW. LVMI #4 B 5 1% =,
{H AVE0991 3697 J5 18 0 WLAE 8 K B LVBW. LVMI
ORI W] T B T AVE099L & A779 TRIT X

RE 2> AR K RO UREAE /5 LVBW #1 LVMILL {H &5
B bR A B E M. R, AVE0991 41 54
B2 £ SV T R b, A R R BE T AVE0991 B &
AT79 GIT IO LA BE K BR 5 455 28 20 AH EL, A8 BT 1
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RER TR E M (82, Table2)

2. AVE0991 A CEREREFR EmIAIE2 0

Table 2. Effects of AVE(0991 on left ventricle hypertrophy and infarct size

e n A (g) Lty E (mg) LVMI (mg/g) FESETE AR (%)

RFERA 10 261 = 7 633 + 50° 2.43 x 0.22° -

BRI 28 8 269 + 7 788 + 83 2.93 + 0.34 50.9% +4.4%

AVE0991 41 9 264 =+ 8 670 + 48° 2.54 + 0.25° 42.6% + 3.6%"
AVE0991 + A779 41 8 260 + 8 725 + 46 2.78 +0. 25" 48.7% = 4.0%

ayP< 0.0, by P<0.05, 5HIAAH .

2.3 AVE0991 3¢ KER /O ALAESE 5 IEHESE X DAL 4R
FEZAE M

PRI A0 KRR AEAEZE X 1O HL40 B BAR BR F AR
ARk (P < 0.01), AVE099L 477 4 F, 5

B 1. XRWOAERE 4 B CEFEEOIETEAET H HE REEROAMMAEMER (40 x)

#Z, C N AVE0991 4, D 4 AVE0991 + AT779 4 KR -

C

YL P BRI T O R AEREE X 0 LA B 1 BLAR
(P < 0.05), 1 MbAE FH 4 A979 5¢ 4 BH thr (5 455 78
HELE, P> 0.05; 1 F1% 3, Figure 1 and Table
3) 5

D

A TR, B 9t

Figure 1. Quantitative analysis of diameter of spared myocytes in the left ventricle after MI and 4 weeks of treatment (o—

riginal magnification 40 x )

& 3. AVEO REOCIEREIEEREX DA MAMEER
gEA )
Table 3. Effects of AVE0991 on myocardial diameter of

spared myocytes in the left ventricle after MI in rats

5 A n 4 E A (pum)
RFERA 10 13.4 + 3.0
TR 22.1 + 3.9
AVE0991 41 9 17.6 + 2.4"
AVE0991 + A779 4 8 20.8 + 3.7

a y P<0.01, SEFRALE:b N P<0.05, SHEAAHLK.
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O UEEBE S5 1 B 11— 2R 5098 2 A2 3 ARk, i
FEFBAL FYE JRAS & O JUL 4 D B JE 0 L8] J5R £ Ak
LR —AFENERE, BRE&FEL I REREAL B
OERE R T M R4 MR Sk
S, RASTEIX — Bt I NE EE A M. JLH
EOERE AR Ang I, 85 M1 & K7k & 2k 5
FEC O ULYT B 2B K o BT i 4 Pl 3 B L g A ER A R
ENEERUURES, SECT O LB KO JILET 4 38 5
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EOERBRRE T FEEH.

UEAE KB 72 B, Ang—(19) & RAS 1 R HH
W Ang I IR LA 7. BB C
ZAESE, Ang—(17) REBH B8 K RO W SE )G O =
298, e 0o Thae ™ 3] Ang I BT SO WL
M fE R ™ R AR L g 5 ™ . AVE099L S i
A R AL AR Ang—(17) JERESRAUY, 76 55 44
S, Ferreira 285 % BL45 T 45 4L 22 R 30 B i
Wistar X f AVE0991, §g B & ek 2 0 LB AE T B0
W R TR A OENEHAN LS T BEEERMLO
YRG5 P58 490 i 451 4T T B0 00 o A 4 1
Benter 2% ol W5 & B, AVEO991 HE B & 388 in ke 1. 7
FEE O WE Y 72 0 U SR S AR B A L - I 4E 1
BFge " 2 B AVE0991 A8 R B IR 4 Ang I %510
O AR K, H 2 F EARK B TEERSLEH, Fer-
reira 25 " L4418 AVE099] AEURE 2 E IR E
755 0O LA B RE R AT SR B, IR O S EH S
B TR 2 v B N IERK B THS T MR
Ebermann 25 ™ 451 AVE0991 ELA {7474 &% K
A O EIWYE RERIMEH . {2 AVE0991 X 75 44 K
RN A SR - N w = 4= R 5 =1 B N R E 4 |
& .

FEA B 78 7 L LVDs Al LVDd. IVSs fil IVSd.
PWs 1 PWd Bt 72 0 B 450, s K/, DLEOE
HE LVMI KO0 E 42 o UUIE EFfE R, X
LR R MO HIE ) E B bR . AR, K
ROONUBIAEfE A2 D EBE AR AL EEELVML &
O LA AR B AR B = TR TR AR AL, T = ) B JE A
SARTRFARL, v B S PE LIRS 5 5 30T O BE
SHES, G5 T RAEEROERY KON
JEJE . @it 4 J& 1 AVE0991 ¥597 J5, AVE0991 R
{E R B kA2 T R BRSO LA B O =8 B 9 R KA
Fre 02 B & K& LVMI [ 389 50, 1 B3O 48 A% 0 L
2 B LA 1 o B A AR G 0t 52 B B B i f R 3xX
W AVE0991 BA ML Ang—(17) —FE I K R
SO G OEBBWEH. BAENHARCE
KW, DUEREG Ang I fEO=EREPPREEEH,
T AS R A 4H 3 4F 1R 0F 903K B AVE0991 7 4 ffa 7K ~F
L EBEDT Ang T A9 Z00 AL B JEAE A, X 5 A
HF 72 45 A — 20 HHLHI AT A8 5 T I8 TGF3/Smad2
B FREE RN,

SR AHF 985K &7~ AVE0991 X oK B&L O LA AE
J& LVDs 1 LVDd Ft & 30l 46 A BEZC O =R 9
5K T BH 2 e 3 S SCHLE R AT IR AR YT, % & AT
BEAT LATR JLJ T 5 D COW 8% (1 Bsf ) 5 4, AVE0991

X0 2 P TR I B R BR AR 4F AR B QFE A &
/N, PR B TR 22 57 R BE AT 2] BTE 1200 LA BT AR Y
o O U BRI AR ER, O R A 3 7k A AT
@OAVE0991 .0 ik 2 ¥4 (1) 52 M ] B 32 2238 i 52
O JFE (R AOUE 225 440 » Qo LA L %) IS T 9 0 o U IR
JETAR < 20 o 26 5 1A T 55 5 AT 503 4o T 1
RE : AVE0991 W] G A7 7E 77 & WA 1, H w7 A FH 711
2. @4, ETREAENE FiRE. UL
4 TR K AT R 9 AR A FC B AN R Ak, BT E— 2B AT
PN A

[F] ], 7E AR B 72 1 3% BX LVES F LVEF 4 J Bt
Fr0 2L D e I 48 bR 782 O JUURE B8 K BR A, LVES
N LVEF BA8F AL (RIEA OYUESE) 2T
YR SO UL S MR B E R AU S BT
i e P i == U TRV /i ) = 2R :: U
AVE0991 FJy4797, LVFS #1 LVEF #{5 F A 41 E1K,
R R AL AH T 5 15 2 BE B K 4 = » 6B AVE0991
A B R AR O B0 LR BT J5 ) A O SR T e IX
I He 5 AVE0991 4% 0 WLAE &, $i .0 = B 28, M
S O EWAE TR Ko X EREAEKXT Ang-
(19) Be 8 R O UUEEZE I8 3 B kB %« Ang 1T
295 SO UL E 0 = B RO T RE B FUAH
#ﬁz [6,8,14] .

R FIE K, FIET 45 F Ang—(19) $E R %
& Mas FI35E 507 A779 AT LR BL . AVE0991 5
OER RS E R, BB AVE0991 5 Ang—(1) —F¢,
FOXT 0 WUREBE J o0 JUE 1 A ) A F 2 Jd it Ang—(1-
7) B S SZAK Mas EAE .

B2 AVE099L £y Ang—(17) HIAEIK 2804 »
TE AT 50 b R BLAE $ 1) O U B J5 0 =5 S 3, R
O EE S Ang—(19) KU AP #EH,
AT REANIG PR B ¥6 S O USRS O = E R AR 1
wAR, BAAT R BB A5 FE 2 0 i AR R
F BALHE LS B IR AR
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