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Effects of hypertension and low shear stress on common carotid
remodeling in rats

KONG Han, ZHANG Ming-liang®, YAN Zhi-giang, JIANG Zong-lai( instiute of Mechanobiolo-
gy & Medical Engineering, School of Life Science & Biotechnology, Shanghai Jiaotong University, Shanghai
200240, China)

Abstract; Objective To study the mechanisms of vascular remodeling induced by hypertension and/or low shear
stress, which will be helpful in the prevention, diagnosis and treatment of cardiovascular diseases. Method The
models of low shear stress in carotid artery or of hypertension were established by the ligation of partial distal
branches of the left common carotid artery (LCA) or by the coarctation of aorta in SD rats, respectively. For
some rats, the low shear stress in LCA was accompanied by the hypertension. The wall thickness and the ratio of
wall thickness to inner diameter were determined by morphometrical approach. The MMP-2 activity was detected
by gel zymography, and the expression of proteins, including p-Akt, Rho GDl«x, was verified by Western blotting
in LCA. Results When LCA was subjected to hypertension or low shear stress, MMP-2 activity, the wall thick-
ness, and the ratio of wall thickness to inner diameter were all increased significantly. They were further en-
hanced when the hypertension and low shear stress were both existed, which would speed the vascular remode-
ling. Low shear stress induced the expression of p-Akt, and the lower shear stress, the higher p-Akt expression
would be. However, the highest expression of p-Akt was observed in LCA of hypertension accompanied by low
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shear stress. The expression of Rho GDlx was upregulated in LCA by either low shear stress or hypertension.
The highest expression of Rho GDlx was observed in LCA of hypertension accompanied by low shear stress.
Conclusions Vascular remodeling could be mostly influenced in LCA subjected to low shear stress accompanied
by hypertension, which was also regulated through the changing expression of p-Akt and Rho GDle.

Key words: Flow shear stress; Hypertension; Vascular remodeling; Common carotid artery; Biomechanics
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Tab.2 Effect of the ligation of partial distal branches and coarctation of aorta on blood flow, shear stress and blood pressure in the left

common carotid artery (LCA)

1.5/ mmHg &/ (mL - min~!) YR 77/ Pa
ARG 4w ARHI ARJ5 EIZ) RIG4w ARHY ARJG BIZ) ARG 4w
NT-NF 108 + 14 4.05+0.26 4,17 £0.24 4,62 +0.31 20.24 +2.45 21.69 +2.31 25.56 +3.31
NT-40 104 £18 4,17 +0.41 2.51£0.22* 2.75£0.24* 22.37 +2.95 12.64 £2.42 13.54 £2.14*
NT-90 110 13 4.11£0.22  0.48+0.12* 1.48 £0.58 22.34x1.58 2.44 £0.56 7.41 £2.18*
HT-NF 204 £12 4.06 £0.25 4.14 £0.19 4.54 £0.41 21.18 £2.13 22.54 +£1.82 23.42 £4.21
HT40 214 +18 4,02+0.37  2.40£0.17* 2.84£0.37* 20.37 +3.04 12.54 £2.81 14.43 £1.67*
HT-90 21015 4.13£0.23  0.40+0.03* 1.54 £0.47 * 21.57 £2.95 2.14 £0.31 8.14 £4.24*

HE:n =10, *P<0.05 vs Z54LAT
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) (a)NT-NF, (b) NT40, (c¢)NT90, (d) HT-NF, (e) HT40,
(f)HT-90 (IEL: PHJE;EEL: A, #3R =100 pm)

Fig.1 The cross sections of the common carotid arteries at 4 w
after operation( HE staining) (a) NT-NF, (b) NT<40, (c) NT-
90, (d)HT-NF, (e)HT-40, (f) HT90 (IEL:internal elastic lami-
na; EEL. external elastic lamina. Bar =100 ym)
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MR K HT-NF 4] LCA (152 52 I BE JE/
12 L5 TE 0o BRZEAR L S 3 1 0 5 1 3 = 9820 40%
i) HT-40 2H FifiL 7 B k2> 90% 1) HT-90 4 LCA 1
BEJEL I BE R/ INAR EL, 5 16 8 ) B 4 A L3S i 28 3
fine #RTM,HT-90 £ 5 HT40 ZHAH I, LCA BEJE [ BE
B/ MR LRI B, G5RRNA, SIMER LA
BBl ik EE R B R/ N A2 LL S 2 38 M 5 3 ik i i 2
/0 90% FIAI I RE 77 4R 25t T 75 5 3 ok BE B I BE
B/ AR BEEI., Y& iEEEIRTIR T, &
I S AREI N F7 5 U3 [RIVE R 55 3l Rk B )& S B T/
WA LLE— 2018
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Tab.3 Morphometrical index of common carotid artery of SD rats
in each experimental group

45 BEJEL/ wm PR/ pm BER AL
NT-NF 154.5 +6.0 662.0 +6.1 0.24 +0.02
NT-40 162.0 +£3.0 690.4 +5.5 0.23 +0.03
NT-90 232.5+4.5* 572.2+4.2* 0.41 +0.03*
HT-NF 268.5+6.0* 721.5+5.6* 0.37 +0.02*
HT-40 292.5+7.5%  630.2 +6.6" 0.46 +0.04*
HT-90 352.5+£9.0* 571.5+7.4* 0.68 +0.05*

¥:n = 5, P<0.05 vs NT-NF 41,*P <0. 05 vs NT40 4,
*P< 0.05 vs NT90 2
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Fig.2 Gelatinase activites of MMPs in carotid arteries induced by
alterations of shear stress and hypertension (a)Zymographic an-
alyses of gelatinases from carotid artery extracts, (b) Quantifica-
tion of gelatinase activity from carotid arteries ( * P <0. 05 vs NT-
NF group, ** P<0.01 vs NT-NF group)
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p-Akt
B -actin

e - - bbb
RN R
T T T
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NT-NF NT-40 NT-90 HT-NF HT-40 HT-90
B3 BOESRKIIEAZESHF R p-Ak RiZ (" P<0.05
vs NT-NF 4H,P <0.05 vs HT-90 4 ,NT-90 #{ )
Fig.3 Protein expression of p-Akt induced by hypertension and
low shear stress ( * P<0.05 vs NT-NF group, P <0.05 vs HT-90
group,NT-90 group)
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Fig.4 Protein expression of RhoGDla induced by hypertension
and low shear stress ( * P <0.05 vs NT-NF group, P <0.05 vs
HT-90 group)
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