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Y1117 AR L 0B B0 T80 5 ) 1 , 72 3588 3 0 37 1 L 40% AS 5 1 I 5 [ — RE
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Establishment of controllable wall shear stress and LDL concentration polarization

model in rabbits and their effect on atherosclerosis
LIU Hua', WANG Gui-xue', YE Lin-qi', LI Pei-pei', XIANG Cheng-ping' , HE Jing”, ZHAO He’ (' Bioengineering Col-
lege of Chongqing University, *Hospital of Chongging University, Chongqing 400044, China)

Abstract. Objective To establish a controllable wall shear stress (WSS) and low density lipoprotein
(LDL) concentration polarization animal model to investigate the effects of these 2 factors on the formation of
artherosclerosis ( AS) in vivo. Methods The left common carotid arteries (LCCA) of rabbits were ligated by a
gel-silica pipe loop ligature with 3 different stenosis degree (30% , 40% or 50% ) to generate different blood
flow environment on local blood vessel, while the right common carotid artery (RCCA) was performed as a
sham operation control. After operation the animals were fed with 4 kinds of forages with different cholesterol
concentration (0% , 0.5% , 1% or 1.5% ) to form different level of LDL concentration polarization. Hemody-
namics parameters of bilateral common carotid artery ( CCA) were measured by color Doppler flow imaging at
8 weeks postoperatively, then the animals were killed to get bilateral CCA examples for pathological observation
and scanning electron microscopy (SEM). Results In the case with same stenosis degree, WSS of LCCA was
increased with the augmentation of cholesterol concentration. In the case of same cholesterol concentration,
WSS of LCCA in 40% stenosis degree group was the lowest. In the case of same sample, WSS of LCCA was
higher than RCCA (P <0.05). The observation of pathological section and SEM indicated there were athero-
sclerotic lesions in different extent in LCCA of all groups, but the lesions of 40% stenosis degree were most sig-

nificant. Conclusion A controllable WSS and LDL concentration polarization model of CCA in rabbit is
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established successfully, and low WSS and LDL concentration polarization contribute to the formation and devel-

opment of AS.
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0.26) mmol/L; TRG: (1. 06 +0. 14) mmol/L; LDLC: (2. 28 +
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WA B AR ADL 45 SR AT LAHEI - 40% Bk %5 BE 1 AS h¥)
FEA FEARPIN 71 (52, B0 AS PEAR %, 40 LDL 7¢
A ST B KB A I I ik 8 A Ak I Ry S A I
RE XTI T (1 SR A KR 3E n , JE J Ry 5 LDL K it 22
I, DTS2 0 PR B2 40 B 1 3 a5k, S ORI e A
R UUBL 2 S AS 78RBS R AR R .
I 1 BRI S LDL ¥ BEAR AL — 2506 AS (T8 AT &
JE HAHDMEIAE o iZsh P S B 45 50 AS 19 1 3
Bl 775 iR PR v B T E AR AR

T R AT R (1) S AR AR B ) S 56 1) St A
JRAR S Z (0 B LR, H i 20 3l ik Bk 25 A5 R 11 ) 4
AT AR gLk sk Y,



5520 1 XA A — R ATEEA TN T K DL e JEE AR A S WA R e N7 K0T Ik ok o 5 ) 52 1985

Tl A SR 0 Ao BB A IR T
DL b7k el 2 alis b2 3t il i A8 N B i A8 BE Y 451403
TR T2 B2 B 5 , DR 220 2 I AR I 807 985 1
B 155 (digital subtraction angiography, DSA) B¢ Il 4
N8 75 (intravascular ultrasound, IVUS) ZE6G M 51k , BE
B I R AT A 2 IS B 7 B (BAFTERR Y 2, 1A
5%, N RERETE VO P L A R AT o AS S rp (A ik
A EF A BRI, BA A AR VAT A0 1078
PIREROE A . 26 RA50 2 ) PRk e A S LK
BB K (14 B A AR IEFE VN 3155 5 N B 20 i TF i
PRI ZR38 1Y A4k S BF AROR s 3 A A S g R T T
AR BOAR 25 5 TR ALER R DU 1 19 07 i, ] LUK
I 0L A AR 29 Bl Dk AR 1 KN I R A
BEOR BYREREAE AR Pe 7% BE (4 o ] S P B BEH
Ko, DTS T35 19 e 78 B2 T LURS B ) 455 . 107 VR AR
FE AT RE TG AT B A B BE FIVBe A8 JBE AT | Hh i
E AR, S — M I TE AR WT 5T LDL ¥R AR AL AT
L) ZAEAEXS AS T FGH 52 MR 8 7 1 [R) Af — el bR
SRR S KA FERE AL SR A 4 75 12

SE k-

[1] Deng X, Marois Y, How T, et al. Luminal surface concentration of
lipoprotein (LDL) and its effect on the wall uptake of cholesterol by
canine carotid arteries[ J]. J Vasc Surg, 1995, 21(1); 135 - 145.

[2] Wang G, Deng X, Guidoin R. Concentration polarization of macromol-
ecules in canine carotid arteries and its implication for the localization
of atherogenesis[ J]. J Biomech, 2003, 36(1) : 45 -51.

[3] Deng X, Wang G. Concentration polarization of atherogenic lipids in
the arterial system[ J]. Science in China (Series C), 2003, 46(2) .
153 - 164.

[4] skiAmE, X8/, BEHINE, %5, ShIHZE IR BUR ST f i ro 2 0
T : LDL Ay BEARAL LR [J]. P E R4 (C #) » Adn il
2007, 37(3) : 293 -298.

[5] fa4fa, i, Baa, 5. P A ool a AR & 1 e
WAL kSR REREALIE L T ). A= B4R, 2007, 59(6) : 831 -
839.

[6] Wei DH, Wang G X, Xia Y P, et al. Low density lipoprotein decrea-
ses the adhesion of vascular endothelial cells in shear flow[ J]. Bio-
rtheology, 2008, 45(1 -2) . 119 - 120.

[7] Deng X Y, Yang Y, Wang G X. Concentration polarization of lipids
and its effect on the lipid uptake in arterial stenoses[ C]//Proceedings
of the Fourth International Conference on Fluid Mechanics. Beijing:
Tsinghua University Press & Springer-Verlag, 2004 . 645 —650.

[8] XS/, XIMIZE, EBt. B A0 T Sk i A P IR BTk
FER AL B ST MLBC RSN [ T ] TH 3 ) 22244k, 2005, 22
(1):25-31.

[9] Ethier C R. Computational modeling of mass transfer and links to ather-
osclerosis[ J]. Ann Biomed Eng, 2002, 30 (4) . 461 —471.

[10] Wada S, Karino T. Prediction of LDL concentration at the luminal
surface of a vascular endothelium[ J]. Biorheology, 2002, 39 (3 -
4) . 331 -336.

[11] B &, Wikd, Bk, %, 2% B 0 3 5791 1 i
FEMEmWT]. hEESZid R, 2002, 18(8): 737 -
738.

[12] Caro C G, Pedley T J, Schroter R C, et al. The mechanics of the cir-
culation[ M]. New York; Oxford Univirsity Press, 1978.

[13] Boisseau M R. Roles of mechanical blood forces in vascular diseases.
A clinical overview[ J]. Clin Hemorheol Microcire, 2005, 33(3):
201 -207.

[14] Apostolakis S, Papadakis E G, Krambovitis E, et al. Chemokines in
vascular pathology (review) [ J]. Int J Mol Med, 2006, 17 (5):
691 -701.

[15] EXM, ZEH4, KR, 2 BURRMG tF & I8 £ 35 103 7] 54
R AKCT K BB KB REREAIE [ ], N R B
i, 2008, 43(4) . 726 -728.

[16] faXtH, £5t%, £ A, 55 YN X S8 RS A= K
KB FERE AL BRSO S m [ J]. P E S REE R, 15(6) :
410 414

[17] Yuan Y, Liao L, Tulis D A, et al. Steroid receptor coactivator-3 is
required for inhibition of neointima formation by estrogen[ J]. Circu-
lation, 2002, 105(22) : 2653 —2659.

[18] Kim V B, Brown P M, Brown P M Jr, et al. A carotid stenosis model
in canines[ J]. J Invest Sung, 2001, 14(4) . 241 -247.

[19] Tepe G, Dietrich T, Grafen F, et al. Reduction of intimal hyperplasia
with Re-188-labeled stents in a rabbit model at 7 and 26 weeks: an
experimental study[ J]. Cardiovasc Intervent Radiol, 2005, 28(5) :
632 - 637.

[20] Durand E, Mallat Z, Addad F, et al. Time courses of apoptosis and
cell proliferation and their relationship to arterial remodeling and rest-
enosis after angioplasty in an atherosclerotic rabbit model[ J]. J Am
Coll Cardiol, 2002, 39(10) : 1680 — 1685.

[21] X, ERM, ZEAEE, 55, /NEURE SN K A A Ak 1 B A A
BIRHIE AL [T]. AR &AM R R, 2006, 22(12) : 756 -
758.

[22] Chiesa G, Rigamonti E, Monteggia E, et al. Evaluation of a soft ath-
erosclerotic lesion in the rabbit aorta by an invasive IVUS method ver-
sus a non-invasive MRI technology[ J]. Atherosclerosis, 2004, 174
(1):25-33.

(23] RIE¥, DEHE, REM. I Ik e/ 57 U1 71 8o 3 H 5
e NI BB AL [ ] 28 =25 RAE 24, 2006, 28
(20) : 2057 -2061.

[24] Kurz K D, Main B W, Sandusky G E. Rat model of arterial thrombo-
sis induced by ferric chloride [ J]. Thromb Res, 1990, 60 (4) .
269 -280.

[25] KB, BRfis, & e, & ROBIIKIERBIYAL[T]. 3
AL A2k, 2005, 14(24) ; 3207 - 3208,

[26] Bpsi ke, NIKRH, 28T, 5. YIRS R SISl ik N B 405
HAHE TFRIBKI G0 [T]. 5 =ZEE K24, 2005, 27
(22) . 2248 -2251.

(w3 R324)



