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[ ABSTRACT] Aim To investigate the role of vascular smooth muscle cell phenotype transformation in carotid artery
remodeling of Wistar rats fed by high salt diet, and the intervention of telmisartan. Methods The male Wistar rats were
randomly divided into control group (0.5%NaCl feed) , model group (49%NaCl feed) , telmisartan group (4%NaCl and telm-
isartan 5 mg/ (kg + day) feed). After 24 weeks, changes of morphology and structure of carotid artery were investigated by
HE staining and Masson staining. The mRNA and protein levels of a-smooth muscle actin (@-SMA), smooth muscle 22
(SM22a) and osteopontin (OPN) were analyzed by quantitative real-time PCR and immunohistochemical staining. Re-
sults Compared with the control group, the blood pressure, media thickness, cross-sectional area, collagen volume fraction,
and proliferating cell nuclear antigen (PCNA) positive cells were elevated in the model group. At the same time, the model
group showed an increase in the mRNA and protein levels of a-SMA, SM22«, and a decrease of OPN. The telmisartan re-
duced the blood pressure, media thickness, cross-sectional area, collagen volume fraction, and the expression of PCNA and

OPN, compared with the model group. Moreover, the mRNA and protein levels of a-SMA, SM22a were upregulated by

telmisartan. Conclusions The 4% high salt diet can cause carotid artery remodeling and elevated-blood pressure in
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Wistar rats. The vascular smooth muscle phenotype transformation might be involved in the mechanism of carotid artery re-

modeling induced by high salt. Telmisartan can prevent artery remodeling partially via regulating vascular smooth muscle cell

phenotypic transformation.
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BRWRZAWEFEERAKE, UHETHERKER
BHKDE G RE—RKA A, SUKRE
AEARERIE T H R, B BRA B R, EME 5K
24

1.3 mERNE
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BT 4% % RFEE P EE 24 h, oK FEHA
o k8 3 F T B H Trizol By X8 EP & Y,
2 WA EF G N-80C KR,

1.5 HE $f&

T B R K, AR R BB 3~4 min, FLAK
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min, 41 ¢ 48 2 min, K U6 30 s, 4 E T AE K,
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X £ 100 1 f2 400 1% @@i, F| A Image Pro-Plus6.0
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Image Pro-Plus6.0 FE % 247 £ 401t & i 48w fiE ix &
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% 1. PCR 5| #1553
Table 1. PCR primer sequence

S 4R Sl i

a-SMA F¥iE 5-ACCATCGGGAATGAACGCTT-3’ 263 bp
FUiE 5°-TTGCGTTCTGGAGGAGCAAT-3

SM22« [ i 5°-GAGTCACGAAGACTGACATGTTCCA-3 90 bp

TU# 5-TGCCCAAAGCCATTACAGTCC-3

OPN L 5-GCCGAGGTGATAGCTTGGCTTA-3 136 bp
T 5-TTGATAGCCTCATCGGACTCCTG-3
GAPDH L% 5-CAGTGCCAGCCTCGTCTCA-3’ 76 bp

T 5-TAACCAGGCGTCCGATACG-3

% 2. FAKXBESNBKME L (v+s, mmHg)
Table 2. Comparison of rat tail artery blood pressure in

each group(x+s, mmHg)

il n FER i e 24 JA Il %
X HRZH 8 108.4+4.8 107.8+7.6
IR 10 112.2+5.0 140.78.0"
Bokvbing 9 105.4+10.5 108.7+7.5"

a N P<0.01, 5% B4 Fe A ;b o P<0.01, S h b i 4l e,

2.2 FMEMBkMEEHFR

55t WA ZH Hse , ven S B 700 2 201 50 ik b B 40 e )23
B2, VSMC 4 A B0 3 I HLHES) 2L v psd s
PEEZS il 5 AR R 4 He A, B R Vb 4L L)
SASEE(E 1) .

5% IR b A, v R AR 7R 4 591 5 ik v RS JEE
rhRRE R/ AR T | i A RE A 4B T AR N (P<0.05) 5
SRRV TS, 350 50 Jok v RS JEE B | i 4 RE A
T AU N (P<0.05) o 25 2H AR JCGE 12 22
F(EK3),
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<0.05) ;55 o Eh A AL Fb i, B oK U 2R 4T DR T AR
I/ (P<0.05;3 4) .
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Figure 1. Comparison of rat carotid artery morphology in each group
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Figure 2. Masson staining of carotid artery in each group

Table 3. Related indexes of carotid artery remodeling in rats(x+s)

i TR EE (um) JEARE (um) rfRR RS/ A L I A B R A T A (mm® )
X e 2H 61.72+6.00 455.98+91.40 0.139+0.03 0.096+0.022

R TR AR AR 4] 84.34+9.41° 442.24+70.65 0.198+0.05" 0.138+0.013°
Bokvbingl 67.64+10.47" 364.44+81.09 0.194+0.05* 0.109+0.058"

a N P<0.01, 5% B4 FLA ;b o P<0.01, S ih A gy He i,

4. BEAKXBAFB PR ERRD B (x2s)

Table 4. Rat carotid artery collagen fiber area ratio in each

group (x+s)

sl e SR AT

X R 2H 7.00%+1.68%
foEaN il 13.12%+2.35%"

F= SUp k] 9.31%+1.39%"

a N P<0.01, 5% B4 FLAE ;b O P<0.01, S ih A By Heds

2.4 FzEhBk PCNA EARMERIE
51 50 Jik HP RS- i UL A0 i 2 7 20 I A% B D ( pro-

liferating cell nuclear antigen, PCNA ) £ F 3¢ 35 7 40
MRz AR, 50T R oA, i R AR 2 #5 h Jik
HH BB Vi LA B PCNA 119 6 55 BH B 384 7 (14,583 =
1.24211 24.557+2.723, P<0.01) ; £ K 70 30 1 il
Jii ,PCNA 1132358 ik /D (24.557+2.723 1t 15.598
+1.367,P<0.01;/K3)
2.5 BBk a-SMA,SM22a,OPN ZE A1 mRNA )
FRix

5150 bk o B 1 WLZ0 B «-SMA [ SM22a, OPN
HHRIREAM K 2450 A, 5 RA L, &
ERMERIZH 3B Bk P I o-SMA | SM22« 7K 4 AT mRNA
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FIK WL M OPN 2 4 Fl mRNA FikH B (P< mRNA F3AT1E , OPN % il mRNA 35 F [ (P<
0.05) ; & KV TS, «-SMA , SM22«a 25 [ Al 0.05; 8 4 F1F 5) .
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- A
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- e ) - ¢ - g k
,':"'/,S o b AV y 1 . 4
g goti- -l ® \ | B BIPd ] 4
. % g 1 5
o 4 3 " e L4 o,
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B N .4;:20um - ” P 20um ” 20um

3. HBhhk PCNA RBHLUFERE WEEHSTINXIRA BRIz ok v g — R Pk 4

Figure 3. Expression of rat carotid media PCNA by immunohistochenical staining

Bl 4. FFNPk «-SMA SM22c,OPN REHAANZRE WAL IRA BB Foky g,

Figure 4. Expression of rat carotid media «-SMA ,SM22a, OPN by immunohistochenical staining
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x5 BHKBHFN o-SMA SM22« 71 OPN BIRIX
Table 5. The expression of a-SMA ,SM22« and OPN of ca-

rotid artery in each group

TiH pogitEcl SR e = SUEEE]

a-SMA 21 0.1788+0.0309  0.0782+0.0096*  0.1221+0.0072"

mRNA  161.9+62.2 85.1+13.9* 146.9+23.7"

SM22a 4 0.0106+0.0012  0.0052+0.0010°  0.0095+0.0016"

mRNA  141.1+56.8 43.1£15.1° 140.5+23.7"
OPN ZHH 0.0038+0.0098 0.0067+0.0011*  0.0041=0.0012"
96.5+22.8"

mRNA 79.7+15.5 366.1+72.6*

a N P<0.01, 5% B4 FLAE ;b o0 P<0.01, S5 ih A ey i,

3 %W it

DR B AT 27 1 8l ) S5 06k 52 v R A ]
g eI s, I HIHAE O — B 2 A4 BRI DR 32 m]
P IMUERES R R EAEE" e
YOKMRFRIE R Wistar KB 21 K, K KL W] 2 7t
T IR S 49 E R AR SR IE B Wistar K
B, 8 i R el afit P T v O HL B T I A E A
13 5 A 1 I 87N W | A5 o= | = -2
FOAL IR R T A% o R G PR R A A
45 F A FE B3 Ay 14 A P o R I JE P A 3 A
PETE Y 2RI VSMC K0 H B 20 i S0 JE B4
It H &M VSMC [ N IR AT 3547 5 B SR A 3R
BRA ST WLAN ML R | o 5 R 3 1 AR S
WA SR W] 8% m #h IR P LA FL S EOR B
S0 50 ik P AR TR S LA AT R g T TEAR
W AT LASREL 3] 4% i SRR ZH Wistar KRR35
ik e RS B | v B JEE E /s A L R i A R S A T AR
BT HRZH 2 P e n , I HAE 3 Masson 428, 1] UL il
BRI R UL, PCNA 255 41 it 334 5 J 301 40
R, RV AN A 1S GRS, [ 72 VSMC
N2 BRI B RN 5 i 06 55 1 R, RE AR AR 47 b DT
WA B3GR AS . PCNA Sie 414U k24 e (o 2 1
7R AR S ik b i PCNA AP 20 i 35
AN AL B B T, VSMC b F IR, DLk
RN 49%NaCl =3 IRE AT LS 3 Wistar K B 35
BhDk A A 14 A RIS S E A

L AR PN 25 2 /A 4 A B A 4 B I R
PAT AR ST G A e e A AR HE S a4 v
ER il VSMC FR, w3 LR VSMC B i, B,
FUHETIRE  (HJ& VSMC H-FEZR b 4, Re7Eik
AR AV LA 2 )M B AR AR R g B

P2 AT VSMC T2 IS 4 2 78 ) 5 il L
b, A AN 43 06 ) B FOB TG BR, B R L GRS
A A AR B R RE T, 15 B VSMC 3§58 AT K )
P R IERS SR AT M s e 3R H VSMC [ &
B AR BN LR B A R L BT, VSMC Wi 4
FRGREYRBEAL, [R5 B 2R B bR 2 1) T e ]
PIFEH VSMC B 28 % A B IR 7R e A I e AL 1) 5
MR AL, W ds 2B VSMC 4 F i a4k itk
A, «-SMA SM22« Z5EFE R AYFEIA , a-SMA J&—F
HAEE I, A& VSMC W4 2 8 R R S bR i 9
SM22a & —FE2EAH G 1, 5 A M 2R EE A
FRUPATA K FE VSMC HH Rk B H 0 7RIk
AR VSMC iR Gk e A R B ik i
AT IR LT LA VSMC (38 5 | 4
VSMC R 4a 2 80 | 2 VSMC W46 = M i bn i i 2
—0B) . OPN J&—Fi MR AL OB 2 11, & VSMC &
FRIRFRED ) T H VSMC 162 Fh 41 i R Fi A
T T I SRR A3 5 1 [ B R 36 38 OPN, R
U P 2R JH 3 T shRNA 5 D] B B 5 R il vemc
OPN JE[K 3R35 J5 , 20 i 144 5 52 21 BT . Ay 0 4, 3 e
VLA E S VSMC Ry s s A 5 Ak
5% & B SHR FE Sk 4 5E th OPN mRNA Rik 5
HE MR B IEEADED) JF BLAE SHR i ifi 45 5
K FR 1755 19 e i /)y BB RS = 3 ik OPN 335
Bt L A B 5T 2 R i A I HY 5 VSMC
R AL % UIAH OC . PR I, A BF 5 38 3 X -
SMA SM22a ,OPN ik [RAS I LA S B VSMC 7 11
ARk, FEASIFFT & A 3 80 bk T A ) v AR R 2
BT FRZH IS 4E 2 11 SM22a , -SMA FY 25 11 il mRNA
FEIRREAR, ELIRIAA 28 OPN (1925 [ Al mRNA 2
KT HE— 1R VSMC FERIFR B T o-SMA |
SM22a FFEAIEAT OPN (1) Tt 5 J: R /R H 51 2 VSMC
Bagg A A, PIAEAHES T VSMC HR 4
] A R AL 4% = $h I 51l K R Ssh bk & 4=
FEHI AT REAIHLH Z —

BK VDI AT BE PR B ATIR, AR B
YERT, ELRB RS il e 85 N 2 D Re, i i O &
PRI AE > ARSI S AT A 5Tt R B K Vb I
RECSE 8% fm £R AKX B 5T 1) F sh kAN s 2 B o ok afi
HEMT BETE NN T I Bk R Z R b
I VSMC 2 10 2 A i 38 1l 7 A P AT 9 41 L
D ARG R R K VD I A W 4 R AR AR a-SMA |
SM22a FRIK T+, i R BUAR &Y OPN Rk FE
I, {5 VSMC Hh A 8 g i RL 6% | 3R s Bk Vbl
ARG L VSMC R AR e I 4 E A
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g5 Ak K iR & aT DL R Wistar KR
I F v, I 575 5 300 20 bk A A 3 2B N0 JE 4 o
4,10 VSMC H e A ) 5 AL 4 Ak T g2 kAR
FEHIHLE 2 — , Bk v I ] g am i 300 5% VSMC %
RV A R G B K E A
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