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Effects of High Salt Diet on the Remodeling of Carotid Arteries and the Intervention

of Telmisartan in Wistar Rats
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[ ABSTRACT ] Aim To investigate the effect of high salt diet on carotid artery remodeling and the intervention of
telmisartan in Wistar rats. Methods 60 male Wistar rats were fed by normal (given 0.5% NaCl as control group) ,
high salt (given 8% NaCl as high salt group) and high salt + telmisartan ( given 8% NaCl + telmisartan as intervention

group) diet for 24 weeks, respectively. At the end of experiment, the rats in high salt group were subdivided into high
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The changes of histology
TGF-B1,

salt hypertension group and high salt normal blood pressure group by the tail-culf artery pressure.
and proliferation in carotid artery were observed by HE, Masson and immunohistochemical staining.
p-Smad2/3, Smad7, Angll , AT1 and AT2 protein expression in carotid artery were determined by immunohistochemical
Results
(MT), ratio of media to lumen ( MT/LD), proliferation index ( PI), the collagen volume fraction, TGF-B1 and

staining.  The level of aldosterone in carotid artery was mesured by radioimunoassay. Media thickeness
p-Smad2/3 were greater in high salt group than those in the control group (P <0.05), but telmisartan prevented these
effects (P <0.05), Smad7 protein expression in high salt group was lower compared with control group (P <0.05),
whereas higher in intervention group compared with high salt group (P <0.05). Angll protein expression in high salt
group and intervention group increased compared with control group (P <0.05). ATl protein expression in high salt
group increased compared with control group (P <0.05), but decreased in intervention group (P <0.05), high salt hy-
pertension group and high salt normal blood pressure group was unchanged (P >0.05). AT2 protein expression in inter-
vention group increased compared with high salt group and control group (P <0.05), control group, high salt hypertension
group and high salt normal blood pressure group was unchanged (P >0.05). The aldosterone level in carotid arteries was
greater in high salt hypertension group than that in control group and high salt normal blood pressure group (P <0.05),
Conclusions

much greater than that in intervention group (P <0.01). 8% NaCl diet can cause the carotid artery re-

modeling in Wistar rats, RAS and TGF-B1/Smads pathway may participate in the mechanism of carotid artery remodeling.

Telmisartan can prevent high salt-induced remodeling of carotid artery.
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Table 1. Comparison of rat tail artery blood pressure in the

four groups(x +s, ,mmHg)

| A 1T SEIOR B I
Pt 115.25 £2.04 119.50 +7. 18
e e I 4 118.62 +11.53 168.32 +13. 07°
FEIMEIER4  120.97 +3.73 127.15 £9. 68
+ HiLH 118.50 +3.75 127. 83 +4.33

a ki P<0.01, 535 5% BRA | T IRAH | ik il & 1 5 40 L%
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Figure 1. Comparison of rat carotid artery morphology in the four groups
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R 2. BEAXBRFEK MT.LD MT/LD. Pl B ER R ETIRLL (x £5, n=10)

Table 2. Rat carotid artery MT, LD, MT/LD, PI and collagen fiber area ratio in the four groups(x s, n=10)

| MT( pum) LD (pm) MT/LD( % ) PI(%) MR YRR (% )
Xof R 3310 £1.17  168.47£27.29  20.15 £4.01 11.20 £7. 69 18.62 +4.79
=W 48.11 £2.89™  159.35£18.51  30.62 +5.04  31.08 =7.23" 40.31 4. 14™
R IE 4 44.55 £6.48"™  151.80+£29.33  29.68 +3.52*  31.83 £6.41™ 41.47 £ 4. 58"
R iE 35.57+3.94  174.50 £31.18  21.05 £5.20 12.10 +6. 34 20.51 +5.96

ah P<0.05,b24 P<0.01, 5% MRA LK ;¢ P<0.05,dH P<0.01, 5T,
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2. RBRALUFERTEHAKXRIENAFIE Ang Il AT1 1 AT2 FIRIE

Figure 2. Expression of rat carotid media Ang I , AT1 and AT2 by immunohistochemical staining

x 3. HEHXRIMEN Angll AT1 AT2 IRIE (v 5, n=11)FIALD FE (v s, n=8)
Table 3. Expression of rat carotid artery Ang II , AT1 and AT2(x s, n=11) and ALD concentration(x s, n=11) in the

four groups

a4

Ang Il

AT1

AT2

ALD(ng/g)

X HE2H

1o e LR 2

e R LR A 2
pRiE

0. 0027 £0. 0016
0. 0190 0. 0068"
0.0164 +0. 0075"
0.0176 £0. 0091*

0. 0036 +0. 0027
0.0163 +0. 0062
0.0143 +0. 0057

0. 0047 +0. 0011

0. 0032 +0. 0026
0. 0038 +0. 0024"
0. 0026 +0.0015"
0. 0079 +0. 0026

1.74 £0. 60
2.79 £0.90*"
1.87 +1.04
1.51 0. 87

a N P<0.05, 5% A LE b o P <0.05,¢ 0 P<0.01, 5FH i ;d N P <0.05, 536 IE 5 4 i,

2.4 KRINFNBXFFE TCF-B1,p-Smad2/3 F1 Smad?

HIRIA

5T BRZH AR EE , o w5 s 21 R v R i A
Ak K TGF-B1 Fl p-Smad2/3 i F ik £ |

Smad7 HIFEIKFEAK (P <0.05) , 1 T 75 41 3 8 ok h

JI5 TGF-B1 Al p-Smad2/3 [JFIEIH/L , Smad7 AYFE A

xR 4. BHAXRFZIKHE TGF-B1 . p-Smad2/3 . Smad7 B)FRIE(x +s,n=11)
Table 4. Expression of rat carotid media TGF-B1, Smad2/3 and Smad7 in the four groups(x +s,n=11)

AR (P <0.05) , i 3h i i 26 5 5 6 1% 1F % 40
ML B 2Z5(P>0.05;F 3 f1%4) .,

g 4

TGF-1

p-Smad2/3

Smad7

Xt HEZH
ek e 1L 2
R E 4
e

0. 0003 =0. 0001
0. 0060 +0. 0032*"
0. 0053 =0. 0028

0. 0004 =0. 0002

0. 0595 =0. 0272
0.3697 +0. 1524**
0.2533 +0. 0958

0. 0918 =0. 0407

0. 0077 =0. 0027
0.0020 +0.0011*
0.0022 +0.0010"

0. 0060 =0. 0020

a N P<0.05, 5% AL b A P <0.05, 5 T4 L,
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Figure 3. Expression of rat carotid media TGF-1, Smad2/3 and Smad7 by immunohistochemical staining

2.5 SEEMEAMSENEESHEFNKEN
5 Ang I, AT1, AT2, ALD, TGF-B1, p-Smad2/3 X
Smad7 RiXRIHEEE

AR I R BB ik MT MT/LD  PL & rf B e
JEAF 2k i L L 5 Ang 11, AT1, ALD | TGF-B1 . p-
Smad2/3 FiLEIEM (P <0.05) ,5 Smad7 Fik

xRS,
SoLEE e

BHAMHE(P <0.01), 5 AT2 LXK LMK (P >
0.05) ; B3k Il IE % 4l i sh ik MT MT/LD Pl K& h
PR J 25 4k i B L 5 Ang T, ATL, TGF-B1 . p-
Smad2/3 FIEEEMFE(P <0.05), 5 Smad7 Fik
EHAME(P<0.01),5 AT2 ALD £k LA (P
>0.05;55 fl6),

ERSMEAFZFK MT MT/LD . PI, FERELFEEFR LS Ang 1 (AT1,AT2 ALD,TGF-B1,p-Smad2/3 ¥ Smad7

Table 5. Correlation between carotid MT, MT/LD, PI, collagen fiber area ratio and Ang II , AT1, AT2, ALD, TGF- 1,

p-Smad2/3, Smad?7 in the high salt hypertension group

—— MT MT/LD PI Je I A T AR

r P r P r P r P
Angll 0. 877 0. 001 0. 664 0. 036 0.753 0.012 0.714 0. 020
ATI 0. 897 0. 000 0.720 0.019 0. 867 0. 001 0. 875 0. 001
AT2 0.176 0. 627 0.038 0.917 0. 196 0. 588 0. 306 0. 390
ALD 0. 819 0. 004 0. 688 0.028 0. 878 0. 001 0. 826 0. 003
TGF-B1 0. 881 0. 001 0. 686 0.028 0.824 0. 003 0.819 0. 004
p-Smad2/3 0. 896 0. 000 0. 815 0. 004 0.954 0. 000 0.933 0. 000
Smad7 -0.799 0. 006 -0.713 0.016 -0.854 0. 002 -0.783 0. 007
3 W ® B ARG | 2 B 8% 1y 16 Ak 4 vy i R T 1

KA AT 9 2 A s ) S 06 0E 52 = Eh R A ] &
IR, THESEER R 4% 6% M 8% 23 ]

HRdne ey s WRAE SCHR I 5 5 5 | 1 4 54 32 B4R
F Bk B & s ik, &% T 01 9 5 R 1R B s ik
I ORI S S 4 45T 8% NaCl ok fa) K}
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* 6. BEMEEEHAFZHK MT MT/LD P hERRFEFEEmALL S5 Ang I AT1,AT2 ALD, TGF-$1,p-Smad2/3,Smad7

EEES

Table 6. Correlation between carotid MT, MT/LD, PI, collagen fiber area ratio and Ang I , AT1, AT2, ALD, TGF- pl1,

p-Smad2/3, Smad7 in the high salt normal blood pressure group

R R I MT MT/LD PI W AT i T AR L

ERA r P r P r P r P

Angll 0.556 0.025 0. 683 0. 030 0. 909 0. 000 0. 838 0. 002
AT1 0. 894 0. 000 0. 669 0. 034 0. 685 0. 029 0. 812 0. 004
AT2 0.381 0.278 -0.042 0. 907 0.277 0. 439 0.328 0.355
ALD 0.523 0.120 -0.153 0. 672 -0.920 0. 801 0. 052 0. 886
TGF-B1 0. 709 0. 022 0. 865 0. 001 0.790 0. 007 0.748 0.013
p-Smad2/3 0. 903 0. 000 0.724 0.018 0.815 0. 004 0. 843 0. 002
Smad7 -0.741 0.014 -0.693 0. 026 -0.804 0. 005 -0.778 0. 008
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Hefp R A 5 55— J7 I, 2o a2 1% £ A 7
Tl -6 Kz O R A2 A A2 4, S 300 I

TGF-B1 & H i T %0 e 5 22 1 SR 4k 4k 240 M 1A
T2 A R A A A B )
IF i HE A 1 AR, A R LT 4L & 2 . Smads 5
%% 2 HET & B TGE T i 8 B iy 1 S ¥,
Smad2/3 4§ TGF-B T A= W24 3000 5 1] Smad7
J& TGF-B 5P 1, vl LIFH 1 Smad2/3 BER 1L,
MITTRHL T TCF-B A2 TR A& A
Ying % (A 5T & R, B b Ik B BEAS 5 3 TGF-BI
AIZFRIBIG N, 82 1 2 Ik 544 AT BB 432 8 4
TGF-B1 MZRIBTT LI , AW R IN, = Ek e il
4 A ER L JE OE W 4 S 3h Bk b OB TGF-B1
p-Smad2/3 8 H KA I, Smad7 & F 2 IR RRAK ; =
£ Fe IR 4 R g 5 0 IE B 4 s ik MT MT/LD
P 58 i 41 4 i B 5 TGF-B1, p-Smad2/3
IR IEMSE, 5 Smad7 ik E A, #8 TGF-B1
FRM IR SR K RS s bk E A, TR S
WIE A Smad2/3 FK WA S £ |, Smad7 1 &
FRFEIRZ PN, 117 7o Ak 5 00 20 R g 6 a0 O 21
TGF-B1 .p-Smad2/3 Smad7 FHEKEITLETF, %L
3R] TGFB1/Smads 15 538 % A AR T 1L 3
15 T 5 3 pe K R S sl ik 98

SCHRRIE TGF-B FI'E Z -1 R 7K 2 R (re-
nin angiotensin system, RAS) A1 H. 4 7, TGF-B HE H|
B /INER 55 AT R S 2 i Ang TR B 2
Ang [l ZEARS MBS 10872 ILAB L TGEF-B [
Fk? IFREE T AT A2 4R 3 J5 R A ok M i Nl
TR IR RR E AL B UM C L p38MAPK | B iE
FEH 1 PR E L TGF-B1 AU R IA, Ml TGF-
Bl AL R IE MR A T IL PSR | AHF 5T
WH 8% fmih + ATL SZARFE BRI E AV I0AE S T 1



662

ISSN 1007-3949 Chin J Arterioscler, Vol 22 ,No 7,2014

20 WLEE R T 101 20 291 ) fok H R 3EG JES , SF- T UL 24 B 3
B AR HEZ ZEEL I s, T T4 B0 bk
Ang Il FR 30T FRAIIE £ | 5 /5 3 = 1 He 41 0 g 6
I TEF 2 TE 25 5%, AT 20k 4 i 6 v 1l F 41 A0 v
R MR IE B 0 /D, ALD 5 i 36 vy 1 Hs 21 v /b | H:
P R AT F5 P00 @ o Bl Ang T 5 AT1 52
IREEA BT Ang T B9FER, 9807 ALD 4336, T 70
ZH SN K AT2 FRakent HE AL | i &k g 1 20 K
Fen R M IE B 4, (S S A 22 R JE I 25 R
Tk AL 2 R I GE R 4L B ik MT  MT/
LD | R T AL B PL S AT2 IR TOHH K,
BT REE R AT1 SZ RS PUR 32005 Ang 1T 1
3@ RS LRI R T AT2 SZARAE T, AT2 52
PR AT A 5, 400 ) i A5 94 UL B ] J5 B
22 240 B A 00 B AR R AR A AR AL
72 AR 5T A L% 3 T T 4 59 B0 ik P B TGF-
B1.p-Smad2/3 %A I /D, Smad7 FKIkFH B HEZ
PR B K V0 30 A] B Ang 1T 7E A1, T3 TGF-B1/
Smads 15530 % , T8 5% S8l ik A4

g5 TR, R AR B AT B B oo i R T
S ko ARG JRE P 3 JUL A i A R R 498 B % e T
HEAR, ML AT e 5 EhiE RAS, fff TGF-B1 ., p-
Smad2/3 b8 &% Smad7 T WA 56, Bk vb M w5
ER 5 04 8 A R 351 2 Kk A T R 38 2 ] Ang
15 ATI 454, ¥4 TGF-B1/smads {5 5 i %
TGF-B1 .p-Smad2/3 Fl Smad7 fYFKik,
(Bt Bt 8 SUE 3 IR TRy B 5 HBF 5 50 05 203k
RIS LT e )

[ &% k]

(1] X0 4, REYEL, PORESR, 2. TGF-B1/Smads 15 ERK RIK¥E

HREHSIMEERFAEML]. FEREA IR, 2012,

28 (10): 1 766-772.

2 [, ROECEL, X #f, AF. Fefb A KIT B1/Smads FRIKTE R

ERIREEL Wistar L0 WUET 4 4L b i) £ T KO K 70 31T 33

[J]. WPoEEIEZE, 2013, 21 (7) ; 648-653.

(3] %I 2, RIESEC, X 0, 55 Bk VPR KH T g1/
Smads 76 #0175 B HELF 4L h Rk [ 1], PR ILIEZGE,
2013, 21 (7) : 659-665.

[4] R, 26, B, AP R T — Sk A i 8 %
R IR R B U K E S RE A SE I [ T] . AR R IR 2R R
2007, 15 (4) : 303-306.

(5] & %, RAIst. POy E X Hh G s s oA Bl B UE W -
BRRRGFRRAEW[T]. P E B A, 2007, 23 (6):
785-790.

[6] Ying WZ, Aaron K,Sanders PW. Mechanism of dietary salt-media-

2

[

ted increase in intravascular production of TGF-B1[J]. Am J Physi-

ol Renal Physiol, 2008, 295 (2) : F 406-414.

(77 S, SCoepEe R R WSS J]. LIS P2
274k, 1985, 88 (2): 102-104.

[8] TigaR, uutse, MyZtg, 5. ARk B i 0 TDRHIR 57 3w 1
JEREEIE) SRR FE ()], INARIEZY, 2012, 52 (32) : 34-36.

[9] M HA4E, Robert MK, % ZHE, 5. — R0 m#h 205 M K3
ROR K M A [ 0] P I R 25 34 53R Y74, 2005,
10 (1) 24-28.

(107 Paweas, x| 0, e, 4. KRRk e ook vbdE T3t
Wistar X FRBIMKEMRZ I [T]. hAERIMERE, 2013, 21
(10) : 930-937.

[11] Simon G, Jaeckel M, Illyes G. Development of structural vascular
changes in salt-fed rats[ J]. Am J Hypertens, 2003, 16 (6):
488-493.

[12] THEZR, £k, A #, 55 SR KE AT KR R0
[J]. "PAERRMEZLE, 2011, 19 (2) ; 125-128.

[13] 2, EXT, ik, 5. EARAACREEN T IME Bk
RS2 1 Sz SCHEPR X i UK B 1755 04 1 1 DK B I 19 32
WLJ]. ES O AR IR, 2006, 6 (4) : 204-207.

[14] % 5, Br A, A% BWR-MEERRRE S 5 &
MICRDPHERLI]. BEAELER, 2008, 14 (13) : 1 941-943.

[15] Fofife, TRITOR, TEAE, S5 [ R JE DA O ik i
p38MAPK/ Noxl 3 #3M ] Ang I 75 3 i L 45 F- 2 UL 240 M0 4% 5
[J]. PESIEAE, 2012, 20 (3): 246.

[16] Zhou J, Pavel J, Macova M, et al. AT receptor blockade regu-
lates the local angiotensin Il system in cerebral microvessels from
spontaneously hypertensive rats [ J]. Stroke, 2006, 37 (5): 1
271-276.

[17] Nathan C. Points of control in inflammation[ J]. Nature, 2002,
420 (6917) : 846-852.

[18] Goumans MJ, Liu Z, Dijke P. TGF-beta signaling in vascular biol-
ogy and dysfunction[ J]. Cell Res, 2009, 19 (1): 116-127.

[19] T 4B, g4, XIEH, 5. 18P G S S m UK U
SIKEMEALI]. PEALTA, 2011, 5 (27) : 591-593.

[20] Ying WZ, Aaron KJ, Sanders PW. Transforming growth factor-f3
regulates endothelial function during high salt intake in rats[J].
Hypertension, 2013, 62: 951-956.

[21

[

Touyz RM, Wu XH, He G, et al. Increased angiotensin Il -media-

ted Sre signaling via epidermal growth factor receptor transactivation

is associated with decreased c-terminal Src kinase activity in vascu-

lar smooth muscle cells form spontaneously hypertensive rats[ J].

Hypertension, 2002, 39 (2) . 479-485.

[22] SABESY, IMROV, T 4, 5. USRS K BUMLSE Ang 1T 7K
FEIMAE TCFRI RIFRIE[T]. MM (B2 |, 2009,
44 (4) . 808-811.

[23

[

Wenzel S, Taimor G, Piper HM, et al. Redox-sensitive intermedi-

ates mediate angiotensin Il - induced p38 MAP kinase activation,

AP-I binding activity, and TGF-beta expression in adult ventricular

cardiomyocytes[ J]. FASEB J, 2001, 15 (12): 2 291-293.

[24] Moore MA. Choosing initial antihypertensive drug therapy for the
uncomplicated hypertensive Patient[ J]. J Clin Hyperten, 2001, 3
(1) 37.

(HECHEE SCERH)



