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TFZE il R OB (F3L) : The present study demonstrated that : T) Exposure of cultured bovine aortic endothelial
cells (BAEC) to fluid flow resulted in nitric oxide (NO) production and up-regulation of intracellular calcium ion
concentration ([Ca2+],~), monitored by fluorescent dyes of DAF2-DA and Rhod2-DA, respectively using a confocal
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laser scanning microscope, II) A two-dimensional (2-D) numerical simulation of a convective-diffusive transport of

LDL in the artery wall coupled with the wall shear stress gradient (WSSG) dependent LDL consumption of smooth
muscle cells (SMCs) resulted in a strong dependence of LDL uptake of SMCs on WSSG for cells right beneath the
fenestral pores, and III) Construction of a three-dimensional models of bifurcations with two different bifurcation
angles mimicking the real bifurcation anatomy to perform simulations of steady blood flow under the wall boundary
condition of a constant oxygen concentration, resulted in the significant alternation of the distribution and the
magnitude of the oxygen wall flux separation at the outer common-internal carotid wall, depending strongly on the

bifurcation angle.
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Fig.1 NO production in response to mechanical stimuli



Emol JEEIZ oW TIE, w7 kaniz
Kotz BEEIZ 690 DT AT 4 v 7 Dish
T 5%CO, FHZRDA > F aX—F—%
THT-o 7. MMRICER Ui, Mif)E o ki
13 0.02% Trypsin-EDTA (Sigma T4799){&#E %
Fvy, IO RN O BEZ 600rpm T 5
T 7=,

FEBRAEE OIS 2 X 2 (2T, R IR
!X Phenol-Red Free D fX Glucose % A 7D
DMEM (Sigma D5030):5H#1 4 V7=, HRIAT:
31 3% AN > 7 (HARVARD APPARATUS
55-1838) I L VT 5. Z oA 7k
DI OIAE NI Y T 2l — 2 26
T HAEEM BN A AT D 2 & A ATRE
Thsb. EEFEHE, 1004 g/ml Fibronectine
(Sigma F4759)% &Afi « UV JE L Z L7 ¢
30 DAFES L — M & T A Dish NIZ AT
%, EBr 2 BATIC BAEC 246 L% 95 2
ETIER L7, 3R, FEBalkh 2 ikiE
L7ZT A REZ v a U CliR T HHE A
Wriis 72 BAEC IZEfd 5. I8 20mm, 53
2mm OHEEREEETHT AN v a v
Wiz, EX lmm OAN—H—ZHFH AL T
N I AT TS, WO HBE « BAF
EHNAEL BRI OS2 f8 L T
W5,

NRAFA A= T ODD NO D&
12— 7Z1% DAF2-DAFE/K AT « J1 423727),
Ca®* ® # Yt 7 1 — 721X Rhod2-DA([F{~
R-002)% Z L ZLH W=, #7 v —7 O
fd~@ Loading 1%, #EY: T2 THEEMIEIZ
DAF2-DA(10uM) 500ul 3 X O Rhod2-DA
(10uM) 500ul, PBS(-) 500ul Z¥RMmML, 37°CT
30 A ¥ aX— ML TiTo7z. A
FA A= BT HES LY —EE
A % 8% (Olympus FV1000) % i V7= .
DAF2-DA DO JEJRICIE Ar L — W —30mW
488nm)%, Rhod2-DA ®Y:JRIZ1E He-Ne L —
P —(ImW 543nm) % Fv 7z,

T2, EROERLIHIC, voAX T
7y MEIC K D REGE T NOS FHELO M
LR AT

$»90 @ Dish ([ZHifdZ £ L, [Alfx B
OE WS AR AV, RE 37CT
120 43f 0.2 Pa DF AW 12 AW L2, &
7o, BEHWREE & pH 2 —EIZRDO 728, fidfn
KRR L RIET A Z s Lz, EAWIS A

%—/ I DMEM
Blood Pump D
Objective Water Bath(37°C)
_———
pt

Test-Section
Fig.2 Schematic of the experimental setup

MRIZ T =22 7wy MEZEY NOS @
IOV T2, NOS XN E AL (eNOS)
L FHERIGNOSHT DWW CRELO A 4 ]~ 7=
—WRPUARIZ eNOS Mouse IgGl, iNOS Mouse
IgGl (Becton Dickinson)%, —XKHPUAIZIE
Anti-Mouse Goat IgG (Sigma A3688)% H V>, &
BIL AP EE Wz,

312, ERFERKROELE FFHEHEAW
Jis/1 1 Pa & BAEC I 5 &AM LT,
DAF2-DA, Rhod2-DA 12 &k 5 —EEELZITV,
HIBE N EA 2 D ALE VT O BAEC % 3% A
THN B EBE L. MR T o
IZHOWTlE, TAMEZ a0y 7 RT
v 7 TFRE T LZE 1 Pa OFAUWIS I
Camsm s LAY 7 b 7 = 7 (Fluent6.3
ANSYS)Z W TRD(IX 4), & D EfHE % i
VAN 7 O RE R RIS EROE LTz,
HOEFH OFER 2K 5129, BARSS
A oML, = o — (AR E
2 L C DAF2-DA OHEEMENRE D, A
Wit HARTIZ LD NO EEASINTWD Z &
Wonnd. —J, B E EFROEWIC X
LR O B R AT A BT - 72 5 o
EERTIZFR O B2 A o 7=, Rhod2-DA 12X
B[Ca®' ] HAAICHOVWTHREET, v br—
JAZHE L CHOEE XA - TV D. Fiz
Ca® DHOLIREE A & NO D434 & DRI A
ENREROENDZ b, HHllE7zZ NO I
FIZ eNOS DIFEMALIC Z W EA SN H DT
HbHEEZLND. B, WS AN
ENOBE - SR E RD 701 Ca®'F
¥ * VL E A T H 5 Gadolinium (Sigma
G7532)% VT, HIRAAEE NS O Ca® i A%
JEWT L TEIZE L=, L LS, BAWS
TERHTH[Ca? ] AR LN Linb,
FIAAN O Ca¥ 2 R 7 226 0 Ca? i3 T
mEEZLND. vz AX Ty MNEEH
W, eNOS, INOS DR AZF7=. Z Ok
HIV, eNOSIZOWTIE, AP etz L AN
YRR ENRTZA, INOS IZOWTITAE
RN Rt & nzeso7-. iNOS DX
NI BB SRR o B E LTL, b

110 mm

Stainless spacer

Endothelial cells

‘Quartziplate z
30
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Table 1 Physiological parameters

f= (6)

Parameter Value
LDL Diffusivity Dy [m?/s] 5.0x10™
Pore diameter d [m] 0.4-3.2x10°
SMC volume fraction F 04
Pore area fraction f 0.004
Lag coefficient Kt 2.00
Permeability K, [m?] 1.43x10™®
Rate constant k; [m/s] 2.20x10°®
Superficial velocity Uy [m/s] 5.80x10°
Viscosity u [Pa s] 6.86x10™*
Fluid density p [kg/m’] 1.05x10°
12
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Flowl W LU
° v=0 aYa)
9 o y=024 I I‘
o v=0.50 A,
x
= o)
_ Q o ?
3 1 1
f=0.004
00 0.4 0.8 1.2 1.6 2

Pore diameter d [X10°m)

Fig.9 Dependence of the LDL mass flux of the 1st SMC
on the model parameter y for various pore sizes.
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Table 2 Representative dimensions of the bifurcation and
model parameters.

Case | Case 2 Ref.
CCA diameter (<a) 1.00 1.00 5,6
ICA diameter (<a) 0.74 0.74 5.6
ECA diameter (xa)  0.65 0.65 5,6
6, (deg.) 23.0 40.0 10
6, (deg.) 25.0 39.0 10
ICA:ECA flow ratio 58:42, 80:20 8,13
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Fig.11 Contours of the WSS distribution over the
bifurcation wall at the flow ratio of ICA:ECA=58:42 for Case
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Fig.12 Contours of the Sh distribution over the bifurcation
wall at the flow ratio of ICA:ECA=58:42 for Case 1 and 2.
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Fig.13 Profiles of the Sherwood number along the outer
wall of the CCA-ICA (top) and CCA-ECA (bottom) at the
flow ratio of ICA.ECA=58:42 for Case 1 and 2.
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