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WA K RS mzﬂgi%ﬁfzﬁﬁ #2480 K R B | E Bk 25 4 AL A Rho #8085 mRNA B H A & G 09 ik, KUg st
AR R AP HFF(0.1.1.10 mg/kg) FAMITH(n=9), AHEATRBAFAIRI R KR AT BE, FAEFELEY]
K8 JA UG A 8 K, M) A 40 K R E S IR M E A Rho B mRNA B LA B 6g kik, 2.5 MRt mEa ks 84 K 4
W4 R AFRJE Rho B mRNA Z 3 A B £k B30 (P<0.01), T AR AR BI04 AREE I, A & f JEAE A i3
B, HaBaks K, F 5 %%4&4&%%3:&1%%#}ﬂﬁi@iﬁ&xhom&mmzx&;@A%é%@ti@wiré4ﬁa<P<
0.05), B3 2R TARMIME . 46 FERMIT 7T 4818 13 Rho/Rho i BEAZ 5 18 F5- 47 4] 2 o R AL A K R 49 S B FH)

XH27 Rho/Rho B3 5 18 % ; Rho 3B ; K R 30k B T4 FRMT

Inhibitory Effects of Simvastatin on Cardiovascular Remodeling of Hypertensive Model Rats by Rho/Rho Ki-
nase Signal Pathway

ZHU Hong-ming, JIA Ling (Dept. of Pharmacy, The Second Hospital of Tianjin Medical University, Tianjin
300211, China)

ABSTRACT OBJECTIVE: To study the inhibitory effects of simvastatin on cardiovascular remodeling of hypertensive model rats
and its mechanism. METHODS: 60 rats were randomly divided into model group and negative control group. Hypertensive model
was established for rats continuously for 3 weeks in model group, the changes of blood pressure and aortic structure were detected
and mRNA and protein expression of RhoA were determined. And then model group were divided into simvastatin low-dose, medi-
um-dose and high-dose groups (0.1, 1, 10 mg/kg) (n=9); 9 rats in negative control group were included in control group. They
were given relevant medicine once a day, and 8 weeks later they were scarificed. The changes of aortic structure, mRNA and pro-
tein expression of RhoA were determined in 4 groups. RESULTS: Compared with negative control group, systolic blood pressure,
diastolic blood pressure, mRNA and protein expression of RhoA were increased significantly in model group (P<<0.01), and hyper-
tensive model was established successfully through aortic intimal hyperplasia and intimal thickness broadening. Compared with con-
trol group, aortic intimal hyperplasia, mRNA and protein expression of RhoA were decreased significantly in low-dose, medi-
um-dose and high-dose groups (P<<0.05), in dose-dependant manner. CONCLUSIONS: Simvastatin can inhibit the cardiovascular
remodeling of hypertensive rats by Rho/Rho kinase signal pathway.

KEY WORDS Rho/Rho kinase signal pathway; Rho kinase; Rats; Aortic; Vascular remodeling; Simvastatin
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YT B Ry A R AT 2259, I R % B
FE M ) T s Xot O I B A A — R T VR o AT 2 ety
1T A5l I/ FH T Rho/Rho 5 510 % & 4 4E L, SE B9
T AR T 5 AR R LS E ARV B AL
1 w8y
1.1 g8

E2010-PB f 1 H 7k & %t ( 3¢ [ Labnet 2% # ) ; Bioshine
GelX 1650 #1814 2 58 ( i BRI R 22 7)) s ML 125/R
NIBP o B 51X . Power Lab A= BEECHRIC 5+ 22 50 (A
WP AD Instruments Pty 2\ ] ) o
1.2 HR5EH

SEARATT R (BUIH BRYD AR 2528 7], 41645 - H19990366, #1L
¥ B 20 mg) 5 — S AL &S il ) 7] NG-Nitro-L-arginine
Methyl Ester (L-NAME , 5 [# Sigma /A ) , #t 5 : 257-113-5) ;
Trizol RNA 2B (3£ [E Gibco A H] 5 : 15596-026 , FILAS «
A 100 ml) 533054 SR G 2k TR TR (i) ey A BR 2
ALt 5 1 115902] ; JoE gl 4 Ak 2E Y o SABC a5 & (il 1
AR W) 2\ L3S0 000303) 5 1L BT R Bl Rho 8084 v b
PR () A D RH A BRA AL 4502010063, HLAK «
0.1 mg/ml]; H i /¥ -3- % % Mt LA (GAPDH) N 2 hit ik (5 [
Earthox /A & , L5 : E201010) ; %t Rho JEHLA P Cin& kK
Pllabs A7) ) o
1.3 zh#

AR E T 2% SD Kl A 60 L, @ & ARy, 44 i £ 200~230
g, W R B L s bR VP PTHIE S : SYXK2011-0008,

2 FHik
2.1 BEBERNEISIR
5 FRUBE HIL 3 A A0 20 R R X HE 2, 4 30 K. BRI

X HE 2 45 7 05 R MR 7 5 A A 2 BESCHR O Y ik K L
NAME ¥ T4 R K, 3516 6 mg/ (kg - d)HE 5 4525 1k, 15453
JE| ST I AR AR BE AL 3 KB, R A ML 125/R
NIBP Kk [l B M 32 {S il Power Lab A= FREUHE ic 55 22 45, i
KR A4 i (Systolic blood pressure , SBP) AT 5K [ ( Diastol-
ic blood pressure, DBP) , K B A5 78 2 7 AF 0, AR I IRIERAL BT 5 T
K1 em EhIKS , [ A e, SIPEA S Y A R &
SRS AL AR I, LA SRS 25 R O 2 PR RS- 347 1o AR o
JEE S e 3 B Ik VR R, BT A TR AR R, DU 3R WY 0 A 2
P 3 R AR 1 ED 305 (Western blot) 32460 Jk B 3 50 ik 4 1z
i it Rho 1% A 2 11 (RhoA) I FE 16 L
22 HEEHRH

H BRI 20 R A K FRUBERL A3 R AR L )4 (0.1.1.,10 mg/
kg) AR T4, R4 9 W, I e e i A T T4 R R 45 2551
S A T U B A AR B 5 5o BT B 2H K B
FREE LI 9 HAE AT BR AL . 4 240K SRUEE H VS AR 259 1
W, 8 JE G RIRAR B, 73 B —BE K 20 1T em B RSk |, [l L
G, A WD) I R AE TSR S 3l Ik BT LR 1L
&L, FEASI P BZ 4t Rho A mRNA K H R 1 FRIB1E DL .
23 FERER-BE84% X KK (RT-PCR) i # Ul Rho 3 &
mRNA f)R %

WA A5 2R BR B Dk P B A, B TR RNA, Ror I 4l 3 4
o (DH5 pl 5 RNA F ¥ 5l (M-MLV) 5 0% e 5% 7
Yy B4 B A% iR cDNA, L) GAPDH 4 N2, FI| il Primer
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BLAST #4511, Rho #4 iff_EUiF 514 4 5" -ACTATGATGT-
GCCTGAAAAAT-3', F i 5| ¥ 2 5'-CGTTTGATTTCTTC-
TAC-3', =¥ K /IN512 bp; GAPDH F #5144 5" -TGCCATG-
CACTGCCACTCA-3, T 5|4} 5" -CTGGCTTCACCACC-
TTCTTG-3" , F= 4 K /N 265 bp. (2) B 5 pl i %% 55 7= 4 PCR §~
34,94 CHIASYE 5 min, SRJEFE 95 CHIAEME: 1 min, 52 “CHHR
k455,72 CHFZEM 1 min, 32 PMEH, 772 CIEM 10 min, H
VKRGS B W= ) WA 14 77 ) 25ty 58 8 IR AT IR
i SR FHGE IR R R GEXT 3 4505 EA T 40 B, SRR W R ik it
FRATSE FSP-340 ¢ BE (A 2, AR IR (5 /GAPDH JK B {618
Rho #47iF mRNA B %2k 5

2.4  Western blot ;54 illl RhoA BIR %

FHWETRER 52 v (PBS TR ) (e 45 20 R BRL 3= 3l ik P Bz At it
20, A1 ml 2 P2, AE 4 °C .12 000%g BS.0» 15 min, WL HL
VET, S AL M R (BCA) IR IE BRI . L
30 pug A, A 15% BT e REm R dh- 28 7R s IR HCEE i HE
UK (SDS- PAGE ) BEE FhifFA T RO DK , 5 TR T 1 122 0 5 I VG s s 4
IRETK, AL 7 vh i L I B T PR AT YR |, IR 5% EAEWIH;
FPAWCEA 1 h, ATA 121000 (N ZHTA B 1L 247K B Rho 3
B TEREDTIAR, 4 CIFE 12 h, U SR IC A 121 000
Fi B 0 bt Rho S BT IA — L, FIRIFF 1 h, TBST iU pE
Ji A& R ECLR 5 . L) GAPDH A N2, Fi Kodak
digital siencelD 2.0 IR 11 %5 RhoA #EA T4 28 £ 53T
25 Gt

Fr A B R fx + s B ROR, I i1 43 Hr 39 4 SPSS
16.0 #4458 1%, Z2 21 6] FL R FH Oy 2550, 2 21 18] EL SR ¢
K. P<0.05 3R 225 BASIFE L,

3 #R
3.1 BEEFmENTET

ISP ek X R 2 A TR £ R R S A -3l Ry (65 +3)
(106 +3) mm Hg(1 mm Hg=133.32 Pa) , &7 5K [543 51y (48 +
3).(100+2) mm Hg. 15 BAMENT IEAT H# , BRI R RIS
e AN ET ik R34 B 4 T (P<<0.01)

32 BEEEIHMEEHTN

AR T AR AH K R S S Ik i A e BH B 1 e R A
NS A B S 1 A, RS EE R B 5 X IR A L, A
20K B T2 S o A P IR AR W S 3 i (P<<0.01) o 4L KR
Bk EEF AL AT R DL 1,

3.3 BEEGFREKXRRhoHME mRNA RiL1ER

ISP 4k Yo B 2R RS 76 2 K RS I B Sh ik P 52 4 i H Rho
B mRNA 253540914 (0.35 £ 0.04)x1077,(0.72 £ 0.05)x 10"
mol/L. 55 BAME XS BAAH A, A0 20 I B P B2 40 o Rho 84ty
mRNA Z50H B (P<0.01),

34 BEEZEARRhoA REFR

RhoA 2328 38 1 46 I HL R I IS ¢ Bk 2 Ak MY PTI(P-MY P-
T Kk SR o 5 BN B 2 H g, AR 20 KRR 32 Bl Dk 7 B2
41 it RhoA Y99k B 2 3075 (P<<0.01) . 4% 2H K il RhoA Hi ik
FEWLE 2,

35 RBGFEFHREHTN

ST LR, X BEAL ARG e et T 2 R B 323
Jhk A P R4 B S B 0 (P<<0.05) o 55 % R £ Hu A IR
e A At 7T 2 KRR 3 B ik A o T R B S ik D
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B L xS
E F
Bl JBEAXRBREFREEHEHERIEE
AMERIZL (x100) ; BT HRLL (% 100) ; CAIRILL (x400) ; D. 4
A1(x400) ; EEFIZ (x800) ; F. BT HAZL (x800)

Fig 1 Micrograph of aortic structure of rats in each group
A. model group (x100) ; B. negative control group (x100) ; C. model
group (x400) ; D.negative control group (x400) ; E.model group(*800) ;

F. negative control group (x800)

B B4 TR,
|

E2 &ZHAKR RhoA FREikE
Fig2 Electrophoretogram of RhoA of rats in each group

(P<<0.05), H AR . 25 24 )5 25 4R B 3= sl ko A=

BT R LA IR 1

x1 HKHERZFARREFRFENEDRIEER (107 mm®,
X+s,n=9)

Tab 1 Comparison of aortic neointimal area of rats after ad-

ministration in each group(x10 > mm*,¥ +s,n=9)

fif ] WA EREERITA PRI R T
BT 8.36+0.82 8.36+0.82 8.36+0.82 836+0.82
BRI 1528£035° 123540297 10.16+021° 8.86+0.23

YGRS - P<<0.05; 5% BRL He A *P<<0.05

vs. before administration: “P<<0.05; vs. control group:"P<<0.05
3.6 A5 KR Rho #EE mRNA RiLFR

S L (s N AN = e e s A 2 N i 2] i
Rho J(# mRNA ik B0 2 5/ (P<<0.05) o 55 %F HRAL HL#L,
I b e AR T T 2 K B 3 Bk Rho 3058 mRNA ik
B i/ (P<<0.05) , H 2RI ARIE . 45255 &R F
Bk Rho 305 mRNA Fk LA W3 2.
3.7 RHE AR RhoA RikER

S S5 25 m LA, 6 BRAHL AR L )i ot T 2K BR 32 30
Jik HF RhoA k1A 1A (P<<0.05) . S xF IR HoAe, o 5
FR 2 A A 7T 20 R B3 3 ik b RhoA 2635 24 B & ik /b (P<
0.05), HEFIARMmIM: . 4525 )5 45 R B E 3k RhoA HLJk
I ULIE 3, 8 I RIK IR 3.

hEHE 2013558 4 B8

®2 RHFEHAKXREZNMP Rho M B mRNA KA LB (x
107" mol/L,x +5,n=9)
Tab 2 Comparison of Rho kinase mRNA of aortic of rats af-
ter administration in each group(x10~" mol/L,x +s,n=9)

It} ] M4 RS PAEE T SRR
T 076£0.05  0.74£0.06 0.73+0.06 0.75+0.05
BRRE 0.650.03 04840.02* 0.29£0.02* 0.08£0.05

ST RS " P<<0.05; 5 X AL He Ak "P<<0.05
vs. before administration: “P<<0.05; vs. control group:*P<<0.05

fisiiig
fleftiT 4

sl
fifhiT]

Al

i T4

3 HBHFREHKRREZNPKF RhoA BikE
Fig 3 Electrophoretogram of RhoA of rats in each group af-
ter administration
x3 HKRAFEAXREFRKT RhoA RiELLE (x+s5,n=9)
Tab 3 Comparison of RhoA of rats in each group after ad-
ministration (X +s,n=9)

I F] AR AT PR AR T AL
GAFT 0352£0012 0343+0019 03460012 0352+0.015
LZBIG 0888£0.022°  0.743+0.018"  0532+0.016" 0336:+0.012"

SRR " P<<0.05; 5 X B H g "P<<0.05

vs. before administration : “P<<0.05; vs. control group:‘P<<0.05
4 it

Rho/Rho J# i {55 8 6 40 i 22 B A= 22 5y T L
(7318, AAUE SR A D RS BB a2 A
IHRESE , XA A 25 4 RS ik B B SR AT, J2 Rho
VR o B e E L E IR . Z2TEE KB, GTP 5
17 T WERR (GDP) 2Z [] 1% 78 2 5 Rho 35 15 TR 2,
G I Z KRR LY. Rho SGHE 2 RS 5305 )5
GDP 56755y GTP, i 5 i 2 Fr) Rho Y & A= IR A7, 1) 24 i
5 3 A 5 2 A, (355 Ak Rho 350 4 IS 0 JULER B 1116 1 il
(Myosin phosphatase, MP) 275 o 2716 1Y) MP AN RERF LER R
B8 (MLC) R AL , JE 3% h MLC BRI /K F- - T1, 2N
- WIBRE PSSR0, fe WL & P22 A9 RS, T fe 2t 1
VWU YAE . I Rho/Rho SH 5 il AT — R4 1)
TR o/ M 08 P 3 S 7 47 o - T JUIL A i 14 ke g B, A
TS0 ML A9 3t o A9 %% B, Rho/Rho 5 538 7 il
PR L R A M T R ) T AL 2 — . e S s
B UESZ Rho/Rho A5 5 18 -5 45 o LA B 4775 55 D1 56
F AN REEE SKAE AL | AT BIESEIE Kk B Rho G
TEC MV AL R B 1 T SR, 4] Rho 3t , T i 25 s
I M e I AR R B PR LR AL . ARSI R I,
N7 ML AR R B, RO AR B Sl Rk A B AT 4 B 32
Sk M LR K A I AR A, B G JR HBRIZE RN
B AR RhoA FEREEBA TS FEZL R 2 3, UESE Rho G (e
O E R R T H AR

AR AT T — L P S IR 3 - 3- P BRI
§i7: A (HMG-CoA ) i s i1 i 771, == 5470 ] FIEL [T P b R a2
P54, AT I AH [ W5 i BE— 2D WFFE R B, AT T
Xk VAL AT REAFEI L 205 5 O VR T AELATLR] o AN B
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TE AT X AR PR AR TR A R T 05 30 v 6 B, = A7 T

REAE A T 058 P9 B AR A S 107 2 ~F- i WL F) 2 A% 1A B, S

SR RIS R, R SRR T Shi sl

R AR TT A 3 e A0 ) B 2T A 2 AR g A ke o LR

B, B SR AR % 3 i 9 T 698 41 1 7 Western

blot 5 & B At 77 38 4 Rho/Rho 84t {753 #5410 1 1

Rho 25 [ 1% B, T AT 2k A0 LS4 5, 40 Co VAT 24K

5% & B 1At 7T 38 43 Rho/Rho 34 (75538 #5410 ) 32 7 4 )

1 2 (Matrix metallo protein, MMP-2) A& i, , M i #1 il 2 4

JLFEHE 4= L A2 35 52 (GGPP) A2 ™. 1l GGPP AJ LA 3 1

Rho .RAS % A, i kN G # 1 5 L , AT 1M

EEIKR (AT 1 )2 Mkik femas g 20 KN IRTE, e

HEC MU HAL o R (AR T T7E A6 RhoA 1% AL R T 36 AT

I 524, T L1 LAY 2T i AL o S At 7T iR T LA

i 32 Rho/Rho {5 - 1 ¥ 34 58 1L 48 N 1 2 M 2 4804k 9 & Tl

(eNOS) 1 P , 34— AL B A AR A, — AL R AT AR 3 AT |

SEAA DT ) o IO B I 51 UL A AR S50 AL 7 T

Wik T LB N R LA B S I RE . ANMES B AT

LGPy a5 RE NS 1) XL P B2 40 B B I A 0 UL AR S 5, O Rl

AT 1 400 1 30 Jok A Bz 240 MR P B2 3R 1 CET-1) B D] R 4% 55, AT

M ET-1 9 A WCAR . FEABESE ARG =TT 192y

sty Ut B 5 4 AR 4 B R U o, IR A 2R U 25 4

ZEMTEAT N R T IEE EIOR . S5 R KBS T

R BN ] 700 ik F) = AR A 7TV VR S I ) A, B

Rho # fiff mRNA #% 5% 3% #i F 8 , RhoA 3 ik % #i & ik (P<

0.05) , E B PR E A FRE L B i IR (P<<0.05) , 5% AL L 45

RUAFTEGE 7225 (P<0.05)

A7 SR AR T ) 004 A ) SRR i A ILAIE , ASBIF

FE I T R B A e v i R AR R AT T AR AT T T

T W R I AABTT REWS i3 Rho/Rho JGHE = il ] =

LA AR R B AR LA TR o ARS8 I ) 6 0, X S A7 TR A

FEAG RGBT HE— P IRAWITE S 583
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