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PP S Ay AT RhoA/ROCK A5 'Sl ki Pk O )y et
LS RIS *
ZmH NNEBE O ANZ K OF REK
CHAEE R R BEL BB 318 % A $30063)

BE B 540 A e i 407 xR ks %55 (CHF ) 3 48 8 RhoA/ROCK 125 8 %449 iR 42 A BT O EE MM Hrazt e,
EiH 45 2 SD R AMAS R 3 A: FOU(TAAE LK) BAA(T AT EFWAZH 5 & CHF X RABER ) A6 77 40(F A
CHF kX & 60 mg/kg iy B ey im# § 4 A), #4415 %, WK I BMRKRACESH s %k (LVEF), ASEAKRBAZ
(LVEDD). £ I8 & & B (IVST) | £ 8 MR & 48 H(LVMI) 50 B 25 4 F8 A7 oA B o 32 N K 3% Jisi 44 Bk A7 4 (NT-proBNP) | & i 4
J& % G B 9(MMP-9) ¥ 5Uest 4 & 3(Gal-3)/K-F, tbik 3 28 K RS UL B F A RS PUIR R ITARAR L , Hbik 3 20 K RS pLgd
2% RhoA % ROCK mRNA AR E G Rk KT Z2F, R TGHA KK LVEF &5, A6 F MK THEAM(P0.05); T aH KR
LVEDD.IVST.LVMI 54K, B34 75 200> FAEA 40 (P<0.05), & @28k & NT-proBNP MMP-9 % Gal-3 % %, Bi477 Ak FHA 4
(P<0.05) AEAL 205 WLtm RL¥E K, HE 5] F 4L, S IR R LA R F K T8 97 40,2 § 4K K RhoA & Rock mRNA % & & K-F Ak, B
& I AR T AR 40 (P<0.05), AL 28 % 34 77 28 K 5, RhoA % Rock mRNA VA& % & 65 %i5 5 LVEDD. IVST .LVMI NT-proBNP,
MMP-9 % Gal-3 2 E48#,5 LVEF 2 fi 48% (P<0.05), 451890 & & o 413 1238 i3 $e.d) 71 9842 RhoA/ROCK 45 % i@ ¥ % CHF
SEETMAEE,

S4B e ol 47032 ;RhoA/ROCK 55 i34 13 1 A 238, S EEH
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Effect of Sacubitril/Valsartan on RhoA-ROCK Signaling Pathway to

Ventricular Remodeling in Rats with Chronic Heart Failure*
LIANG Li-yan, LIU Chao-qun, ZHONG Xiao-lan”, YU Qin, LIU Shun-min

(Cardiovascular Department of the Second Affiliated Hospital of Xinjiang Medical University, Urumgqi, Xinjiang, 830063, China)

ABSTRACT Objective: To analyze the regulation of sacubitril/valsartan to the RhoA-ROCK signaling pathway in rat with chronic
heart failure (CHF), and the effect of ventricular remodeling. Methods: A total of 45 SD rats were divided into 3 groups randomly, which
were control group (injected normal saline), model group (made CHF rat model by peritoneal injection with Adriamycin) and therapy
group (intragastric administration sacubitril/valsartan with 60 mg/kg 4 weeks to CHF rats). Each group had 15 rats. The cardiac function
indexes of left ventricular ejection fraction (LVEF), left ventricular end diastolic diameter (LVEDD), interventricular septal thickness
(IVST), left ventricular mass index (LVMI) and the plasma levels of N-terminal pro-brain natriuretic peptide (NT-proBNP), matrix metal-
loproteinase-9 (MMP-9), Galectin-3 (Gal-3) were compared among 3 groups. The cardiac histomorphology indexes and degree of my-
ocardial collagen deposition were detected and compared among 3 groups. The expression levels of RhoA and ROCK in myocardial tis-
sue were compared among 3 groups. Results: The LVEF of rats in control group were highest, and the LVEF of rats in therapy group
were higher than in model group (P<0.05). The levels of LVEDD, IVST, LVMI in control group were lowest, and the levels of LVEDD,
IVST, LVMI in therapy group were lower than model group (P<0.05). The plasma levels of NT-proBNP, MMP-9, Gal-3 in control group
were highest, and the levels of NT-proBNP, MMP-9, Gal-3 in therapy group were higher than model group (P<0.05). The enlarged car-
diac cell and disorderly arrangement in model group were observed, and the degrees of myocardial collagen deposition in model group
were larger than therapy group. The expression levels of RhoA and ROCK of myocardial tissue were different among 3 groups, which the
indexes in control group were the lowest, and the therapy group was the second lowest, and the model group was the highest (P<0.05).
The positive relationship of the expression levels of RhoA and ROCK to the levels of LVEDD, IVST, LVMIL, NT-proBNP, MMP-9 and
Gal-3 were confirmed (P<0.05), and the negative relationship to LVEF was also confirmed (P<0.05). Conclusion: Sacubitril/valsartan has
significant negative effect on the ventricular remodeling by the RhoA-ROCK signaling pathway in CHF.
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1840 7 553 (chronic heart failure, CHF ) 245 Fi0s ML & 95
9 I B 2 B L IR Ge i o, B N0 D0 80 R %l 0.9%,
B B R N RFFAR B Ot e ) 2 S fge e (] A, BRI
SR CHF F2 32455 BESL A2 0o 25 JL2H B A [a] S5 1 95 B AR A6 S 80
OSSR L K Ty R HH B ) B F A, B0 %8 E 4 (ventricular
remodeling, VR), J“H# 520 CHF S5, PR sl
VR ZIRYTEE CHF B TlfE 10 F B, TR, Vi
SYSIANE AT CHF BURZh, BefsA T wUmE ks LR B
R IMEREKERG, X VR B — & BBt M H 7L, (H2
FLARAE AL A 58 2 AHE, RhoA-ROCK {5544 5 £
BEAIE S AE CHF 2 v B EZ A= VE A, CHF & RN
RhoA L Kz ROCK mRNA A 7K - W1 g ™, PRl v 42
L4 i 250 70 3H P i3l 2 T Fi RhoA-ROCK {555 338 s % CHF
) VR #4705, A IASHIFST i@ i 44 @ CHF R BB A TR
W, LA o0 e L i A D ST O3 R 0 28 EE AR T R LA
Sr Tl

1 pERAN R i%

1.1 L5

EFE 8 JAiE SD K 45 K, SPF 2%, Mk, /4 (280+ 20)g,
B BAOKARYE A, TFR— S AT 5586, LR ib &4
TR BR S IG B A F R SC AN BRI T, AN B9 i R R
B BE AR B B o AR MR A
1.2 EFELAFI RS

VOPE D MATPIE A (RS 44 - VAR, W) ) B L AR 25
FRANE], ARG - B 50 mg) , i[85 25 (W [ 32 [ Sigma /A H] ), an-
tiRhoA —3/i .antiROCK —¥ (4 [ 3¢ [E Santa Cruz AN H] ). /Nsh
YO IFRE R {L (VeVO 3100 Imaging System ) , 518 & i (%15
DMI1, Leica),N 2K 3 ki 4% Ik B {4 (N-terminal pro-brain natri-
uretic peptide, NT-proBNP) | & Jifi 4 J& 25 11 i 9 (matrix metallo-
proteinase-9, MMP-9) . L F| B EEHE K 3 (Galectin-3, Gal-3)
ELISA Kz €0 F S8 B A anBHEE A PR B, B bs A3 (78
+5:F50, 114 H %1 TECAN /Aw]), 951 8 45 (#15 TCS SP2,
W F 3£ 15 Leica 23] ).
1.3 HEARBE

IRIEFAALECFE R B 45 K SD RERBEHL R 3 41, 20
15 Ho (CUBEHAILR U I TE AT 0.8 mg/mL ¢ B2 Y ) 55 28 1
(2)25 2 BRI s T S A 3R K 5 (B3)TRYT ALK AR A R 21 1
15 i Ty 2k iy 137 PL 60 mg/kg ) & AR HE B VD R Bl 45 v 1R
HEH. SABHE 1R, BRIEEE S bR 5 mLkg, #E &8
1 mL/100 g, J&GY7 41T LAV PR IS 4 Vb3 R 2 Fn2s 1 2415 DA
AR, Hh2n2h 8 A,
L4 DEBESEERN

3 RBAG ARG, T LA R @ ki, By
2 REUMEMKI & b, 7 DL e EA T4 B RRINE O JIE A 75 R
SR H/NBlY S12 PSRRI E 6-12 MHz, $43k J)50 5
) R BRSO A2 Sh e I, DN 2 o0 5 439 1 05K
(L left ventricular ejection fraction, VEF), Z&.0>ZE AT kAR AN 12

(left ventricular end diastolic diameter, LVEDD) . % [a] % 8 &
(interventricular septal thickness,IVST), 7.0 % .0 LS = 45 40
(left ventricular mass index, LVMDZ5.0 45636 F5 , B H R R
TEEE 3 A0SR T FaR AR, 5 R 3 B R
BIE

1.5 Im3% 4 s kRt il

3 R B R B A AT J B T Js I e JDk ot R T IBG
YEER BT Ao TN, 7 AR e T A5 BSR4 , DU v Bk
IfA7A NT-proBNP . MMP-9 I Gal-3 /K.

1.6 EHER LI

WAL FE R BR, S8 3B O E , T LA UKER K e I 2B o0
WAL B i 4, YEBG o> 25 O B OV BUWE bR A, T 4% 25
FHE R . 4% IR L (V2R O bR AT L) HE ZL 8 W% 3
AR OECINALTER L BB BT DL Mas-
son Jefty, WEEIF P 220 2 O WL 2 1R) S5 A I DR 4 2L AR LA
KAEF DL
1.7 1B AL RhoA-ROCK 15518 B#&i

FR BB LD FEHLBARMARAEG, BT -80Crk
HMIRER K, H T RT-PCR J Western blot £ ill] RhoA }
ROCK mRNA L) J 2 1357k
1.7.1 RT-PCR #&#ll mRNA 7k F  REOIEHLUTIRA K G
4°C 3£ 12000 rpm 2.0 10 min, Jin 0.2 mL 44455 5 i 5 min
JE TR 12000 rpm 5.0 10 min, 12 REER 2 4 EP
S EA R R RR S, 8 T % IR 30 min, FRRAE
4°C7F 12000 rpm &3 #0024 8 min, BUR 2 WTIER , ¥ )5
FH 75% CBEA GRS 3 IR, AR RNA MR EERATREE . ]
qRT-PCR A0 % JJLAH ML 7 RhoA J ROCK f#) mRNA A%f
FIRAKT . MR 5608 & (W A H A TaKaRa 23 6B 45
BORMBAEL TR RAE , T LLHAR RNA W05 56U Y eD-
NA, WFFEHT T BARS IF 91, WSk 3- BERR H IHEE it
AN (GAPDH),

RhoA : (F) 5'-ACCAGTTCCCAGAGGTGTATG-3',

(R) 5'-TTGGGACAGAAGTGCTTGACTTC-3';

ROCK: (F) 5'-CTGCGGGTACGAAGGTATCG-3',

(R) 5'-AGCATCCAATCCATCCAGCA-3';

GAPDH: (F) 5'-CGTTAAGGCCGCTAGACCCGGGA-3',

(R) 5'-GCGGCCTTAAAGTACGTACA-3',

AR RN R R R AR R 10 pL, & Ar A R
RNAase-free H,O 3.0 wL, 5% W42 il 4.0 wL, ZHEDHE 57
A 1.0 L, RS 19045 1.0 wlo SN &0 78 37CF 15 ming
1E 85°CF 55,4 CIR-AER

I ] SYBR Green %5 125 5E 46 I 73 7 H 5 RhoA J¢
ROCK ZEE mRNA FHX /K, SniA) H3AR 2 LEARFA 25 pL,
KA I> N Taq G 1.0 wL, HAR RhoA J ROCK %A
5149435 3 wL,cDNA 2 pL, e b 447 :94°CAEME: 120'5,60°C
iRk 40 s, 72°CHEA 300 s, 314 40 MEHA, T LA 72°C & fif
5 min, Z N . B 2 T AR B AR RhoA K2 ROCK
LA 9 mRNA 7K ARXE &

1.7.2 Western blot #E HKE 3 41K KO HLATAE N FH 40
BB AR T Y B o ASBASE LA B-actin Bl
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P2, 0 WLZ M A7 R B 1 LA B B-actin 2R 1 23 I REE 30 g
AL (1) L 10% + = e He B W2 0 - 3R V3 s Bk B B
(SDS-PAGE)Hy 73 B 1 , il 30 il 48 4 J 0 JUL A0 284t i 6L 2
FIATRLIK SN B, AT, i R 3] 120 ming (2)43 514t
K 5 RhoA (i 4 1:1500), ROCK (i £ >4 1:500)8F B-actin —
PUME R IR SIG R ACABE T i . —PL, B PBS Pk 3
Ko (3)INBARS AW B IC I bt K R 1eG ZHi Gl 1
500), 7EE R FAESEFE 120 min, T PBS IR TES 2-3 X,
FRZ) 5 min, (4)IIA ECLRFIHEAT R 5 , w3 s
RhoA . ROCK # 1 4571 AT B, DA i+ 5545 5] RhoA |
ROCK % H 5 B-actin 25 H K AT H AR .

1.8 GEitEaHh

J5i FH SPSS 20.0 KA THE TR, TR R L o SD 3
7,3 AR HR LSRR IR ANOVA K555, 21 8] L BCREL LSD-t Ky
55 o THECTORER BRI B (Y0 e , FE b ia] FL N o2 R 6 o J FH
Pearson E{ 28 AHIC AT AL B ZH M6y 7 41 K B RhoA 2 Rock
FIRIKOP 5O EFIBIAR AR . P<0.05 /R ZFA 41T

2 HR

2.1 iELGEHIIEIREI LB

ZHAKE LVEF fieim, HIBTA K TR (P<0.05);
25 (141K B LVEDD IVST LVMI A%,  HIATF4I/N PRIz
(P<0.05), (£ 1),

1 3 AXRROELMIBRNLER (0=15)

Table 1 Comparison of the ventricular structure indexes among 3 groups (n=15)

Groups LVEF(%) LVEDD(mm) IVST(mm) LVMI(g/m?)
Control 86.42+ 2.01 5.24% 0.31 1.45% 0.12 85.35+ 9.21
Model 65.25+ 3.22% 6.02+ 0.26* 1.98+ 0.18* 137.92% 16.21%*
Therapy 71.48% 2.56% 5.71x 0.35% 1.67+ 0.21% 109.45+ 12.36**
F 6.438 6.257 6.024 6.985
P 0.002 0.015 0.032 <0.001

Note: *P<<0.05, compared with control group. *P<<0.05, compared with model group.

22 DEEBENIEIRIEEE:
23 4 BUM 3% NT-proBNP MMP-9 % Gal-3 /K 555,

B AT K RS NT-proBNP MMP-9 % Gal-3 /K -1 kK T
RERIZH (P<0.05). (% 2).

®2 3 AXROEEEENIERH LB (0=15)

Table 2 Comparison of the ventricular structure biochemistry indexes among 3 groups (n=15)

Groups NT-proBNP(ng/L) MMP-9(ng/L) Gal-3(pg/L)
Control 1286.8+ 122.5 152.6% 22.3 8.5+ 1.2
Model 2757.2+ 213.9* 341.0% 36.2* 19.2+ 2.3*
Therapy 1872.4% 224.6** 219.2+ 27.6% 13.7+ 2.6*
F 9.236 8.984 10.122
P <0.001 <0.001 <0.001

Note: *P<<0.05, compared with control group. *P<<0.05, compared with model group.

23 ILIARRETRLEE

HE YL 0 B 7R 28 (LR RO AN IR S5 523, R Lk |
FET DA ZUR LR SRS B 5, 8 S0 W, 40 J IA] J5
KRR . ALK RO JOK M, R E &
PERIR A SEIRTE , O WU LRGSR ZE L, A A [l 2 B 1 ) BT 7K
Jilr, A At fe) SR A FE A MR AN o A7 ALK RO 25 AR 58
22 0)A b m ge M AN IR, A (B 1),

Masson Yeft R . 25 20K B AN 0L kL M 2 1 [a)
FEAE VR TR AT 2 (B P 2R 2000) , HEF TR, T AR /N
TR A BRUE 240 ARk B 2 2 v o g i T A TR R S B RS K, HE
B S ZX L o 67T LK R A0 Rk B 4 4 e I e S T A

AR ZE i 2D, HEDI SR 255 (| 2)
2.4 RhoA-Rock 15 5B 4 FRIEKFHILLER
RT-PCR il @755, 3 21 K B0 & 4141 RhoA J¢ Rock mR-

NAJKPAFEZESR (P<0.05), Hzs 4RO E 414 RhoA
J Rock mRNA /K5 ik, HIGIT4 R RO =42 RhoA J
Rock mRNA 7K AR FALAIZH (P<0.05) (5% 3).

Western blot i {2 75 , 3 2H K FLO 3 412X RhoA % Rock
B HKARAE 2257 (P<0.05) , 45 (AL R B E 414 RhoA /K-
(0.26% 0.04) J% Rock 7KF-(0.39+ 0.08) /K A%, 157 4L0 2
ZH 21 RhoA 7K3F-(0.42+ 0.09) 2 Rock 7K3F(0.56+ 0.11)7K - H:
R, BRI 2 RhoA 7K F-(0.84% 0.14) J% Rock 7K F-(0.96% 0.17)
IRTd5 5 (P<0.05) (8] 3.4).
2.5 RhoA 5 Rock FRikKFE S5 EEBIERMMBXES

R Fo 36y 7 4H K B RhoA B2 Rock mRNA LA K 75 [ i3
3515 LVEDD .IVST .LVMI NT-proBNP MMP-9 } Gal-3 5 1F
HHC, 5 LVEF 27AHE(P<0.05)(£ 4),
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Control group

S o G 32 AN N R o
& 2 CHF KR/OALARRIEIL (Masson e, x 200)
Fig.2 The histopathological changes in cardiac tissues in rats with CHF (Masson, X 200)

%3 3 HKRROEHL RhoA 5 Rock mRNA ik FERItL B (n=15)
Table 3 Comparison of the mRNA levels of RhoA and Rock among 3 groups (n=15)

Groups RhoA mRNA Rock mRNA
Control 0.59+ 0.17 0.67+ 0.24
Model 1.64+ 0.20* 1.38+ 0.35*
Therapy 0.81+ 0.14* 0.84+ 0.29**
F 12.336 9.678
P <0.001 <0.001

Note: *P<<0.05, compared with control group. “P<<0.05, compared with model group.
*
1.2
‘P<0.05
1.0 4
*
0.8 P<<0.05
0.6 1
0.4 1
0.2 1
0.0 T T \

Control group Therapy group  Model group Control group  Therapy group Model group
3 3 HKRROEHL RhoA 5 Rock & BRIZKFH LB (n=15)

Fig.3 Comparison of the protein levels of RhoA and Rock among 3 groups (n=15)

1.0
‘P<0.05

0.9 T

0.8
0.7 %

0.6 ‘P<0.05
0.5
0.4
0.3
0.2
0.1
0.0

Relative protein expression of RhoA

Relative protein expression of Rock

3 ik N PR | 3R AR K K R A P A ARG I B P
L EEA O AR CHF KA & Ry B 2R 2 5 0
UTAEAR, B FE N AMIEFIX CHE B ALEIIR TR = d by e 2 D AR T A 2 3R (R AR A , A0 & 2
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RhoA

Rock

Control group  Therapy group
B 4 3 AXRROELHL RhoA 5 Rock B Western blot B (n=15)
Fig.4 Western blot of the protein levels of RhoA and Rock among 3

Model group

groups (n=15)

o3 NG00 AHML SRR T L K PN 43 WA R S 22 R R A
TER S BOL IR HTEAL R R R, BRI R, 2B L
Rk = E R CHE JRYT KRS | dee A i E2HRY7
JEIUT, SEARSRE , v 2R B A0 by R AL 0 i A |
FIMAE B RPN I R GE T A2 G I PRI FHY 7R A
R 05 ¥ B A 25 00, BRI ARATF S UE S04, 4 B iy
ARYPIHREXT CHF JRE 02 AL B 0 2 ks, Blest i
HOYIREL SRS RIMEH . ABFR 25 3R s, i DR
i1 45 7> 48 fiE 5 22 %Ik CHF & il NT-proBNP . MMP-9 % Gal-3
O FEEMEER , MIFSE T X — a5 o {HR VDR B il 45D 2R 1ot
A 538 AL o 2 ) A DRI PR > A A

% 4 RhoA 5 Rock RizKkF 5 OEFEBRIERIAXESH
Table 4 Relationship of the expression of RhoA and ROCK to the indexes of VR

Indexes LVEF LVEDD IVST LVMI NT-proBNP MMP-9 Gal-3
T -0.823 0.798 0.721 0.832 0.865 0.741 0.762

RhoA mRNA
P 0.017 0.023 0.033 0.016 0.010 0.030 0.028
r -0.726 0.736 0.711 0.799 0.837 0.652 0.706

Rock mRNA
P 0.032 0.031 0.034 0.023 0.015 0.045 0.035
r -0.855 0.812 0.843 0.712 0.824 0.684 0.659

RhoA protein
P 0.011 0.019 0.013 0.034 0.017 0.039 0.043
r -0.801 0.718 0.768 0.699 0.795 0.724 0.688

Rock protein
P 0.022 0.033 0.028 0.036 0.024 0.032 0.038

RhoA-Rock {551 #4240 ) P 0 221 A 2R AT 50 )
TIVERT, % JEAE 20 MO 7% | 2 B b 5 5 S50 JUL T g B A L
TR B BN Y, BETESC R s Rt TE R
TP T AR R UG LA 4L ROCK 35 3k K - 23 B35 1
I, W] RhoA-Rock {55 il B Jm 23 B0 WL T 1 0
Ja B AR R . BRAE AT TR S, 45 VD 45 BE 0% A A5
RhoA-Rock 5 53d j# , W] . 2l O I RE , I O S HE SR AR E , T
VPP L 6 RhoA-Rock {553 B FIBILA v A~ B 0 [ S MuF
FLUESEP), RhoA 5 FURZUH I R MAT IR R RGN T
ARG, CHE g i ™ 52, B, 0o JJL RhoA kK-
WU, $27% RhoA Rk FEHE 2 CHF %) fbid 5 ) 8 20
B BRATLAR o 1l ARCAIE 7S HEN RhoA-ROCK {5 il 41 T Y 2
TGN TS50 3 B R A R R BB, PR BRI
RhoA-Rock {5551t % A BE 23 N IR 7 0 38 5 R HT 19 4 RN
TiEEA,

NT-pro BNP J2 .0 % LRI M IR0, BEA R0 et DR
IR IR AR, Gal-3 AE oy — Rl itk B- IR 45 &
F, AR IEUESE 5 0 T ik b = E A I OE B9, i
MMP-9 H AT 30 JILIR] S o e 0 e S A~ il LA A
BB, i O LR BT e R E R DR = Fh A AL FR b 2 [
i 2 AR A RE S MRS AR Y, AR DF T 45 SR 7, AL 20 R UL
K= RFE bR , 25 L E S RIAARIESE CHF K Ly
FEAAT . 0T LI LS CHF R E R FER
R, X AR R RO = AR 2 0 G, B B A
DENHARRIL K EWAFERIESS , 167 4R AL

S R I 0 A T 3 14 JG D 2 Al Wt 250D, HES B 5

P2 mRNA DL FRIK AN Z 00T, 35 R KAl

F Y CHF KR WA 2L RhoA-Rock {5 53 i 73 1 &

A, MITER D B EL h 45 70 3H /5 RhoA-Rock {551 1 i

FERP ] X F VD L A A L0 & A VEH]

4 RhoA-Rock {5 5 il AT AT TR VARG, MBRAETSESS

SRAHEWT AR FBILT T B8 o 450D BT 7= A 1 20, [R] I ASAIF 53,

Xf RhoA Fl Rock Fik/K 150 5 HALHE S P48 bR b A7 2047

NS L3 BRI TR R B2 AR bR, SR G
Zi LRk, Y0 A M E R 6] 519 4% RhoA-Rock

{3553 B S0 CHE K LAY L 3 TR AKOF, i3 Ul o

RhoA-Rock {571 % £ 1) 455, W] HE A i PR S 4 Hi21f CHF

PAR s TS SRR i . R — P TEARBE S G5 Rt

FGHDFE EL i X RhoA-Rock {5 518 % & F5 A7 72 T AR

PARABAAEAE , MEARBLR AT 4 . FFHIRA ST RhoA-Rock

{5 T RS i B U 3T AL 2 S A 4 R0, 0 B E A

R R AR B AR TR
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