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1) Yoichi, M and Fujimaro, I: Low wall shear Stress
is independently associated with the rupture status
of middle cerebral artery aneurysms, stroke, 2013
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LR~ — B — & OMBIIRE e o 728,
BEOMEIEDY RVKTThDZ ENHESh
THEY Y, JEFEREZHSC L TRAT I LERD 5.
5. #5

CA19-9 B X UNCAL25 [T~ — I —TH DTN
TR, EREERLFCTES AT ERD
MR B G-9 2 ATREME S & 5 .

X ®

1) Chen Y, et al. Int J Clin Exp Med 2015; 8:
4455-4463.
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Fig. 2 Mean PRT at the end of 25th cardiac cycle
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BEXH
1) Takeda K, Matsumiya G, Takano H, Koh M, Iwata
K, Sawa Y, Unusual thrombus formation in the
aorta after apicoaortic conduit for severe aortic
stenosis, JTCS, 132,155-156, 2006
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1) ATHENETR  ARIEROBUIMEER & LA w o—, Z2idhn,
21, 129-134, 2002.

2) Noso R, Kimura T, Sakamoto K, Sugihara-Seki M, Seki
J, : Cross-Sectional Distribution of Platelet-Sized Particles
in Blood Flow through Microchannel. Nihon Reoroji
Gakkaishi, 43, 99-104, 2015.
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Fig.l Stress at the critical shear rate of the
orientation transition and the onion/lamellar
transition as a function of B/H at different
temperature.
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FIEHANAS S VAR —FRFEE T a s T A DERE

NERAIC & AR FREE & BEMRN PKCa BEDER

FHRER, hugAnaLT e, PERERT, TR
U KRR TRF B T [T 819-0396 48 i) 4% [ 17 74 X S ] 744 5 1]
UM RZFERERE TEERTYERE B LA

1. #%8

LA N BRI AT S Lo B, A
T MICER S VRN - RIcEEISRS.
~ A7 v ey MIX AR X MiEN
Ca® BN 5 UJE B OB ZHE T 5 Ca® wave
I, MRS RAGED 1 SEEZBRTNAD,

a7 A xS —¥ Ca (PKCo) IZHIEMICTE
ETHHEREEYWE THY, BIEPlES IS
LTW5®, PKCo T Ca* (2L > TiEMALL, #i
e B & AR~ & BB LA BET 5 2 &
NERANFBC L B2 ERICE > THER SN TWAO,
LU, S5 & % Ca** wave & PKCa DJF)
L% U TV A4 ACRIBFERE L7 FERIT R <,
PKCo D JFTEA T = X KI5 03> TV,

T TARIETE, v/ abe Xy hEHWT
HRARLC ) SR A N &, HIE A N 2 7= AR oD b
HEREN PKCo D JRTEZE AL % Ca?* wave & [AIFEIZB1ER
L, &E5ICHEAIZ AV PKCo BIE(LD A B =X
LB LTz,

2. ERAE

EBTIT Y KBRS I YR CREERS)
ZRAW, 2lmm OHTAR—=RAT 4 v ¥
(TWAKT)IZFEFE L7z, WEZHIAEN PKCo % Bl53 4
5728912, PKCa & H## > 737 & Dronpa-Green

(DG, Amalgam) %A &7z PKCa-DG % 1
L, Hily Max (Dojindo) Z i L Ttz E A%
1T-72. Ca®* % Fura2-AM (Invitrogen) % fV 7z.

gl o - - N o VAR T - o N
(ECLIPSETE2000-S,NIKON) % ffi F L 7=. # YD
[E 22121 AQUACOSMOS (IEIA 7 + =7
) . B ETERRRIE 256 msec (BT L
7=.

HURR~ D ) R T INEERS 7 5 2 Bl & B8
v N7 T —"CHEMEA 3um FREIC/ D L OB
L, v~=a b L—4—%HTHMELE.

PKCa O BTEZAL & Ca®* OREBRERRD 72012,
PKCa ® CaZ & KA A L ERITH 5 Go6976
ZAf L7z, $£72, Suramin T P2Y Z &A%, 18a
- GA TX¥y v EGEETNENHET LT

B~ fE B nE L2 RE L, PKCo DJF
HELZBE L.

3. EBHR

Control RFHIZ 51T 2 ) FRMFITH T D PKCa &
Ca?* O L% Figl 1R T. J17iliE#% Ca®*
VTHRGERALAN B Ca?t wave SHEZ -7z, PKCo i%
Control & Suramin & faf R C I BEBEM I Tl 2 N
Z AN O FEREEE DS U= (ARFD) . 18a-GA -
G06976 FAfT I T I HOLIEIE DA /L & e s
STz, £%MT PKCo O —7 ZHilg LT &
Z 5, 18u-GA + Go6976 £fifiRF T Control (ZH~
AL A YRR 23 L7

X
40pm

Fig. 1 Control K¢® PKCo, (RBY) & Ca? (FE) @
HOAAL, X HIENTE

4. B8R

A Bl DB & J1 RO PKCa D JRTEZEAL
121X Ca?t B EEEEZ HND. £7-, Suramin
BRI LBENR LN LD, P2Y ZRK

L0 bXx v TEROBGESEER L ELONS.

x |

1) Demer L.L et al., Mechanical stimulation induces
intercellular calcium signaling in bovine aortic
endothelial cells. Am. J. Physiol., 264, 2094-2102,
1993.

2) Olga K. et al., Protein kinase Ca: disease regulator

and therapeutic target. Trends Pharmacol Sci., 31,
8-14, 2010.

3) Wagner S., et al., Analysis of the subcellular
distribution of protein kinase Ca using PKC-GFP
fusion proteins. Exp Cell Res, 258, 204-214, 2000
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FEIOEAARANS LA R —2RER Tus T b itk

RIS BTEBER LT=A h /22 L T il

*RITRY: RFEBRESLDZRZER o 25 LA [T113-0033 HURTHL ST KA 7-3-1]
R ERIRT EEEE R AR E LT E] T 321-0293 TAVEEREART AL/ MK 880]

1. %E

MAENEZ —ECE S NEMlaoM X 1%, FLrer
R=a—n T UAI vy =R EDILFIAT 4 =4
=2 T MCERT 26TV IS/ (shear
stress) RCHILEIZEES HIEIRT) (stretch) 72 EDJ)%
HIRIMIC K> CTHMEI AT T D, FHC shear stress
(532 P BRI 2R KB BR AR O TR PR ORERF TN
Z, MIREFEOBISR & LT LT A& S,
MEDVET Y 7 KRB LORIE R L1 b
<BboTWD, BAITNEHIBAEOREE I 7 1 KA
A L DIIRA T DD shear stress RAFHNZPNIEITE ATP 23
it L. ATP {EIMED A A2 5 1)L P2X4 24 LT
HIBAN A~  (Ca™) DRAT B AT ) F TV
REZ Y a HEEOPIEOFTERIR, MRIKEEOME
PR, WEDOYET ) 7T LR E & R LT
WHZEEAMLTE R, AR T, NEMRICE
FBAT s TR LINCT D 2 L2 A
L LC, shear stress X° stretch 23F5HT D H AT 2 &
TN E % U 7 V2 A A TRIEST D L
Iz, WIS 7 DTGB DV TRt LTz,
2. RBAE

t MEIRAN AT (HPAECs) (2331 5 BEEEAH

(lipid order) DZEAVA BREEESEVEMH Laurdan & 25
IS L DA A= ZIETNT LTz, #lafED
U URRE T RERAINE U < B8 Uc ik iikiglc &
V. R UHEEOT LAEAELR L CEBIDEIRR S 41
DFRRFABIAFE (liquid-ordered phase : L,) & 7 /WD
TEEN MG T2 MR A4 (liquid-disordered phase : L)
D ZODFRIRIENAET Do L, 1O LT D &
Laurdan ORI EAS 50 nm Ly Ko7 M54
BIZHS % lipid order DFFIE & 72 % generalized
polarization (GP) fEZFH L, BHUH 7 —FRT52
LT, L& LyOBREEABIZE L=, F7-, dipalmitoyl-
phosphatidylcholine (DPPC) & dioleoylphosphatidylcholine

(DOPC) |\ 2LV AT u—LEFELR RS LTE
FLU T NTARE Z 00 7D R Y — 2B T B [RIEED
Rata1T o7z, S HIZ, shearstress & streteh (2 X % lipid
order DZAbMMAE N EHEFER 125K (VEGFR2) &
I/ SREESEIR 7 (PDGFR) OVEMARI K I E 5028
{ZDW TR % %12, VEGFR2 & PDGFR OV Ui
DT RZ - TayT 4 L IIEC I LTz,

3. ZBRER

Laurdan % £ L7z HPAECs OB CIL, L, & Ly
DNRAE L., FRSHIaBSaZIC L, 3% < JBTEL T,
NRA T D~v—H—EHTH D caveolin-1 DFEBLL L
LT, LA HE—ET B 2 &b, L, S
HRFT DL 725 2 L AR ST, HPAECs |2
shear stress (5~20 dynes/em?) ZAT$ % & BIFEEICHH
NSO lipid order 23D LERWD, L, D L lZFHiRE L
72, Lipid order DI/ 2813 shear stress DK & S(Z{KAF
BT, A ChH o7, —H, v arBoFy o
—|ZHEE S U7 HPAECs & —Hi5AIC 10% B SE 5
5 & . 300 mosmol/L DR 5 200 mosmol/L DK
IRETIARIC AT % 2 12X W, HPAECs #{iR%
JERER S EBICIR 1% 52 5 2 DD J1 T stretch
HIRE A B e L72FT, lipid order 23K U, L, SIS AR
IHER U e, e, NEIRBE 0 AR R Y — AT,
T SRR EE S lipid order DZELSRIBEIZHEL
BENT=Zehn, WBBILTHD Z LHVRENT,

& 5|2, HPAECs |Z shear stress &35 & VEGFR2
3, stretch AT 5 & PDGFR 322y gt
95, HAPECs (2 L A7 —/L (100 pM, 4h) %

JNL T shear stress {2 & 5 lipid order D & FHET 5 & |

shear stress {KT7172 VEGFR2 @ U LI LASE BT
Sz, —F. Mo 2 L AT a—L 2 RET )
XD ¥ % methyl B cyclodextrin - (MBCD: 10 mM, 30min)
OFERIZ XY stretch (2 X 5 lipid order ODFEK AR &
W5, stretch {KFFHY7e PDGFR @ U U{LASBHEC
Pl STz, Z A D OfE R THIEED M BRA I AN
Ntz 3 & F B L Xy B OIEMEAIC AT 5 =
L ERET D,
4. BE

ZUE T shear stress D2 720, HED A
T T FIVROBETEIR SR, G AR AR A,
HHRER & 2 VRN & AREANEE & DB TR o8k
ENAN TIF T 4T A N EOMBaEH, &6
IR & s L7ofifiasth < sV v 7 A THDH 7Y
ANy I AR ED T TA~ D — U T E, M
R ZAFTET D7, MR & A LT o035
DPRESNTE TN DD, FERROBENLEISHEE L T
W2V, ABFEORERD G MAE N EGBaO B
BB A T 72— LTI AIeeER S 2 b b,
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SFRLEREKBORBLBE S FEOBEFRECHRITHN L EE L HEO ZEME
FURBE TR ToERFSER: Sl s % 7 AR

Pl i

AR A 43 BE L7 0 MR~ 4y FiR Rt U7 0 BEFRANCE R 2 W2 0 T 2 BRICE, Wb iiisThic
B D HIMEEICE AW O R RERAN KA THD . B E T DR E2HT 720 ICILRNIE % 500D 5 8RS
HHH, BEI TP Y A=Y B RS 27 55 5. TiE, MR AWRNIC L > THEERZEDLS
EHIEEITEHE, NFENIMBEE THE0THS 502 MO 35k Th 2188~ 7L, g

THEHHLMCEETH D, BEOmMNICEBR TIUEE~ OFE S I3 E VORI E 2 BEE O EiIc k> TEx
52 EbHRERLEDRENDL ) THbH 5. ER EOEMNREEEIILDAA, ORI RFEEERS>Y 7 b~
B DTN DB CREETRLEZ S X T ONMEHT 5 2 &3, IEPHEERRIERIE N F R 0%k
L LTHRWVIZHIF R EEEZ RO

MR Z oy FRER U AN Y — L2 Eidily < 5 RHA S F O ML CHERANICHE S Z EVER B ST E 2R, &
T imt I A R T A R A AT I TH B, AUk LR 1 1S oW CERY SRR
LSS TENEER, RTHMOMAERZHESE L TR ERDIBLEAKRERE L WEE LIRS, L
DL, EORPERIRG SO D FEATIC LY, ISR EME TR EMA 7 — LV CHEmT D 2 RS
TRV, 20X RESRER S 2o, FREIDHEULS FBIHECES BRI E B o1l =

OFER, IBE - TEREAWNIRNICES b END &, ZOWMKESRETH HE 4~ OIRE S I oo,
BAMEENE D BB EE A5 L S SEOFREICES Z L Nbh o7z, &I, WERLEHZOBETIE
JEIFIZ X% 9 0 #iiERs %A L, %0 12T Kelvin-Helmholtz R EBRE N & THEOREEIZED &\ 5 B
S Mo 7.

22T, FERIFEAEGICR O 5 MK AREE TH Y, Kelvin-Helmholtz 72 & ILFAIC L 5 5 HEIE)
REKLTHDL. Thbb, MERLTEHRLITEL TS, BE /0 TBRIZEK L REOWE 2 ICBEE b S Twn
5. LIeno T, ZIUZEEIEDTE ) T b “HE N TEZ D LHBETERWELTHDS. 2L T, A
WAL KT D IEDISA L LT, ETIIMREN T LIV OBMER RS, TN EE e CIEME 2RI LT 5.
AT, EEBOWRTE CIEAKRBERIENRVWIAT A —LRBETYH L. F—FT, HTFiheE
BEARN O N BFEL T, PHEE R TLHRIIDLLLARVO LRBKOBENLETHS. 20O L 5 RETIX
A A FIC BT DML (Coarse-Graining) DOBERHEMTHD. —MKIC, ML TIEXIRL LTENRT —
ZRMHETH DN, ZHUTEMFREIZT T ERFHINSH/BONIHELH Y, RHOIEE L E R Fik
LLTHET b b B2l

[1] I. Hanasaki, J. H. Walther, S. Kawano, P. Koumoutsakos, Phys. Rev. E, Vol.82, 051602 (2010).
[2] I. Hanasaki, S. Uehara, Y. Arai, T. Nagai, S. Kawano, Jpn. J. Appl. Phys.,Vol.54, 125601 (2015).
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BHfilaAEMOEERIG & BBZE

P TERY VAT LHE TS

A B TER

BB T R BRBIC R X LIS R > TV BT, SR A 2T 5 2 &
(A B, ARBRETIE, EEHANA Y OB ST 2 ATE & | 5L MG AR ) O M2
BF ¥ XD 2 JIZONTIRRT D,

() EREMEREYDOMHREIZHNT 51T

7 FIREFARNT AL T L (YUY LY) 72 EOEKT 5 EMIBAYICIL, FEEDIC
W22 % & —BAIC LK L, s L BIOHF RISk EED &0 5 EEWZ T % [
BERCIR ) (avoiding reaction) & WO G H D (K1), Thid, HIZR—AREEZ 5D - T
BRI D O L IFiE, 2RI X o THIBBEAERMICEE L, EBEE (WE) 0ESN%
BT — FI2EI0 B v | pivoting & 9 [EIEESNC L0 Fils L, BEEY &3 5R2 5 Fmic
KEHT L) —HORISIC L - TITb D, BizbD 7 —F 13, BEO MBI HE /R
5878 TRPIL (BZ 6 HMEZAT ¥ 3 v) & HIBlEKE— ROBMEOT S H &2 #HH
T D BAAMRATFIEI N T BT ¥ FILDBIET CAV2 Z[FE L
o ZONAi% RS &, TRPI ZEEORAMITIC, CAV2 Cﬁﬁ%%;
ﬁ¢%ﬂ6%ﬁm“ﬁﬁé&wﬁﬁﬂ%@%%ﬁ%bfwCm%@;fj
2o ZHUE, BETITOND SESERMSEBREL VD — & @@mmﬁ
DDWE T =DM RN TH 5,

253 REF AT, BRMEICAT AR5 LT, ALY l ch
MO ENREVIZE DL T EFICKSHETH S @7 i R O

BHEMES, BIENT LICEE o il 4 EIX T IChiin

THRIRD L 9 RIS DAV TN M OEN TN D, THIZDNTY, FA- B HEEL -
EREERN=HEERNT D,

(2) E%BEMBEYMOBBZETF v

FIBARE DRI EUE L CA A B L2 B < B 8 7 ¥ 2 vid. BERAEM O CIEZ
DHFOREBPMESTZE ZHTH LM, FEEMTERADSFA D =X BTN THHF
R TWD, JFEAEMICEEMNICH D MscL HMZAT ¥ 1/0ix, HIRMERSBIEIC S
B ENTRFIZBI VT, M 23 ik Tension sensor
KICE O BET 5D &< F v 3 i
INTHD,

MscL (35 B i o> 3% 7 % il B
BcEET 2T XTomTRIT D
AT, Fr 2 ORMIC
EfET 23T (KO tension sensor) MRd V. ZDIINA A L FHEILE AU I8 T2 sk

(hydrophobic lock) #fEEET 5 Z L2V F ¥ XN EEZXBND,

Hydrophobic lock :
Cytoplasmic helix
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FBIEAARNAS A AR — RS T u T T 0 - ik

ERABRENEAABRENERFTICEZALIRE

KB 22V HED Rt U, BEH O WBRY Y, Mg &Y, fmiln EBRY, R Y
VAR RERRESRIER [T461-8673 4 RATH K KSER 1-1-20],
VHERREME Z 2 A0 v 2 —, YRREHET — AT v 7, Vo — A v X~ 27 TR A

1. ®E

MEENRE & fENT T~ D Fih & L TEA e HIER &
5. EHE AR 1% (Computational Fluid Dynamics,
CFD) f#T 1L, rZef - Reff oy fRRE CREAT 21T 5 2
ENRTED. 2 WLy fiitiay b7 R Mgkt
M y% (2D cine Phase Contrast [PC] Magnetic
Resonance [MR]) (%, If%& Wrik Oyl & BG4 55
BETHY, TOBKMOMEIZD LN TWD. 3
Wt v R > b7 A MEERIEISTE (3D cine PC
MR) % FA V72 B S 3G I (42 70 % (MR Fluid Dynamics,
MRFD) BT (3 M 5 EhRE 2 ST 5[] CREAT T & D7,
B R~ D5 A I S TU B, MRED fZHT 1, 3mm
DOMBEERRHIE, 7B AREN lm UFTHD
MERHD V. KBGO BRI, MBIIRE R
B OE B 5 FBL L BIRE R AR O > Y
a—BOERE 2 fFOME T T VICHEEELKE 2
FBIHE CH L 72 RREBR 21T\, 2D cine PC MR
EEERGME L Ui CFD T2 J8HEL L, 2 %
R4 fiREE D 3D cine PC MR (2353 7= MRFD g7 1%
FEOEN L A TERE D4 E LTS
B B RIR 2SI 4 & de PN ZE BN IR o I fEAT 00 47 BE
WA ETENENERHNDETHS.
2. RBAE

ARFFENIAF Em IR B R OHGR A5 KilE
5 13-306]. 3T MR #%E (MAGNETOM Verio 3T, 12ch
Head Matrix Coil) Zf# M L CiliT> /112 3D TOF MRA,
2D cine PC MR, 3D cine PC MR #HRf& L7-. 2 {%E5
U I TS5 65 /L & Reynolds 24 & Womersley
BNELL 22D XD ThitE, EMIAZFRE Liz. MRFD fi#
Mrid 3% fE A >~ 7 b (Flow Visualization and
Analysis, Flova)% VT, 3D TOF MRA 7> &
JEAR ZERE L, 3D cine PC MR ODfZAHE {47 & I
TR & s U CRENT A2 1T o 7. CFD fR#Ti, #
v 3 a2 ERLY 7 b (ICEM CFD v. 14.5) Z W, 1L
BIIRE IEREIE A » > 2 124EI L, 2D cine PC MR
ERSRRMICERE LT, LHBGRIERRES Y 7k
(CFXv. 14.5) # AW CHE & 1T o 7. & T T WSS
(Wall Shear Stress), SWSSG (Spatial WSS
Gradient) Z % H U7z, fiEdrfEikz ICA © C1-4 @
RAEIR & E WD, A5 T LD MRFD AT & CFD iR,
2 {5 /L D MRFD fig4T & CFD fi#4fr o> [ THftiH, WSS,

SWSSG DAHEMRE AR L=, £7=, RMFHEE
C Bland-Altman f##T 24T > 7=.

3. ERER

1 ICHHBIRER O MRATRE B2 597, WSS, SWSSG
@ Bland-Altman 4T CTlE, 2 €T VD5 N4
ET VLD b CFD FEATHE S & MRFD ffbT#E RO ZED
ELOENNE otz

Tablel. Correlation coefficient of ICA of model

Actual size Double size
Measured

. Item model (MRFD  model (MRFD

reston vs CFD) vs CFS)
Velocity 0.429 0.671

Cl Systolic WSS 0.211 0.516
Systolic SWSSG 0. 022 0.217

Velocity 0. 469 0.835

C2 Systolic WSS 0. 387 0. 506
Systolic SWSSG 0.301 0. 462

Velocity 0. 744 0.863

C3 Systolic WSS 0. 652 0.778
Systolic SWSSG 0. 563 0. 464

Velocity 0.748 0.741

C4 Systolic WSS 0. 726 0. 696
Systolic SWSSG 0. 309 0. 349

4, ER

2 FET ML, FEET NI HRICEZE
I fFRE & 72 > 72728, MRFD fRHrfs 5 & CFD fi#hr
Wi RO FEE, WSS, SWSSG iR WAHBE Z R L,
Bland-Altman T O 2 B DFEDIT SO E PN E
Mol Bz itz 1CA O C4 FElIIfth OERAL X
D IMERN KNS, EEET LTS 2 5ET L
LFRREOHBREN G ONIZEEZ N
5. %8

2 f5E7 /L0 MRED fATE RITFREET /L LD b CFD
FRNTAE Ao 7o Z L, 22 M5fiRAED 3D
cine PC MR 233U o MRFD fRATI, /B E803 K0y ViR,
FIZ B TE D RMREM IR S 7.

pa: 3
1) Lotz J, Meier C, Leppert A, and Galanski M.
Cardiovascular flow measurement with
phase—contrast MR imaging: basic facts and
implementation. Radiographics. 2002; 22(3):
651-71.
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FBIEAARNAS A AR — RS T u T T 0 - ik

ERZAVFAMBEIAY PSR MESERZORM S RED
BAXARRAENEZRBTLEABERENERFTICERALIRE

RE SRV, RBEH WRRT Y, A

2307, R mEEY, R R

V40T B RKEGLE LRI IERL [T461-8673 4 BHiAUX K3EmM 1-1-20],
DEHRKFMWE = 2 ADMTEE v % —, PR T — VT v 7, Vo — X v A~V AT TS

1. ®E

Jibd Bh IR B8 0D & A= L2 1 BE BT T /) (Wall Shear
Stress, WSS) 2N #9-7% . M IKENERAT DO Tk L&
LT, ZREVFME=a > b T2 MK ILETE
(3D cine Phase Contrast [PC] Magnetic Resonance
[MR]) Z& H W 72 B% 5036 08 3 /8 77 5% (MR Fluid
Dynamics, MRFD) fi# #1 <>, &t & Wit &k 1 %
(Computational Fluid Dynamics, CFD)fE#r3& 5.
MRFD fRAT (XA IRE R CRENT 23T 2 2 23, REEEAME W
V. CFD f##HT1Z 3D cine PC MR 7> 545 & aL7- ik i
MAEBERSEME LT, aryEa—FEREICL 07
BradTo. FHRICHEEA 252, @2 - Kk
DIRRETIENTZIT O 2N TE S, AWIED AN
1%, 3D cine PC MR ODWERHSIAFHEAS MRFD fi#dT M OF
CFD fiffTIC G- 2 2 B A Mt T2 2L Th 5.

2. BEBAEZE
ARFFRIIAFAEMMEE RS ORARES T UER
51 16-305]. i, BEBENOA LT A —L K 3
vy RERAG L. 3T MR 3EE (MAGNETOM Verio 3T,
12ch Head Matrix Coil)  HHWWCTHEFE AR T T 47 6
£ ORMIMAE T 3D Time of Flight (TOF) MR angiography
(MRA), 3D cine PC MR %#%f4 L7z. 3D cine PC MR @
IRFE 45 fRREIE Number of Segment (NOS) DZEH|Z L -
T4 3lms, 63ms, 93ms D 3 J@ Y THL L7=. MRFD
AT CIXMLFRARENT ~ 7 b (Flow Visualization and
Analysis, Flova) Zf# /L, 3D TOF MRA 75 & TE
KEVERL L, 3D cine PC MR 2 SioEEREG-. 4%
RT T 4 7 ONEBAR (ICA), RIKAMENR (ACA)
FPORAKENIR (MCA) O, W A7, Wi et
ARG L, WSS Z&H L7z, CFD it Clm& ik %z,
A v 2Bk 7 b (ICEM CFD v. 14. 5) & VW THERES
A2 THEILT-. 3D cine PC MR M BAELNZH
HWIHRABERGMEE U, PURBGRMEYT Y — b (CFX
v. 14.5) CRELEATV, WSS Z3Rediz. ik, Wi 7
VO, Wi o ClE, NOSI OfE & FRUEE & L,
NOS1 {Z%f9" 5 NOS2, 3 AR RAZEZ B M L7=. WSS
DOFFNTRI GO AR & 5 ICA @ C2 fElk & L.
NOS1 "T? WSS O il & FLuEfE & L, NOS1 12k 4
2% NOS2, 3 DfExtRAZEEH MM L.

3. REREHR
AT T 47 1 DA ICA Dt & MRFD fi##T D fik
PE2X1ITRT.

9 —&—NOS1:31 [ms]
_8 —e—NOS2:63 [ms]
L7
2 —&—NOS3:94 [ms]
£6
Ts
24
S
EE
]

52
2
1
o
o 0.2 0.4 0.6 0.8 1
Time [s]

Fig. 1 Temporal volume flow rate of right ICA
obtained by MRFD analysis (volunteerl)

MRFD fi#4T <G > NOS2 0D Ui 1] o> 48 b 7 4 1
8. 2%, Wi F-IuiiE 8. 5%, Wi d5c i i 9. 6%FRSE
Toh-o7z. NOS3 TOZI DI 18%, 14%, 17%FEE
Th o7z, WSS OFERIL, MRFD fi#dr & v CFD fifhit
DFFHINOS2, NOS3 & b IZHXIFRZAE DMK A - 72,
4. EE

IR R RE DM &b D B 2 21T 0T <
720, WK CUR R, MmO, T A v O
H, WSS AB/NFEM SNz & B X b, WifiReT
D WSS Ofb R TIX, CFD fifhr oI5 3 22 -
IRF R 43 f HE CRRMT C X 5728, MRFD fif#dT X 0 F%t
MENMEL oz b B X b,

5. ®E

3D cine PC MR ORISR ZAK < 92 LU
ViLhE, Wi, Wik, WSS 2ME T2
%, MRFD T, CFD fiRT & 612 NOS2 [LN0S3 J: v 2%
WHIRNT Lo T,

SRR

1) Lotz J, Meier C, Leppert A, and Galanski M.
Cardiovascular flow measurement with
phase—contrast MR imaging: basic facts and
implementation. Radiographics. 2002; 22 (3):
651-71.
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F39MAANS A LA R D—FRFES Tus T L ik

MRZEZAVERNEDBERRMHERENEFENICELITALT
—YaAVICLEOIMEERDKESLREBOLEENAEZSEE

AR KDY, BEE RRYY,

B, PR RERE®, SFm B

I £23®, ke A®Y, R KD
Vg d RS KFEREZRIER [T461-8673 B L4 HRE MK AEE 1-1-20]

O ERKFEME 2 2 AD R Z—,

VIEARERIRY PR UG

TSR GERE A L B RBEE, OB T T v s

ORI ERY HRELIEER WREREY

1. #E

WIREE DR, K, WENCMREIE DS B L
TWbEEZLNTWD. MFEhREE M2
1% & LT 3D Time of Flight (TOF) MR Angiography
(MRA) 7 — % % L& 4K, 3D cine Phase-Contrast
(PC) MRI T b7 Fitd i 4 AR 3L i
77 (Magnetic Resonance Fluid Dynamics, MRFD)
Z1T\>, MRFD » 645 b iciim & R4
V72 MR-based Computational Fluid Dynamics (CFD)
fight V23% 5. MRFD T2 U DB, &
T AT = a VEEOMEROKE SOEHC L
v, BonsATMENEML, ZNEEREELET
% CFD figttr OFERNET T 5 rIREMEN 5 5. AR0F
e HMIX, MRFD OIMEDE T AT — a3
DEMICEDRBEOED N EEREM LTS
MR-based CFD i 12 5 % 2 8% il 7
7Y PLAEAWTHGEET 52 L THD.

2. A&

A FRIARFZOEMGHREESOAKRE/H T
% GKFRE 5+ 14-305) . PNSHBNR % 22 8 Bh Ak 25 6
I TR % 7> 70 sk Z D 3D TOF MRA 7>
57 =Ty 7B Y 7 b (Flow
Visualization and Analysis, Flova) % fii f L C % J&
WEERL, vV a— WNnE 77 b aaE
L7, TERRLT=7 7> b oz W CHERK %
KA, B N ORI O 7 B & B w T CIERR S
A5 3T MR #EZHAWVWCTY 7 FAD 3D TOF
MRA, 3D cine PC MRI Z#%f% L7-. MIP (4% %%
124 5472 3D TOF MRA 7 — % % Flova & iV T
Region Growing {6 CE 7 A F— 3 v L,
Marching Cube 5 CIME IR EZER LIz, £ 7 A v
T —v 3 OBfE% Pixel fE 125, 150, 175, 200,
225 (A b &, MESEOMtAE Lz, fifrE
13 Pixel £ 175 RN CTH D LMW L= ol
% Pixel i D IR % CD-adapco £ SIHL FH ZAE (AfiAT
71275 I STAR CCM+Z W T A v ¥ = OIERK
X CFD f##T 21T > 7-. CFD AT OB R E&ME1%

B, Do— R AV 2T RS A

MRFD TW®D X 9 ICHUfS L7z, WMABERGME%
Pixel DR & BUfF U Fil, iSRS
% Pixel DR B BUS L 72 It Hi it 7 D Sy fic b
LRk LT, EYERY 723l & L T4 Pixel o CFD
FRHT 5 T DO AR, Wall Shear Stress (WSS) 43 4i X
% Pixel fH 175 @ CFD fRHT#ESR & bl L7z, Eh:
B 723 & U CRTRIMENIR, P RIMENIR, PNSEE
IR, BhURRE D22 [E] ) WSS ZHH L, Pixel f& 175
@ CFD fRITiE SR & OFREREFH Lz,

3. BE

MRFD O & FEIREEERF D Pixel B0 & 77,
CFD iR RO FEARK, WSS A KL, fEhra 2
i Td D LW L7= Pixel € 175 @ MRFED D
& V7o CFD T R L Pl 7ot m L. &
7=, BINLOZER ) WSS & Pixel fE 175 @ CFD
AT R & DRAZEITHY 10%LL F & 725 7=

4. ER

MRFD O 7 AT — g OERMEOEWIZE
LDMEBROEMN D> TH, ZNEH W
MR-based CFD D HiEARIXI<> WSS Z3ARIXl, 22 -1
WSS ICKRE RN RS T2DIX, BT AT —
v a Y ORFEOEIZS U T, iEmNE{L L, CFD
FRET ORI LT R A G IC o7t B2 DR
7-.

5. &8

MR-based CFD I3 52 44 % K b 5 MRFD D 1fi. &
BAROEDR B> T, BRI LIS 25 R 4%
PGB D T2, CFD fRNTHE RIS K IE 3580
INEWEEZ LN, O EDDIRNTE B
S>ThH, BRICRIFTEEINIIVWEZZ LN,
6. SEH

1) Isoda H, Takehara Y, et al. MR-based computational

fluid dynamics with patient-specific boundary
conditions for the initiation of a sidewall aneurysm
of a basilar artery. MagnReson Med Sci. 14, 39-144,
2015.
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539 [0 AL A LA n U

Fm Tnr7s - Pk

ERFTIVORACMBEIAV PSR MESEBZEZE AL - RKNEIR
BoMmMBEHERFT (HFERAEINFELDOHE)
HEOEKY, BE O BRRQY MR HEEY, Fm HEEY, NE SR©

B/ TEY Mg £x® Kk A#%®, 8l WY, Marcus Alley®
WamRKE KFREFRER [T461-8673 EMIL4 HR IR AR 1-1-20]

DL HRIFME Z 2 ADHTE L X —,

DEARERIE EAEAHB R B AR

4”""Hﬁmj’ﬁ Wikt 1 U, OF BRI R R

EERVA e NS T L Ty S S

T TR PER MR S,
1. #E
MyRERBIXEI RIS D Fs 4, B, AEZUCBItR L
TWa EEbNTEY, MEEIREL EfMIZFHNY
L2 EFEETHD. MmBEEL MY 5 kL
TEWL T R b T A MRS D
cine Phase Contrast [PC] MR imaging [MRI]) % ffi
VT2 R AR B A 7% (Magnetic Resonance Fluid
Dynamics, MRFD) "3 £ B &1 TV 5. A#FZE0 B
913 MRFD OERIRISH % A48 L, MRFD & FH50R
K 71% (Computational Fluid Dynamics, CFD) fi##T
MHELNIFEREZ LB L, MRFD ORSE & 5t
THIELETHD.

2. Hik
AHFFEL ;UIS%ODE CREEE = a0 BTH
D OKERES 1 15-302) iftnﬂm A7

F—b Rartr baH. 213 3T MR EE %
FAV T 3D Time of Flight (TOF) MR Angiography
(MRA) }% O* 3D cine PC MRI % JiiifT L7= 7 JEHI, 7
Bk & x5 & L. 1554172 3D TOF MRA OF
—H HT =T v 7RI AENT 7 b (Flow
Visualization and Analysis, Flova) % F1\>"C MRFD %
1T-7-. %7z, Flova &L Y CFD T %47 5 7= D
MmERIRE ST,

BoNMERKE ANSYS #H 2 v o = Rk
Y7 F ICEM CFD # W THREEDT h T A v ¥

2T EIL, AL BGRIRARET Y 7 N CFX %
F\, CFD f#ti 247 - 7=. R SM1T Flova KV
5o TIEGIEA OHENEE O EZ R,
BEREME BITERE L.

TEMER) 72 BEAN & LT, A E B o0 UG ST IRE 0
MRFD & CFD fi##7#& % Wall Shear Stress (WSS)
DA, FERKOFMEIT T2, E2, BIREN
BT D MR O TT, BEVRA & BhRE ~ D i
TONY G, MDA ESE, iRz
1B WSS fHI 2 MRFD & CFD it S Chilz L7=.
EEAZREHE & LT, MRFD & CFD T SRRl

BRBALT =T v 7, VR LERSE
ORG T g — KR EER B HF

KIMEIR, FRMMEIIR, PISHEIAR, BRI O ILHE
o2 b WSS o H B R &
Bland-Altman fig#r 247> 7=.

3. ®BE

TEVERZRETAI CIEL 7/7 BTN O, BB
fk2> S BREE~D MDA FFn—E L, 6/7 6T
VAR WSS Z3 A [, iR DML ERCE, Wik

DK WSS s A — 2 L7,

N7 MVITHBRED 0.5 LA EE 2R, Hig
(1 BVVHBI 2R Lz, WSS IR RIMEIR, Bk
1% 02~04 BRI LB FE X PREDHM L 220,
PERELRIT 0.4~0.5 FREE, PRIMEIIRIT 0.5 Bl 1
L7272, Bland-Altman f#HT CILEENZ b LIE
RO, WSS IZEE ERY onfixkRL,
MRFD & CFD fif#fif D ZDFEIX 0 &1 572 o
7.

4. E®R

MRFD & CFD it 0> WSS 28 E RIS — 5

L7ahro 7D, WSS DEH 557 MRFD & CFD
fijRfr TR D Z LR, ATRMENR & BIREE Ti
MRFD OZEM G REENR R+ Tholzleb B %
D AL7=. MRFD & CFD B At 5 T D 4172 PN D
WROEEE~Z R v, WSS OFHBILREN @ Ml &2 7R
L7=0DiE, NEBINRITHAHICENR K<, MRFD
ZRWTHEESS WSS ZE 3 2 ORI T
DI RER Do T2 2B 2 bz,

5. %8

WSS 4347 B RV B 0 e L 70 3 AT IS, MRFD
L CFD fBT#E R TR ITWIZZ & A5, FERBL

{28 T, MRFD FEMEMFMICIEHTE 2 &
Bz oz,

6. BEXM

1) Naito T, Miyachi S, Matsubara N, et al.: Magnetic
resonance fluid dynamics for intracranial aneurysms
comparison with computed fluid dynamics. Acta
Neurochir (Wien). 154,993-1001, 2012.
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HAMIS A MBERREFORISREICRIETTEZE

Ol &, NLERE™, BEXEH, NR =* BEHEE" WRES™
*PE R AT A WIZET [ T 305-8564 IR < 1Ttk 1-2-1],
kU B R R R 2B B T2 JE R [ T 278-8510 T2 W B F i (LIIRy 2641],
il 5 R R KR TR 7R R [T 657-8501 45 i X /< H A AT 1-1]

1. #8

BEERNEBRBERGOBBED —oL LT, H
MIEAR TR SR TWD, @OiER
W, MEERHT 57200 25 LT A [E
RS EEH TR 5 720, L MRER v NI
IEEE A B RAET D, E AR X, i
EREDS RS S D08, — TR D IFNT
HkT A2 B bho T3, Hxlx, ZHET
WU VIR E LSO # i & sk & LT, &
AW T DI AL - TR A I &b 2
EETERMICHLICLTEZ, LrL, PO
EORHAMIS N, EOLSBRAI=ALT, £
7o & ORREE O fde Z W5 2 5O E BA L 6
CTEIRD 0T, Zhu, MREERHE K-35 %

BT 5 7 ORIEA IR OFHIF v | Tl ) |

Eh i O MIREEREIKR 1 &+ KR LignZ &
WS b D EBZ BT, £ 2 TARIFFE T,
BRI 3% > b C itk e [ K] - DM 2 IE LS E
TEH X9, b MiRAREBRMKE LTHER L,
FTEARAO LA A= B LTl —
EOW AW ZART 52 & T, EomikEEHE
RS ED L S I LT B0 %
Nz, TSk, HAWNEIZEE B iR
ER 28T L. ABIS D2, Mk EEE R
E%x EOBREWNHT A2 EEMICHLNCT D
ZEEAME LT,
2. RBRARE
REBRTHEH LIV AA—F (L2 b
LA P7 A300) 1, AT L ARONGER X
OH T ABOHNR NS5 ZEAFNXT, SMERN
FHZT 5 LS ATHD. 7 U@ N U Ak
TR 0.32% CHUBERM L7c b Mg a Bk & L
7o AMA DR EEREICE Y 35 2,880 O A
WrkE ¢ 3 BiREEIR S5 2 & T 2 oRBR MK
WZE AW &2 AR Lo, EABATR#Z DMK %
O HEE L TR Y L, Z oMz onT,
PAPSEY - AR Ird Vg U e RS R = B N =S i S
(PT) | 36 & ONPIIRI R 8 [ S s % S92 I HEA LD

SRRy RT T AF UK (APTT) 23 L7z, &
7. MIREEMEZEXL, XTI, X, X, VI, VBLOI
K22\ T, ZRE N D MEEEE K DR Z I
F3< PT B X OAPTT OIER & ##I L7z,

3. EBRRERKBLUEE

2,880s"' T 3 Ml O8 AW ARTORIE T, PT I
9.3%, APTT |% 12. 1%ER L7=Z &b, SMERE
FUOWNERAREE S & HIio, REAWREIZE -
TIRISRE DK 10%0H S Z &R 52 L 7
STz, —J7. PT % W3 2 itk e [ 55 VILIK - D X
212X D PT OIER, BIOAPTT % K3 5 ik
FEE AL, XI, X, VIRFDRZIZT LD APTT DT
FBRONED 5Tz, #-o T, b O ik
T 1Z. AW I ES < MR OMENT I
B LTWaRnn, HH0EEO T/hane Bz
LTz, —J7, PT B XL OV APTT DIl & Sk
THMEEEEX, V. DRFOF T, MikEERHE
BEVRTFORZHN, EAMARORI% T PT &
19. 9%, [IEEIC APTT % 17 4%ER SH7-, Zh b
DIEEATRIT, MAREEEE VIR, FAWIRT)
W&o T, MR EEE RSHHNIC R E <BS5- LT
HZEERBWHRL, FRLE LTPTRBIUAPTT % |k
OBV 10NERE SEHERK ER>TWNDH I &
Nhnolz, MKEEE S VR 7R, ARSI
Ko TERMIZ & D & 9 1 Mk E s 2 BLE L
TOBDIEOWTIIA B O E 72 D2, BB
TIE, 4y 1 333kDa OFE X > X E T D IR EE:
B VRT3, FAWIS I K > THEEZE L E Sk
L. o migEEE R T L OfEAENTE P, mikk

BEREC AR EARETR TE R 2D 2 LT,

MARFERRAIH SNDH D EE X TN D,

4. BH

2,880s™ O AMWHEE % & MIFKIZ 3 KEMATR
T2 LT, HMASRERRE OG5 K OB KSR EE [
JEA) 10%PAE SNy, ZDOA =K E LT,
SMAFR B L PR FR Ol R 5 & 4 5 ik e
EHVRERFOIEERIH SN D Z ENRRTH D
ZEMbnol,
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FIEBARNS A LA RO —FRES Ta s T A Pk

AR S RROBVNMERRKIZE X SHEEORE

IARGHE ™, IUARRER™, BT, SfEER, MELA, HRERE
* BAGHKZKZGE TWIns [T 162-8480 B AUERHTE XA AT 2-2]

1. ¥%E

FHOWBRBICEBRL TWA, —JF, miid O
OMUFEIE & W o T2 B OHEZ 5 Sk Z R &
5. BIENOa Ry ¥ EF o —7 ORI
DR END Z LIFEL BN TWDER, ZOfif
IS LTV, R RGBT & BRI 12
WAL T D FEOHSIIZ LY, MR & RO
IR Z &R/ 2, mAeRREmE, £7203,
TE MR EMRONCL < T B EREBEEROXRGICH
HC& 5. AW TIEET S E 25 E (Optical
Coherence Tomography : OCT)% N Ta 37 ¥ D
T = O EENMARTE AU ST T B A BIRT D
ZEEEME L.
2. EBRAE

RERAHS (222 K FEH O — KA L L, n—F
R, RVvLzoflaxy s, KEELE &
T A MERY 7 L2 CBONE 12 mm DF 2 —
T CHER LT, FEZEIINE 6 mm OEEMAKRY
Bkt =L Fa—T7 THERELE. RBxtgaxs
AN 6 mm, AMED 8mm OT — NEa xR T X
L, R—DOBEOWMNT 30 DT — N L% i L
IR FEEOEZED 100 um DT —/NFa Rk
X2 fEEE L. Mk &I 100 ml/min, [RIEENE
1Z70 mmHg & U7z, [EI#EA T S0ml & Lz, Bl
£2121% SS-OCT FADH A A 0CT & Av e, ik
Pefibi ik MPC R Y ~—TCa—7 ¢ 7 L1z, BF
AX¥OE MaBZ B OKRBEH TIT - T2 (K
REE £ 2015-212). ~/8 U ERNICIRPEA LG
MK 160 b & L=t b MigEREIEICHAL, 60
SRR L7e. JRERBIAAN S 10 DI 2 R 7 i
AN E T 2 — 7 OEERHNLE a7 X L T
2 — T OEEEALO 2 D ETE Z L RE L.
3. EEBER

PEERBEAA, 30 4y, 60 4y TO MRS R % X
LIRT. MRIFAATRLESY THE. T—
I R ZDOAE Tl a R 2 OREZIH - T
MARRTERL S 47z, FHE Tl a7 Z el i
FE LTRSS 7228 30 29505 60 4312
O ERE O g8 Lz, $£7z, WMAEE
W TR AR O 5 N MARTEREN SN2 &R
Gnol. T/NFaRs ZOWAETIE, =X

PRBR
AI%H%%@,m@&%%?é@ﬁ%%d%\ﬁ%ﬁtrp

30 4

1%
RIS 1

— iR

60 53 1T mm W

— [

b) T—Faxs ¥

I EESREREAE L, Fa—T ONEEZH - Tl
AR S, TO%axs ZEEZHR > TREL
TWBEABESNT. WMHET L% 254
AR E LBk SR, T0%T 2 — T NEEIC
Ho TFWMNCEERE LT,

4. R
WIFNOEMGTH, ax 7 ¥ & F o — TR
P AR AR ST e, Sk, #Ekt
HOBEZEICLDIEARPHELTNDEEZ LR
7o, F, T Mo xR X TR EZERIC
W2ET 572, BECH» TR E LB 2
LD, —J, T NFaRX I TET=2—TH
BEIZh - Clike 3k L7z, Zhud, 7—N2 &
LHNOFBERFE LD EEZLND.

5. &5

AU LD, ax7 XK - AT
Fary ¥ eF a—THENL OB R & LT
BBNTERRSIND Z Evbootc. Eiz, TR EFALO
ERMARDR RN 5.2 5 Z LR Sz,

i
ARFIENL, BESESEARIERN  SEAAF TS - Fon

SRR AR O BIFE 2 IS D PERERBRIENLTE D T2 O Db
TeD AR AT THT 2T
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3DTY VAR EEFTEAVTERLEZRDIARY TD
& REEE(M

PO RHIERE™, MRFIES", EHEIKE, /hERsET, Julfg*

B, ARG LT,

RA p 2, AR

*PEREBAMTHEOMIZEAT [T305-8564 ZRIRIRD < 1XilEA 1-2-1]
FORRIRE ST RSB RHERE PR TER TS R KRR

1. #¥s

TR T ORI T, A TR0 —
U7 EOWEIEIRORE bIE, BEERERGET m e R
D—oThhD., ZO7atvAZBNT, 3DFV %
B EMT A RN WD V2 2 RME LT, IR
E—E LT, 3DTY XTI ER Uiz iR
7 & BTSRRI 10 /ER L 7o AR 7 (i
DR Ll LT

2. EBAZE

A ZmbAR 7 (RLERTH#4L8 HCF-MP23)
DAFHIDTY XL VEIEL, FimklsEH
ERAOCCEREASZFHILE. A T 28hor—
TRV TVL, 3DTVUHRTET NV
TERLU7=, 97, PHRIBICEEE L C, N7 OER
BRI L7, 22T, ARCFIIER v Mz
2LV AT H 1 EIFFL WD, [FRHZ, £
Nz B EFHNTA ST OEERAEZ I L7z 2.
[EER%%IE 1,000~5,000 rpm, i & 0~10 L/min & L7=.
WIZ, AR A VWO MaRATT o7, EI0E
100~300mmHg, FEEiT 4 L/min, ARBREHIZ 4 R &
L7z, B OA 2T 2 HWT, REEOFERZITV,
BonifRe T Lz

3. EERHERBLUEBR

3DTV U ZIZK YR LizA T 1 L O,
DA _RTOREMEIL, FNENBLZ 05 um,
0.02 um TH Y, R S I 20 ELL EOZERH - 7=
INERRL, 3DV HZRTET DL R
B, WROEMEREAE TElo7-. LosL, %
DL SYREETH -7 (K1) . Fz, 3DF V>
LR TETNORMENE, A T MEREETH D
77100 mmHg, 200 mmHg O, BRI
BOZNEN1AE, 3ERETHoT. L 2AD, A
AT SRR T B S 300 mmHg DOSMETIZ3 D
TV AT IVORMEE, REOVRMED 188 5L
olz (®{2) . ZORFRE LT, AT DEHEN
EOZALHEE OB EIML, 3D7 Y 4
W2V LizA T DRERAEOZE LA, H5ho

A LT QEENEOEIL Y b REWZDHTHD &
Ez bz, T7bb, 3DFY UFETIMTLY AL
o LToA P _XTOER > M2 SRR LD
BRL, 7= 7RO Ry Mz ERs BT Lz
ZEN, WEDOHEIMOFKRTH 5 Z & hbh-oTz.

4. #5

3DV X, IR 7 ORISR
TEFEEMGRT D T2 DDHT172 — N Th DD, %
MAFPEDRERDT-DITIT, RSP L o868
IZEE LT US7e 72202 EdbhoTz.

NIH (g/100L)

Pressure head (mmHg)

Fig. 2 Comparison of hemolysis level of pumps in
different pressure heads.

i

3DTY U HIZBITF DRI TE, ZIRIRT 3
Btz o 2 — U F R T2

x m

1) Golding, L., Smith, W., Horvath, D., Medvedev,
A.: Rotodynamic pump development. In Rotary
blood pumps, Matsuda, H. (Eds.), Springer-Verlag
Tokyo, 2000, pp. 47-56.
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BBYEARNAS A LA R —2RFER Tus T - WiEg

BREKCAZEME LD FHABEEICm -
F5 0 A& b ifn 7 BR 0D BRl 3

R ACH, m AR, R Rt BAAR B

THAK Eh

ANBR BEEDEE Mg AR, REF ORI
* FRREAKY SRR TR RE A LI [T 162-8480

HO AR E XA RART 2-2]

RO ERRE Sl A R AR SRR
UBERBAE EFE 7 U FR b GRS

1. #§

AMFIETIE, Mg > — MRIZEN U7zfia s —
OB IC & 0 ARSI LTRSS L, Bl
1R A RO Z BIEL TV A, ARNIZENT
FERRA VI 7 AN E 0 KD S, BRSO
DRI S TR Y, ZofHaNaix 5 Ll
RIS 2. T DT DA TR A BET 51213,
Al S — NNICHER R A 38T D B RS EE L 72 5.

Z ZCARFIETITEIR & BRO L —T 3B 0, BT
DR S 12578 % AT LS R ORISR & BHR L
7o, BRI L U7 AT, b PN RCRIE R
5Z LT, b MIBWWHE R EREERNT %
HRYE L, BRI bgethomat, KOt MiENEGH
eI L 2 WEAL SR DRt 21T o 72,

2. RBRARE

7 v N O E (=T mm, L=20 mm)Z Bk & FHAROHE
BRHPIC D K O I, BIRMAR OWEER & 0 HER
ML AT > 7. Wi 25 ul/min C, £9°4CTIZBN
THEMIKZE 15h, HEOT25CFIZBWTTAFT a—
JU Na % 4 h, 42 37°C FIZHW T DNase-l % 3 h
WERS 5 2 & CliAma L7z, A ORIAD HE 4
{5, Hoechst Y(ilZ X D OERERILE, K U'DNA £D
HERE T X 0 AR AR O HEHE Daiii7=3 7208 9 2
P 5 2 & T, R RS O AT o 7.

£7-, DA EIFEIC e NP R R & B TR,
WEGREEAST 5 2 L ORI LARRRN IS 2 N d 2
ZEERAME L, MIROERGIEORR AT 72, B
WR—J7m07> 5 DI, THIREHOI 5 10175 & DFFFED —>
DT T a—F THEULE R

LUk, & ToOMFERITHE R L T ERT B R
MPIEBROEH GRKRE S 15-26) &3 TIT-7z.
3. ERER

HiffE#% PBS QLE D 70 Control, K OiHifa(L #
DK DNA BEORPER R EEK 1 17T
(Condition 1:DNase 2x10*kU, Condition 2: DNase
2x10°kU) . BEOTHEBIES, DNA RORERHE X
D IEAER ST O L AR TR 2.

EEEEZOMEMOBEMERLY, WM
MOREE CEREEZIT) 2 LT, mMEZNK
fbsEsZ LicpaLie (M1 .

Table 1 The amount of DNA in the tissue
Control Condition] | Condition2
Average | 122.54+11.2 | 13.3%12.1 | 19.1%£15.8

Fig. 1
intestine. A) Microscopic observation of the vascular
structures of reseeded intestine with GFP-HUVEC. B)

Cross section of reseeded intestine stained with CD31.

Histological observation of the reseeded rat

4. BR

LA CIC & W 2T Tl tho 2 o8B
WINPT HE A=V EZIT, BifFROa %7 Ve
UINELS AR DAEIRE N BT 5. e Dlcd,
BEFIRD 5 B —J7E 0 b OANRERE T, W iE
NICHIfZ EFZ S ZENHLVWEBEZOND.
5. #&8

AR SROERIRIG F FIREZR A IR OBRFE A BN E L
AL, 3 7o BURAR L% OFRRRN A D PN R L 35
TV, 7 v MOFEIZRBW T ZHUSHEh L. 54,
BRSRE B LT, R —AT v 7 LI=7 2 OE
(@=20mm, L=50 mm)% FH\EBREZAT 5.

x B
1) P.W.Carpro, et al: An overview of tissue and
whole  organ  decellularization  processes.

Biomaterials 32:3233-3243, 2011.
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PFG-NMR (= & 2B &7 LT TOKOILEEBIEH
NIRRT, FHEAEMT, TR, BT =, EHME, FRME AT,

R

*HE R R GRS B T A 2R 1-259 1292 MRS HiAE4 B 4-1-1]
”ﬁwk%k%hﬂ%ﬁ i
R YRR E R M ER R R
K YR A HORAE E[ T 108-0074  HURUER HE X S 2-3-23]

1. #5

RGNV OREL T2 7 ALS M 72 EI2BET %
WIS EE N BT CTHHLEL éﬂfh\é EHEHY .
L OWEN LI TWD, —RICARTS VE
FFS1 2 P E LT U —7VEIC & 5 kLR
T VRLNEHELRIE R ERM LN TR, BHOT
JAF ¥ —EREMTFT D, —F T,
NMR (Nuclear Magnetic Resonance) ® X 9 724y %
EHEBNT 25 X 9 2 FETORSIHEIZEE T 2 #H
Hixd i P REFFETIX, PFG(Pulsed Field
Gradient) NMRiE Y% V5 Z & TR DKL
BHS 2 EENT 5 Z Lok AR
OF TR ER/RD L EHBET S,
2. ERAE

BTNV OETIVE U CEIEZRIERZIH O,
TIROFH KRG Z /37 jG# %) (b~ 7y
T LK RN Y & LTONZ, 8027 CIaAIR S
DL THEERB Uiz, —RIC, 12A30 OREERN
ﬁﬁwmiofﬁﬁw%ﬁx%k~ﬁﬁm¢5:tﬁ
HHNTND, ZDT=, AHFIET ’ﬁ@@%ﬁ%
omegow%\it\mﬁ%m%m 375 60 47
OMTEbIH, ZNENHET o7, WEFE
121 Stimulated Echo 12 2% FAV . /KOS IRE R
E LT,
3. EBRRESLUEE

X 1R T EES LT H-NR 227 kv
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Fig.1 The effect of glycerol on the time constant of the solvent
transportation from the mechanically constrained agarose gel
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Fig. 1 Typical example of PECAM-1 accumulation
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Fig. 1 Sectional view of the arterial model.
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Fig. 2 An example of the arterial model deformed with

wall surface pressure (unit: kPa).
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1) Esmaeili Monir, H., Hamada, O., Ogata, T., Inoue,
T., Sakata, N. and Yamada, H.: Finite element
modeling of a ruptured plaque in human carotid
artery. H AW F2E 28 [ NA A0 V=7
U VTR i SC4E, No. 15-69, 3 pages, 2016.

2) Yamada, H. and Sakata, N.: Low pressure
condition of a lipid core in an eccentrically
developed carotid atheromatous plaque: a static
finite element analysis. J. Biorheol. 27, 9-17, 2013.
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1) UCAS Japan Investigators: The natural course of
unruptured cerebral aneurysms in a Japanese
cohort. New Engl. J. Med., 366, 2474-2482, 2012.

2) Fukuda, S., et al.: Hemodynamic localizations in
anterior communicating artery aneurysms in
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approach to generate high quality hybrid meshes.
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Table 1 Geometrical and hemodynamic parameters

Aspect Ratio WSS _ave Velocity ave Vorticity ave Inflow coefficient

AR 1 ATRINENR(ACA) 1.35 0.648 0.501 0.574 0.691
JMIEEDIR(BA) 1.18 0.488 0.554 0.776 0.394

PR 2 AP RANENIR(L-MCA) 3.23 0.193 0.206 0.309 0.531
1% A2 BB IR(R-Pcom) 0.94 1.622 0.845 2.627 0.068

5 KB IR AL 45355 (R-ACA) 1.67 0.395 0.387 1.012 0.095
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Lijian Xu*, Ryuhei Yamaguchi*, Gaku Tanaka*, Atsushi Saito** and Hao Liu*
*Graduate School of Engineering, Chiba University, 1-33, Yayoi-cho, Inage-ku, Chiba-shi, Chiba, Japan
** Department of Neurosurgery, Aomori Prefectural Central Hospital, 2-1-1 Higashitsukurimichi, Aomori, Japan

1. Introduction

Multiple intracranial aneurysms are observed in 15%
to 35% of patients with aneurysms who present with
SAH [1]. For SAH patients with multiple aneurysms, it
is very crucial for doctors to determine the cause of
SAH [2].

2. Methods

A patient was confirmed to have two aneurysms with
one located in the anterior communicating artery
(ACA) and the other in the basilar artery (BA).
Patient-specific geometries of the cerebral aneurysm
and vessels were extracted using a gradient-based level
set segmentation algorithm. The reconstructed surface
model was then smoothened by a Taubin filter. We
included the vessel’s geometric features as much as
possible but added some artificially extended vessels at
inlet and outlet with a length of eight diameters so as
to damp out the numerical reflective waves at
boundaries.

* Mesh

Unstructured grids composed of tetrahedral and prism
elements were generated by ANSYS ICEM 15.0with a
minimum element size of 0.035 mm and maximum
element size of 0.14 mm. A total number of 0.81 ~
1.28 million elements were used in different aneurysm
models. Three prism layers were employed to resolve
the near-wall regions.

* Boundary conditions

At inlet a prescribed fully developed Womersley
velocity profile was imposed on the basis of a flow rate
waveform [3], which has a cycle-averaged velocity of
0.5 m/s and a period of 0.75s.

* Computational fluid dynamic modeling

Blood is modeled as an incompressible and Newtonian
fluid. The governing equations for the fluid are
unsteady and incompressible three-dimensional
Navier-Stokes equations. Transient flow simulations
were performed using ANSYS CFX 15.0, which

utilizes a finite volume approach to discretize in space,

and a high-resolution scheme for the stabilization of
the convective term.

3. Results

Both the ACA and BA models show a stable flow
pattern with a single vortex in the aneurysm. The BA
aneurysm experiences more significant temporal WSS
fluctuations than the ACA aneurysm at the feature points
under the same boundary conditions. However, there also
exists a combination of high OSI and low WSS at the
blebs of the ACA aneurysm and neck of the BA
aneurysm, which is more significant in the ACA
aneurysm. The ACA aneurysm is more likely to
rupture than the BA aneurysm based on the low-WSS
theory.

4. Conclusion

The present study investigated the flow instabilities
and hemodynamics in multiple intracranial aneurysms.
The ACA aneurysm is more likely to rupture than the
BA aneurysm considering that it exhibits an obvious
characteristic of high OSI and low WSS at the bleb.
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FEVEL SNl T — & M HIE, HN%E
BRI & ORFNEE LW, ZHBITOREIX
2. ZOREDAEREIOBRETIE, ZhE TOME
W ICEE SV T LR BB HERI FTRE & S B #i%k
DT A =B L DRAETHMZIT 7.

5. &8
R 1R IMEORRE, R 2 1P KB
PSR LTz & T L7z

X |

1) Maryam R, Janel S.: Size ratio correlates
with intracranial aneurysm rupture status:
A prospective study. Stroke, 41, 916-920
2010.

2) Yasuda R, Strother C.M.: Aneurysm
volume—to—ostium area ratio: A parameter
useful for discriminating the rupture
status of intracranial aneurysms.
Neurosurgery, 68, 310-318, 2011.

3) Jianping S, Sabareesh K.N.:
Hemodynamic-morphologic discriminants for
intracranial aneurysm rupture. Stroke
22, 144-152, 2011.

4) Miura Y, Ishida F.: Low wall shear stresss
is independently associated with the
rupture status of middle cerebral artery
aneurysms. Stroke, 44, 519-521, 2013
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Bohf-FMTOAVEC~DRY A : BREKBAZEBEL T

Ty fd—
MRFI RS IRBe It sh Rt
[T227-8501 f#Z4)1| A e T 5 BE KR 23 B 1-30]

1. #8

TR A BIERT & LT, EICMILE NG
BTV, MENRE 22 & CFD 217> T\ E
T, CFD ZZ UL THhD b I E Lz, 72
F—LEEDLETIZIEIEDLT, 1 ATCFD 217-
TWVWET,

AlalE, T LWERRE DSBS, iz R A
Y hEMEZ D, BORERTAVECIZ F T A T
XHE0EREILESTVET (FTEZIZLD D
NTWERTA) . FEERIZEEID AVEC D & 5 72 5EH]
WH#E L7 5E (A e & CRER DR E Hi Ok
o T2A) o CFD Z RV TR 2 RefE 3R
LTV DIETTT, 2ok Rk zfEL %
L7,

2. A&
s TRAT— g
STL 7 7 A NVEFHLE LT,

B T
Tetra + 5 prism layer

Tetra /% 0. 2mm 7 % FEHEIZ 95 & B E 9,

BREM ()
MK : ==— bRk
IMAEEE : rigid
A JRETCHELE3 (ICA BA OFEIITKR
FLEY)
A : 0 Pa

- B
ANSYS CFX, & et

cRA N TS
E|Z streamline & WSS

3. #£8
FEHT 3T LTV ER A,

4. ER

R T LTV ERT A, REEHIZ streamline
R, BIREN THEMEAR TR, jet flow 72 &2
S, WEOFREENE N EEZET, WSS O
REZBOSAT, X6 & NKREITFE, D
AREMERE W E B X FET, WSS O E & BRI
D WSS T normalized L7-fliZ. FHE L E 373,
SEREICLET,

5. &8
FRMTIZR T LTV ER A,
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3 M AARNS AL AR D—FBES Tas T s Rk

SRUBMBIREES O LRTHMORKIZE T SWMABORE

20 NI o = | B o S O S B S 721 N

WA IR EERTT, Joth BESY, ARG Y, LR BRTYY, R mE—
* RTBRL RS RERE LR B LR [T 125-8585  HUARUHN i X8 1E 6-3-1]
FHE TR ER R MRS E [T 105-8461  BLRUERUE X PU BTG 3-25-8]
RRRORERL R L B ERE [T 125-8585  AUAUAR B AR XOHT S 6-3-1]

1. #E

Jibd Eh AIRIRE OO A N I AT B B B2 IR A3 < B
boTnbEEZLNATEY, HFETIEIE DM
\Z B i K )1 %% (CFD: Computational Fluid
Dynamics) % WV 2 RAANIL L T T 5. CFD
% FA T2 RAE SN ENIRIE O ik T 23 AT RE & 7o
X, RS EICRE R —B 72D 2 L3 HI%:
Sha.

ARHFFETIT L FEMENME IR C < b BT i & 58
iE L72 2 BE O 5 SO MENIRIE IR % CFD i
E v m U —HLE B U BRI o5 A
152 &R HAME L.

i, ABFFRITHORBRRI R L L R
DERKRTY BRI FEZEIC LV iThn
bLDTHhHD.

2. Ak

2. 1 #@WFE WH3ID ALY 7 b Amira
5.6 (FEI/VSF-division, Bordeaux, France)% i\ C L
BFEOETV VT 2iTolz. IRt E R OB
%% DICOM (Digital Imaging and Communication in
Medicine)7 — # JE=UCHi M L, Bl & - E0E £ 0
REL, BROMBEZIT 572, AT RITNEE)
W7 & BN IR DI AEE T E TE L, REHSD
MECK L TR I 7% L7z, M LzmeE
JE IRk % ANSYS ICEM CFD 15.0 (ANSYS, Inc.,
Canonsburg, PA, USA)ZELY iAZx, FHEME T DAERK
AT o . M IIIEEER T, BERGFIC 7 8D
TV ALA Yy Vo, TOMOEKICT T A v
2 xfE L. KA X% 0.5mm & LT,
TR AEIIH 140 75~260 TR Th o7z, i D F|
HERH D IC K DB EEE L, WA - A 75
mm OIERE &R Lz, ENOTiNgGE =k
TIIEMEVE BTy, MR p = 1,100 kg/m®, Kb
PEEREL 1 = 0.0036 Pars D= = — b iR L RE L
Jo. MAFREZRUAEKE L, BERERIZT Y 78 L5k
Pz 5 2 7. DG I #EE Y 0Pa 231 d. IR
ABEFR L LT ADONBEEIRIZ 31T 5 F B &k
BE 2MBS G 2. A= TP B R

Hrv 7 =7 ANSYS CFX 15.0 (ANSYS, Inc.,
Canonsburg, PA, USA)% H\ 7=,

2. 2 FHE/NTA—8  FHENRIEEED LR
EWET D MATHEFH AT A—FThHD PD

(Pressure difference) & %% + RAFHDOHIWHIZH N D,

P Pave

PD=7'“1“'
Epvin
p B, v ITEHE, Puw Pacld, THZIIKEHIRE
BRI DERKTES EFREITTHS.
3 ®BR-EE
ZTNEND Case (& CEMEM DO E BT
EATH . SATHIETIEE PD il & RMBh RS o JE#E
HAO—FIRENTEY Y, ML MEIARE IS
BWTH PD OESHETIENICE < 70D 2 &3 T4R
IND. Casel O 2 BRI TILATRAEED R A3 A6
JEEIARES & bl U Cick PD EAKE <, MBIk
R DRI PE > T PD WAANAR LTz, &
S C, BIKMEIARIE A U7 E G Cd 5 rIheME
D5, —7, Case2 O 3 @RI TILh RMEIR
Y & P BN BIIRIE O PD AN KB IRAS 451098
LHELTRE o, L L, %ASmmMBikRE
D PD Oi3Aik BB &, HAMEIXBNRE DR Tt
WZH Y, HREHLLTVE ZIND bleb IZBIT D5
I -2 b D ThHo71-. Lo T, WEEGNX
FRMEIAE CH D ATREMER S D, S HiL, KR

2 2.1

TAENARIE D A Kidfthod 2 FEF] & bk L TRE <,

XS LT WRIEETh - & b 2.

4. ®&F
CFD fRNT 21T o o453, LA O RKENIRIE 23l 2
LizboThsdETFHILE.

- Casel AURIMEIIRIE - Case2 HKMENIRHE

X ®m

1) Suzuki, T., Takao, H., Suzuki, T., Kambayashi, Y.,
Watanabe, M., Sakamoto, H., Kan, I., Nishimura,
K., Kaku, S., Ishibashi, T., Ikeuchi, S., Yamamoto,
M., Fujii, Y. and Murayama, Y.: Determining the
presence of thin-walled regions at high-pressure
areas in unruptured cerebral aneurysms by using
computational fluid dynamics. Neurosurgery, 29,
2016.
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AVEC CFD 2016 E{tF#HRF HEIZFFEFEI=v b

TRAEFRBA %, B W SRE
* ARG WS 4 — HE LR b
[T100-1111 FERFIEHTIRR 2-1]
RS &S] A s AR

1. #E

e I XE LR AT I L v ¥ — R T
JOABRRE = NMEIEFIH], B H SRR O 2 4 CTRENT
Y=o TS,

2. Hik

BLEFIET VCAD S AT MgE 7 1 275 MGl
F& LT2AR 7 B VikE OSBRI S AT L E b &
W2 LT, FNEMFRHTS AT DHELZY 7 h Y
=THE VAR LTVWS, 2O AT ATIL, Rk
AIMB Y I 2 b— a3 v OFET, EROFHRILET
DETERT BNLNT—H DR TEETDHILNTE D,
o7, JFHIE UCEERBGROT — 5 SR A fh
32 B0,
sk TRAT— g

v RA T =3 d, M Window Width
L Windlow Level Z48RTHZ &k > T{To 7=,
K7 BMERICHWEZT U AT LA THDH Vigen
T® Window fEE#REREICHE D, Image] 12X D,
W B I & 4y Bl pTRE 72 T & 5 720 O A (i
HETFRE Uiz, i LZ, D%, #Efk L7
BRERE LM L R T LE D AR, B AV
F—a B TEICKERMETH S, E
CEhREE AN ERE L C L E D Ey T, iR AN
REHR/TD LT, MEMICEREBE L TER
ZAER LT, I [ ol Cldie 5~ Rk
BERUCEER 230 L7 2s, — B8/ MED i 1]
BRL 7=,

FRAT SR T LB NIR & LT, UTALER DRSS A
S EIRIE T BRI ERIR DR AN TR I N D HAIC
I, & OREE AT REIR IS % 72,

- FHERE T

FHEAETF OV A XIE DICOM DR Y EAY A X%

FOFFHNTWD, LEER-T, #EL TIX
0.14 mm, FAFE2TIX, 0.23 mm TH D, 7272 L.
BT BTG AR 7 B 5 6 D IRRER,
B ORAERE S, M EEEER Sy O TE & Sk S
TW5, K7 BETIEREEITEIC X 2R EEL
HEORTNEES D, KERAOREZHAND
Z LT, KRR K QNS I B W TR & IE
MEICEITDH L NTE B,
TR 1 ORTKIMENREN S TIE 87 x 91x144 R
T, BMESIIRIEEES 210 x 108 x 309 AR 27 &L,
R 2 ANFEEINRSE 200 x 132 x 131 R &L,
AEWNFEEIRE 199x 131 x 130 "7 /L TH D,
- B AAE

MFIEFEEREME = = — b ik & L, FLE 1. 05,

FEPERRSL 3.5 P & L7z, MiRIMEREZY ¥ K
b oL L, Wik MEEEAAT X7 > TR0,
A OFEREZREESELT, A—F U FRTX

A 2 HEVER LIZ BT, LA IV RE 700 FLE
OFNZER|RASETCND, HOE7 Y —7m—¢&
LTW5,

- EE

RN Y 7 b =7 THDH V-FLOW3D % A
7oo V-FLOW3D (XFEEMG R IA TR ok & LT
KRIEZ Z B T 5 QUICK s, BEHIEZ
ZRKEE @ Adamsbashforth ., F DM OEIZIE
UG EE R LFES 2 VLT WA, fi#lk & LT HSMAC
EERHWTEY, JEHORERSGERRT 208
B, FRROBEBILRICARBER OB N0 ES
ANdZET, WIREELLSKRB LTS,
S N d=E AN
Bonlr—#i, Ay 7 b =7 Viso 12
TAE L7z, JBNOFROEEZRITEXDH L)
T 72,

3. ®R

TEH T COWED A E TOFEIFK T Lz,
REBOHHIZIZES o7,

AR 1 Tl INIEENIRIE C I3 O U I R E)
T HMNBTEER S, NI S RN KA T
Too —HF ORIRMMEIARAFE T T & W72 E Wi
DR S I, JBNERRIRIZIEN - Tz,

R 2 TP RNENIRE T, EAaEICiRN
AT LT e, ARTRAMEIREL 2GS CIE, BN
OFIIEZ L, EHOBIVEIRBRTHo72, A
AEENIRES T, bleb TOMNBIMRD TEL | IF
EAEERL TV,

4. EE

MAEBERHERF SN DI, HE—EDLELL
FOISHNRLEL BN, LzRn-T, EWF
AT OBRIE T, FRME 1 Ik, MMEBIRIEAS, #R
RH2 TIIABZEBIIRDZE L= b o LT LT,

f

5. &8
AR 1 T, MRENIRIE Y, B 2 TIEA B
EEARAMZE U726 o LIk LT,

x B

1) https://vcad-hpsv. riken. jp
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HIYEBAARNAS AL AR U—RRER T us T s - i
ZHAXBIRE (15 COFD f#tfT
— RI—AEfI 281 BHERIE & IHERIED L —
WORESET. MR AR WA REL AL EWMY. SRE FET L =BT

BE T
WAEKE LR WA 2 — R [T 931-8553 IR (L i A33-1]

TUEILRTE RS RS

1. #8

RREINREE DHIRR 2B L T, SHETIZZEDR
XMW, IIER ST DN TCOBA, WERICR
72 R Z, S BT TiE CFD (Computational
Fluid Dynamics) fifdT % FHV\ZRRER 372 SAU TV D A3,
MET VAR 5, KRB - KB I 5 1E
R CLled 5%, ARNTOREEZ LT LHHEHRL
TVWDEEFE R, AR T, ZRBIREE AT
% [Rl—{B{ARIZ 35\ VT CFD fifgtT 2 Fohi LT, s &9k
IR AT DA T )54 LSt LT,

2. EBHE

LI A A LESBIE I — 2 DB OERE A
AR U7 5 B8 & Uiz, 3D-CTA & 2 VM MRA 7
LB DICOM 7 — & 2 L, MR D4
X Zio station®, FfEPRAMENTIX hemoscope®
Z W7o, CED fRMTIZMEH & O — 7 4 % H
W, AT 21T o 72, BRETHE B, Fls,
Al BREORE S, HRKECOHIM., BBEINRD
D OWNE, KL IEHKIED Wall shear
stress (WSS) IZ DWW T Huikiait 21T o 72,

3. ERER

I 72-76 5% (CFE¥% 66 5%) . B LMETH -
T=o BRI DK E &3, 8RB 1. 2-505. 3mm®
(131.6211. 7 mm®) |, JEHH K 6. 1-154. 9mm® (44. 5
*£57.5mn’) THojz, K& SIBLOEMLIZ—ED
IR BT, R E TOHMIX 1-84F T, 3
BIARGE IR L, WTNBIEKIE TH - 7=,
BENRA & OV AT RE T 10. 6-66. 8%, FHE
KFGT 11-97. 3% & —E DML R o 728, TR
JE D WSS OB TG IE VS JEHE I ¢, 6.1+
1.9 VS 8.7+6.6 Pa, fxKfE 37.1+6.2 VS 88.6
+53.9 Pa, f/IME 0.5+0.7 VS 0.4%0. 5 Pa G,
WAL OEF] T R EF L O KREIE. B
KIS o Tz,

4. EX

TN IRIRG & A LR BN IR oD LA 3 C I,
flix D/NTA—F —=BHERFT S TND, i
WSS IZRET 237 A —H%—»R%< | low WSS, low
area—average WSS, high WSSG &= 23R ZLEIZE08 &
Nl an<Tns Y2, Znbs0®EE, WThb
B2 5 M TOlRBBEFTH Y . F—AEFNZE
FOMEET <R, Jung B VIEEERICHT
HMH & RBEZHEZ I L TR Y, HEEIZBE W
THEALIZ WSS DB fEFs L Oe/IME. Low WSS area
MRENVELTND, AFETH, HAET WSS
DKL 725 T,

5. #5

Al —EBNZ 1T 2 WSO, BB
WSS I M IR IR L 0 BRI H o 72,
WSSITHIRB L OO EE 2N L SN TED,
AHFFET b oD TAME BRI 004 K2 H B2 K
TThorEEZLNT,

x B

1) Kawaguchi T. Nishimura S.Kanamori
M., :Distinctive flow pattern of wall shear
stress and oscillatory shear
index:similarity and dissimilarity in
ruptured and unruptured cerebral aneurysm
blebs. J neurosurg, 117,774-80, 2012,

2) Lee CJ. Zhang Y. Takao H., :A
fluid-structure interaction study using
patient—-specific ruptured and unruptured
aneurysm:the effect of aneurysm morphology
Hypertension and elasticity. J Biomech, 46,
2402-10, 2013

3) Jing L, Fan J, Wang Y., :Morphologic and
hemodynamic analysis in the patients with
multiple aneurysms: Ruptured versus
unruptured. PLoS One, Jul 6,10(7), e0132494
2015.
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i3 PRES Z & Hf L -8B T2 D 3 HlO KA

TER AR, EHE LT BT RS, AR A, ZRES, ADIRAL BRI
HHER AR\ E 7T AR [T192-0032  HAUH\E 116 I1HT 1838)

1. B#

Posterior reversible encephalopathy syndrome
(PRES) (&, il FEMEGEE, R, Sz &
Wi UCTAE U ABIERL A HLO & Ui it OfiiE ¢
HD, FOFEREIL, MRI “C ADC fED_EHAG8D B,
MAEPEZIRAS & ST D, NI, PREEEE,
SHIEEE, RIS CTH DY, FIUTHA FRE Lo
Jibi#H PRES 2 56AE T2 Z & 3 2, 4181, ikl PRES
LMW L7= CKD @ 3 FEBI A5 L7=DC, SCHRAYE %S
bEDTHET Do

2. fEH

FER 1 1%, 60 kA, mIMLERE, HeaRiiE, 18Pk
R THERRBIT STV, BT TR ks
FRL, KAk, kPR E 182/123mHg, KRAME
SEMERE, DU 2585, BHER MRT i, FLAIR
TN O E AMED R 52780, —ERIEE~MICS
KTz, ADC I FH-LCE Y PRES &2, JkE
RMAEEPREAT T2 & 2 A, ABEE 79 BIITERIE
G, 58 14 97 A O MRT CRRZSIRTES,

SEG] 213, EIEDSH 5 50 m B, EEFE TRk
Be, SRERMRMLE 220/140mHg, Iy 27 V7 F =2
5.32mg/dl & il SEED MRI CHMEBZ L & 4590
BEROT-, IR Z ERICIREFTO, SR
Ko 5515 995 H DS MRT CTIRZITTH A,

FE 3 0%, 41 kBT, TR, R O,
et B I £ 200/114milg T, G2 L7 F =
3. 3mg/dl &7, FLATR CHMEICEE 52707,
FEIEVRIR ATV, BAkialE L7oas, DUBom R 37k
17 U7=, 55 31993 H OFERRMRI CIIfmA 3% 7 L T =,

3. R

PRES 1%, MAEPEFNEA FR & LIz it DpiiE Th
5 EEBZDBNTND, TOREDSELEREE CF Shse
TR & LT, SEEPSIEIIRIC k2 AR Sl
BN, WSHBIIGRICH U COIMEEINE CThbBi & 72
L2 EZBZBINTND, TDD, BWHERIZE > T

MR U o85G, AN EMIEBINRR 24

LRI b EExLND, £, CKD 12X HHIENIR
AR DOMERIZ L BBB HEREASRE S, Aifem
JE EFAC X0 o ER A b ER S hic b o &
HeE2 LT,

5. #&

M PRES % 4-0F L72 CKD @ 3 JER &850 L7,
AREAPHR S B TN ESEIICR CBR T 2 4%, CKD I
& B HEIAREE L C BBB H§AERE Aok L, AR T
FZiitx Hie <720 | IRERE & OVINIHOFIE 28 b
DHBT 2 b0 EEZ BN,

CKD BETHLE= Y ha—ANREDRA, M
PRES % 3R7- 9 AlREMEA B 5,

X B

1) Moon SN, Jeon SJ, Choi SS, et al. Can clinical and
MRI findings predict the prognosis of variant and
classical  type of  posterior  reversible
encephalopathy syndrome (PRES). Acta Radiol
2013; 54: 1182-1190.

2) Kumai Y, Toyoda K, Fujii K, et al. Hypertensive
encephalopathy extending into the whole
brainstem and deep structures. Hypertens Res
2002; 25: 797-800.

3) Bo G, Hui L, Feng-Li L, et al. Relationships
between edema degree and clinical and
biochemical parameters in posterior reversible
encephalopathy syndrome: a preliminary study.
Acta Neurol Belg 2012; 112: 281-285.

4) Edvinsson L, Owman C, Sjsberg N-O. Autonomic
nerve, mast cells, and amine receptors in human
brain vessels. A histochemical and
pharmacological study. 1976; 115: 377-393.

5) Wardlaw JM, Farrall A, Armitage PA, et al.
Changes in backgraund blood-brain barrier
integrity between lacunar and cortical ischemic
stroke subtype. 2008; 39: 1327-1332.

6) Bo G, Hui L, Feng-Li L, et al. Isolated pons
involvement in posterior reversible encephalopathy
syndrome in a patient with chronic renal
insufficiency: case report and literature review.
Clin Neuroradiol 2012; 22: 341-344.
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HIYEAARNAS AL AR U—RRESR T us T s - i
FRREXRM/IVDTI AFv—IRIFTHRIREZHRDOEE

O™, HiER, =
* FRIRSI PR AR R [T950-8680 BRI ToRIXHEE /il 471]

1. ¥E

AR KRBT K UL N ORI TR
ZRHALE KRBT ITHT BB EOBLA
EELTE, BOLWARUVEESITIE, Ao
AL B KT D—>Th 5, AKX I
PRUAEMNZZER (CO2 ) D725 & & OFD
RREE G2, ZREBERETIMRPDH Y .
ML T 5 HERBETH 5, ARG TIE
HAREBAEICHER U, A AR R A K v
DIALK T 7 AT 4 — 2 BT T REIZ DV TR
L7z, F2 B O WT iR L7z,

2. ERAE

KBy S DFIEIE, KK 180g (v e A V) |
K 165g, WO¥E 16g. fHfi2g. R7A A —A b 6g,
N2 —16g & LTz, HEDZD DI/
X, MIE 180g, /K 105g & L, ZOfiXFEBRIC
L7, BEatbA Rl & i dR e . — R FERE & 30 43 [TV,
AP EREREIL 150, 50, 83 & Lz, k%
1320 23TV, 180°C T 16 Ay I BERR % . 1 LT,
NRUDENL A ETRICST, AT A EENRNC

£ 1.5em AIZTA 7TV 3T b0 EREE L,

BRI MERIE S (TPU-2C, (BR) ILE) Ic kv 72
AF ¥ —WEEITo T, N ORIBOSHIREE
EEBMBI B Lz, SbIT, SDERIAALE
(2 & D EREMRA B RET LT,

3. EBRER

i Wab A VAP S AN a G SIS 1 A
DFFBIACR L BHEMEN R E . DS E
INEDNo Tz, QKB R DT AR E R BT
LTI, LR ®mWIEIZS 250 143, 84
Lipotz, WEIGHEEEMN, o h A

RFRI DR 843, 557, 1 DIAICKRE D o7,
QLI HT OFRERD G D SISTNEIHT Ak &
B[] (T) DIEH T 1% D fERE, LN (P
2) TH%DERFETHEENBO BN, I
By BT AT Tl R (T) & B F oEBAL
(P, ) OFICHEEIIRD BT, H AKX W
DRRLEETH ETOEAMIZBNT, THOS
MW SIENNEIREL BRHERB RN, 5
EECONWTIE, EFOEM(P. ) T 1%DMEHKR
RTHEEPBO LN, TEHOFNRRKRE DT,
@FBRMRA DR G WIS LK 0
el TIE, SDIEICRWT, K/ ii Lo b
KEbobLYEOHEH TEWIHIAESIL, 1%
DGR THEENRD DT, IBAE TR
WS B EOEE, KR Rbob &, L
S LV, BWLEOEE TIHHEAES . 1%D
fEMRE CHRBRZENRD bz, T AKX BRI O T
BCIL MERLIEIC B W TH Ak & 5 hs ik &
Lo VEOHEA TR bmWEFHES I, 5%D
fERR CHEEPRD b,

4. EER

KR E, BT THA VR A
PJENZ B TS TedIcigbn K<, & 612
KEBZ N, Lok 0ESeb o DR R
THAHIENSMNoT, AREREM DR 5 KHy
SRUTE, B bAEA K BAFERE DI,
ARE S ThHhoTe, FTMHERAIE LD A%
WERIAS RV ME &S U i < NN & 72 5 708,
N DN RN T o D 72 DI E BB A Tl
BINEE L <. HEEHANE & O BIITRD o 72,

E
FHBIRFE U NN T, THoROV R L

TR TS T R (BR) BRI R L i

_73_

(90)



HANA A LA rvo—5058 (E1FR) F30& F2%5 2016

HIYEAARNAS AL AR U—RRER T u s T s - PhiE

R—2R MR EROMISEERERT N TR EROR R

AT
E)N TRIRZIS A S A AR (T243-0292 JEAT F#KEF 1030)

1. #E

W, B - WEFRERE AR T L7z sl oo n
WP, K0 ZARITERTE 220N
RKOOLNTNE, BREOPEE, ROBROZE
MICEBE 52T, Z Lo, ZOREKGME
FENRT IICKRESEEL 525, & 2 TKIF
FTHE, == MRNTERICHFEN TV DR
MEFOTENDS, kb E ORERFIEIC S 2 5
WCOWTHE L7z, AT, #kiE oK EN
ERART EOBRIZOWTRRFZTT-o 72,

2. EBAE

NEWiZy DEA RO F72 5 EA OB A % FAE &
Liz, 2= N—H LT A 7 — KR4 4 (D E
2 TH LW I EN DA MREEOF
5 R FEARAFE OWNE 24T o 72, SBHIAELE L
THWAHADOTM R O AE & %22 TR L
EboEMAn, $hbb, REAALLTET
7 50% : AKRE50%, #EB & LTEER 0% :
LA 100% TH D, EERITLRHIZHS, JF
BEENEL ., FAEKEEGEED DI,

Fiekl B L2 1 AR B 2Ok BE 5 SV — 100 ((BK)
A&D) % v B HREH 4K 30Hz AR BRI £ 0. 1mm,
REHHIE 15~45CIZB U BERKEEE (Pa » s X HE)
R Z JE Lz,

Mz T, BRLTIOFE LT, W FREE
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1. Introduction

Carrageenans are p extracted from species of red
seaweeds, and are commonly used as gelling or stabilizing
agent. A generally accepted model of the gelling process
of carrageenan solutions involves a coil-to-helix transition
followed by aggregation of helices forming a
space-spanning network[1]. Commonly used gelling
carrageenans are Kappa (KC) and Iota (IC) types. Several
studies shows that mixed KC/IC systems undergo two-step
gelation where two independent gel networks are formed
and a possible phase separation takes place in the mixed
system[2]. This study focuses on the gelation mechanism
of KC, IC, and Mixed KC/IC carrageenans through
observation of the microscopic rheology.
2. Theory
The mean-squared displacement (MSD) of a particle by
Brownian motion is proportional to the diffusion time zin
a homogeneous media. But in an inhomogeneous media
with tortuous passway for the diffusion, the particle may
exhibit subdiffusive motion as described by the following
equation [3]

MSD=4Dz" @)

where D corresponds to the diffusion coefficient and # is
the diffusive exponent which is related with the tortuosity
of diffusion pass in the inhomogeneous media, 0 <n < 1.
3. Methodology
Sodium-type KC and IC were supplied by MRC
Polysaccharide Co. with further dialysis. Solutions added
with polystyrene beads and 10Mm KCI were stirred for
30 min at 90°C and the final concentration is 2%.
Carrageenan solutions kept at high temperature were
viewed using a 100x/1.30 Nikon oil-type objective with
stage controlled using a Peltier thermo 0.68° C/min
controller with a cooling rate of. 15-20 particles were
tracked using a 1.3M CCD camera and images were
processed using a free software Image]. The particles
MSD were calculated using a written Mathematica. When
the plots of MSDs showed a monodispersity, averaged
MSD was calculated and fitted on equation (1) to give D
and n for each temperature. When the MSDs showed a
bimodal dispersity, the MSDs were divided into two
groups to give two averaged MSDs and the fitting gave

two sets of fitting parameters of D and n. The fitting were
carried out on the data of 7=1-10s.
4. Results and Summary

From Figure la, IC and mixed KC/IC shows a
wider variance as gelation proceeds. Both figures at low
temperatures, MSDs for particles in the mixture could be
divided into two groups to give different Ds and ns as
shown two points connected with thin lines. This can be
related to a possibility of the phase separation with
different rheological properties. It is found that the
displacements of embedded particles in the IC gels
demonstrated higher diffusivity compared to that of KC
gels  while mixed system appears to have the lowest
diffusivity as this reflects the expected rheology. It is
hypothesized that with decreasing temperature, particle
diffusion is inhibited due to the corresponding polymer
network stiffening. Thus, our observed differences in
probe diffusion behaviour can be associated to
differences in the gelling mechanisms between the

carrageenan isoforms.

(a) (b)
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] o M{ﬁf‘s‘:’..\ﬂo
: son B L ooy
< X o = Y
i ]

oK “ oK
| A xC | A xc

Fig. 1. Temperature dependences of D (a) and n (b). Connected squares
refers to a separation of D and n of mixture at low temperature
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1. Introduction
Carrageenans are sulfated polysaccharide, obtained

from certain species of red seaweeds, and are widely
used in food, pharmaceutical, cosmetic industries. k/1-
carrageenan mixtures undergo two-step gelation,
meaning that two components form gel networks
independently U3, In the present work 2!, rheological
and thermal properties of carrageenans were studied.
The effect of gelation on water and ion distribution
between KC and IC phases was studied by forcing a
macroscopic separation across a dialysis membrane.
2. Materials & Methods

Sodium-type k-carrageenan (KC) and 1- carrageenan
(IC) were supplied by MRC Polysaccharide Co. with further
dialysis. Carrageenan solutions with fixed KCI concentration
were stirred for 30 min at 90°C. After that, hot solutions were
mixed another 15min at 90°C to obtain mixtures. Rheological
measurement at a frequency of 1 Hz and a strain of 1.0% was
on a Hakke Mars II theometer. And DSC measurements were
carried out on a Setaram Micro-DSC VII. Water and ion
migration between KC and IC rich phases during gelation
were detected by gravimetric analysis and ICP-AES,
respectively.
3. Results

Rheological and thermal properties of 2wt% mixed
carrageenan under 10mM KCl were studied (Fig. 1) and
two-step gelation could be observed.

e . lc

4 Mixture
s KC

'In 1 mw
L Ke
-//qdfﬁv_ﬂﬁ

T(C)

Exothermic —um

Fig. 1. Rheology (upper panel) and DSC (lower panel) for 2%
carrageenan with 10mM KCl with cooling rate of 0.5°C/min.
Furthermore, migration of cations between KC and IC
rich phases occurred after storing 10 hrs at 5°C, with
increasing KC concentration and the content of K™ in KC rich
phase. At 15 and 20°C, no obvious changes of cation between

KC and IC rich phases could be observed regardless of
storing time. In addition, NMR results also gave much
information on the micro-structure of the mixed system [+
4. Discussion

It could be observed that KC and IC formed gel structure
independently in the mixture. Furthermore, solvent and ion
redistribution between KC and IC solutions could occur only
after long keeping times at temperatures far below the

transition temperatures of the KC.

s lchain
L~ Kchain
. oK

TelK) < T<Tgl1)

Te()<T

Fig. 2. Schematic representation of water and cation between KC and
IC rich phases during gelation.

5. Conclusion

Two step transition temperatures of mixture were
almost same to that of individual KC and IC at the same
condition. Furthermore, solvent and ion redistribution
between KC and IC solutions could occur only after
long keeping times at temperatures far below the
transition temperatures of the KC.
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1) Miwa, N. Yokoyama, K. Wakabayashi, H. and Nio,
N.: Effect of deamidation by protein-glutaminase
on physicochemical and functional properties of
skim milk. Int Dairy J, 20, 393-399, 2010.

2) Miwa, N. Nio, N. and Sonomoto, K.: The effect of
enzymatic deamidation by protein-glutaminase on
the textural and microstructural properties of
set-yogurt. Int Dairy J, 36, 1-5, 2014.
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Thrombin Transport”, in Biofuild Mechanics,
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1) Lubicz, B., et al.: Silk Flow-Diverter Stent for the
Treatment of Intracranial Aneurysms: A Series of
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Am J Neuroradiol, 36, 542-46, 2015 .
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Table 1: Effect of IHE on Ang Il-induced intracellular
roduction of ROS in HAECs.

Fluorescence intensity p value

control 57.8£16.0
Ang II 124.8+30.7 <0.01*
Ang [I+THE 87.8+20.5 <0.01*

*p<0.01 vs control, #p<0.01 vs Ang II.
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FAERE IGDZ L 2BO, . AV 7 by
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1) Yajima H, Ilkeshima E, and Shiraki M.:
Isohumulones, bitter acids derived from hops,
activate both peroxisome proliferator-activated
receptor alpha and gamma and reduce insulin
resistance. J Biol Chem. 279, 33456-62, 2004.

2) Namikoshi T, Tomita N, Fujimoto S, Haruna Y,
Ohzeki M,et al.: Isohumulones derived from hops
ameliorate renal injury via an anti-oxidative effect
in Dahl salt-sensitive rats. Hypertens Res. 30,
175-84,2007.
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UEAZRWTHTR L 72 AE S 2 A0 S 2450
DUNT ek L7,

2. EBRGIE

KB (ZLDHA L EA)20g, BiE2g, ok
L72#I0120g, AV — 7l 12gDIEIZEH A —1in
Z, X % ¥ —(Kitchen Aid KSM100)% i\ C50rpm™C5
S3f, 70epm CISHENRAR L7k, 7 v 7 CRipAEH
T A BRI AN R S 7. KA 2
IEIL, /NA % r—F —(Kitchen Aidf} &) THELE L,
2 B J1 w2 —(Kitchen Aidf &) % AV T 4 % F L
L7z, v Z—3E6.5mmD b D& L=, 547/
INER U 730k A 2em D = SI2U 0 AR E 247 > 72
INERT O KR RN SN TIET 7 A F ¥ —HIE %,

PRI RS R AT R & BT v 2 —

TNEAE DA HNZ SV TR E 21T > 7. 7 U —
FRA—B RO T 5 2% — % AV EHRERR
BRadifi L, BT Y 7 b7 (T2 A F v —fiR
Hrwindows ver. )2 CTHIE L 7.

3. EERRE R

R T DT b IEMERR I A R L, Iz O Z L
D h UFE A SZZ ORI E R I8 A BNk
Db < LIc W& 7R E R Lz, £
553 MENAE HE O 97 25 32(78.3%) & 743 INERAE Hiy
(78.5%)IXFICE <, MHEOHMICHEZEITAD b
Do To. SOYIMENE D /XA B A O REETG F90 R E
BB R ORI, HE R OB AL > TREWTG
T LEBI BRI T L, 5~83 TRbD LIz, =
LODALFEALT 27 5E8E Y FTOHEIZENT
IXERERR A OSDIEIC L 0, S/ NEGREHIEE < B2
BN, MBI SN bo b & LIRRK
Zor Uiz, MBAFTOINRIMO Z LOHA UEA DK
Wi E=R(53.0%) LT = 7 HEE Y F OMREMER
(70.2%) L 0 HARWVA, MBUZ L > TZLODALE
NEHTT3%)E, $24% BN L7z. ZLOHAL
FATHBL U722 7 ORI L TRERED b
S>bH 0 & LD & MBI L - TF
27 5TV FTOAEMICLE ST, BOLIDEAND
b < Al S 7.

4. B

HREREOMEND, ZLOOALEATAEMTY
S>HYECKHEDY &2 LB G52 HRERH Y, ZhidEE

WCRBERT I AF XY —=N"ITA=Z—=ThHHI L LY,

K DR A A U T2 B AR D i S R & ARl 7
L2 EMBIHNI.

5. fth
ZLODACEAE, IR & INEWERIEIC X > T
IR OHHAEMICENL, TaTLEEDT
DI 3 L OEBESR, BT 7 AF v —§
PEDEEEMEICITBT D EE R LT,

_88_

(105)



HANA A LA rvo—5058 (E1FR) F30& F2%5 2016

FIEBARNS A AR O—ERIER T s T A PhiRE
[E - AREXHOK[TES) & RO EE)

AR T Bk VR 77— R

1. #E

L O, WA (EET %
BEte) FIKREINEZ, WEIFEOMERIFRD T
TELEETLHEOHEME IR, Kortno—

WFIEDNFE IR R IR AL E 2D 505 5.

ISR & DAL & WS I REIRE ORI, — A,
L BERBBRVRIZEDNR B TH D, KITR
1T 2 KIERE DY SLOFEENRCIER O KRN K D il
NEOEBEZA G LTZIROEEB CED L FHEE 2N
X, HAOERNEESAHERI SN, FE, [LUER
KWVREITIRY M U720, a0 RS
¥CIEEN L, %35 %2 Productive Cough (B D#&
NI A DOEER L, T 7eo e KB T4
T HMEIL, FERFICTE DMORE /ML
20, @mEMCTRD. HIL, ZhbDAT=X
LEPFRDHET, RER ERILOIIREFIM L
T, BRAICER AT HENTE D2 LB DN 5.

bHAHA, KOWBMERIZ—TIE R, B
FHC &Y, SRIRGIEICRY, RO OWEE -
(LRI L Y, FERRERIIC LY, 270 25k
L, BT LA a O —FERR L X720 2720,

LU S, Z< OFRMEEOSE, R
TR ERPEIR N IR L TV D 0T, EBRICE, A
W DOFEIZ Productive Cough MFF/4T T, 120Hz

~500Hz O HEAHEN MEEEL ORI T VE b,

SEOFFRICBWTIE, WERAIMRRAS N DR
HORER MR B L7 2 F L KRR 2R L,
FRAY FEBREE > B 45 B N7 B O B R B
LEETAEZHEL, TOHENOEKIEITAEL
TR ORI OZE® 2P~ Flo, [ie o
MEMEHTE, LR E o rTsetic v T, B
RV BN =0T, ZZICRETS.

2. EBRAERLHEETL

2. Al Productive Cough M ZEER

IS 1. 8em DL E =—/VEPIT, 2T L /K (W
BRI O SR CRIEE 72) % paste L, BIELLO
WERRIRET L, FOOEEZ~A 7 THY, Fh
BRSO LTz, D723, EPITTH B S 220
LEOFE LT~

2. A2 BRI 0 F L DFEMEM: 2 D ER

Maron—Kriegar—Sisko %I Newton $EEFIZ LY,
WAWAZE Share rate (ZHMT D BT EORLE
ZHEE LI, (0% F 2 KIEH, 10C)

2. A3 EATIRTUHEE) Couette D ER

FELIIE (DT ZKEIR) R B R DI 28 2 A E 5 %
72T, 2 DN 2RO BN R UK 2 e A, R
s, RICE<S 1 BITEHRT 7 VAVRT,
FEN L2 B R OIRFE & IR > T RE D D, ARTE]
DEE DIEH D533 5
2. A4 RBIAR L DBEBHE D HER

PRIV b D BELISRDOZ B & 7 5 TR T, BTV A
WARRIRER OYREMRK ECREDMRET 28545 &,
PREN ISR K DR A = S H IR E 21T,

LD ZEE) & HBEZ @R YT AU A T THRE LTz,

2.Bl EeET N

MBI O ORRAE S HRE) CHRE) S, BT 25k
R L. BRAOIEEITT WY, FERTTORY
PEDSHERR X 4U7= Casson WtEhRpEZ2EH L7-.
2.B2 BERNEHERET NV

FIRIPICAT S U 7B RB U S BRh & AU
D AN A L FIRT DT RN G, RO L
8 - B S < JROBNER, o, HIREEEE R

T2, EERBREHEROIEANAANE, EF
B —BRICRIE AR TV B B3 O FIBEBR 44 (o
D) L & FEIRME O BIfR & BT L sk 7z,

3. EERLETILRIESER

LR T, @B (Productive cough) DEFHIZIL
120Hz~500Hz D HIHHRY BB O E 1S LN HF,
2T IR O FREMRFE DO D 1T Casson fiiEh
PEEEHT2ERRY THLE, LFURLED
s, RO K E S & RENE, Kitic X
DHBEA I =R L, HERWE - BlEsniz. HHE
T, FERROR L LRIEEHOBER, K& XIT%
H L7 RSOk & ILIRIRE S D BATR,  HIBEBR LA
Tl & (RETR) TIRE & OBIR, SER0-7-.

4. BRLEEH

BERRORKE 16O BIRRAETENEIRESET
FRIZE D, FR T OKENOZEILE B R I
X, MRS OIREIREI N MLETH 5.
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HIYEAARNAS AL AR U—RRER T u s T s - PhiE

T4 TV VEABBEADALSDLGEMHR

NEERYE, TR, SMUETR
REERY BTN WE - AaBTEEY [T376-8515 FEERMAT RHHET 1 TH 5-1]

1. #8

747V TR EER A 1 D TH Y H
JL\Z E fEIR, F O D sk A b o ik 2 o
NWIETHD. MIREERE T A — NS DAk B
BEZRBWT, 747V ) FICE#E R E VR
fEHT 2 &, 7470 77O E#EKICSH D FpA
EFpB YIS 7 s 7V b, 747V~
T licEST ALKV Tr N T 4T
UNVETERL, ZD%TT 7 NVHR~OESIZE
STHTNRy NT—=J ZBRTD. —F, 747
V7 O DEBICIE4 DN T LA TR
BYA NBEETD. 747V VEABICBITSZ
o oA A FORENCOWTE, WL OnD
WFIEHR A5 3 B BRI ER S LTV 1), &
WFZE1E, IS T AL F N T 47U CEAIER,
T4 T VTNV DOIERERS L O s v e R
252 DRBIZOWT, BWENE, Bkl
EFB L OHEOLMEIC L BEt L.

2. EBRAE

Beb: 747V ) vk T 4TV )Y
(SIGMA-Aldrich, Typel-s)% bk U R k&fl A= B A HE K
(TBS) ¥R L, EHEITolob OV, b
0B TEEER b e (RO &
TV AL, WAk v T N KT &
TBS (& H B DR I EAE LT,

BERE ; WE L VI FH(V-630, Jasco) % f#
L7z, Smg/ml 747V /7 U IKEIRIZ 0.25U/ml
by erBIXUOHEI VYD LB E OmM,
10mM, 25mM,, 50mM, 75mM, 100mM & &% %
22 CTHRM L7230 &2 VT, 3 350nm (2381F
% VB E DU RARAFYE A JIE LTz,

B0 ARG T I TE ¢ W ARG SR OO T L AT AR
BRI E R LA e s o7 - )
ZEA L. BIEZIRE 25°C, M#RE % 3Hz,
PN EESOum TITo72. Smg/ml 7« 7V /7oK
YRIRIZ 025U/ml h e o BB KO LT A
R % 0mM, 50mM, 100mM & #2E %75 2 CHIN
L 72 30RO TR B 3R(G) d & OB ME R (G™)
ZRE L.

BB RE ¢ TR O B E 1O 4y O e B A
(FP-8200, Jasco)Zf# H L 7=. 0.03mM MCA ¢k
HAKIZ 0.1U/ml berrErB IO Ly
LIRNR % OmM~1000mM & JRE %2 2 CTHsm L7
B D H TR DRREE L LY e B DBER
TEME A JIE Lz,

3. RR#ER

WERE : H T ARE 10mM, 25mM, 50mM
TIHEEON S BN D £ TCORMMNEL Y, 3
FMEZS omM L VR ER LiZZ &b F ko
fRENBE S N=. —J5F 75mM, 100mM TiX, #
FEOSLH ER D £ TORMMBEL 20, fREH
0omM X VKT L7=2 &0 5 7 A b ol 23810
Ihiz.

B R RMERIE : G ORMEIEKICRT. &
T LPREE OmM 2K LC S50mM Tt G’ DED
ELWEARBRIESN. —F, 100mM Tit G
OO BIEMNBR S iz,

HERE : LT ARE 25mM FE TN
MR LS Ucth, SOICREZ L2 EIRMEm
il sz,

180
160
140 -

20 - ° OM
£ oo | - om
5 80 © 100mM

60

40

20

0
0 2000 4000 6000 8000

tls

B 4571020 KRS D BYROR HAERE
TR LN G ORRIFLL

R
1) J. W. Weisel et al., Blood, 121, 1712-1719 (2013).
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HRIEIAARNAS F LA —BES T as T s PiE

FMREBROLEBENFORKEAEICSZILE

A LA, EmE, B EE, EEE, HEE0E, SMLER
REB KPR BTN FTYHK [T376-8515 REEIRMIA M RKMET 1 T H 5-1]

1. &5

RIMERIZ T 4 7V 7727 8O FIRAF T Culigh
& RITNDEAEEIEAT 2. HEEITIRO VAR Y
—HIMEIC R & e B 52, O TUEITRH B
MR b DI D, & ZAN, BEEOBRA =X 1
ZDWCIIHIE, B TORIMERM A 24652 446
5] RS THRMERI N HHBR SN D TREES )
DEAT H_OORNBHDH. ZNE TIZENTHOH
ZEBH T 5L OO ILH B, BHED
BEAMEC OV CHERD 2 STV D, FRINERDEATE
IIEEGETCh 5 @ T ORES Y 20w~ 72 SR
HROBRIZE > TRES B D, 72, AREGRER
bR N T VARERS R U TV AR LTk
D, EBAEERERETSZENAEFICE > THRESNRT
% (M. Kaibara, Biorheology, 1983) . AWFZED HEY
VIARMERE T OB R AR B & £ AR T &
OIHENER &R, IRIEREE DR A J1 =X 2B
TOHAERDLZ L ThD. ARIOEETIE, BERL
P X DR MERK OB AINEL OBE & K iR T-
~A 7 a2 (QCM) Ex AW iRIEkE 7 ¢ 7
V75w L OMBESEHEIC SV THET 5.

2. ER

FRMREHOELTHIMEE

UwBIOY Uik EELL, e N7 4 —a—h
ZBrE LTt PBS CHRIMEROBES A 3 [EHT-7-. ¥
# L7oRiMERZ PBS THIR L, HIYOD Ht OFRIMERES
AR L. /AT I=F—EBIONY T
ZHPAOEECHREL, JRmERERIR LSRRG LT
3h S SH T, mOEZ L Y EBAETY BROTZIR
MEk%E PBS CHEf L, A2 m— AfEEKZ IV CHIY
O Ht ITHEIL=. 25C, 60V TE—Z BN OWNEE
1Tolz. Fiz, BERERC X IS > 7 ViEE
KON a—2ADERERAT.

FMERFE—7 47V 7 ¥ EOHEEIER !

9 MHz KRB - O&RIEC 7 47D /7 2B EL,

U UB L O~ RIMERA RN L7, RIN% OB ERZE
{bBARMERE R — 7 « 7V /&7 O ELER OE
BEE &I T

3. WEE

B— & BAEIE :

) AT I=F BRI O U~ RINEREE O — 2 &
POV, BESHERIRO > T VIR TIRR &5 2 & CAMLER
ARINERE D BT 20% BB LIz, —F7, R
U AR OFRIMERFR I F5 1) B B — & AL TAALER
FRIMERE V B 27%ABMEINLTZ. ZDZ LiEy
<M DONTIE, b U 7 A IRIMERRT O /R )
B SEH DT TIIARNZ L E2RET 5. FEEOH]
% T VARMERIZTIT S TETH 5.

QCM (2 X 2 HEA/EHAIE :

TR, RUT 47 ar bu—VERE LRI
Bk & OMOHEER BTN D 3 Y
A EOHEERIZOWTRIEE T2 (TR . 77
MERAINC LY, 2 LSRR O T 28I S ki
Bk & O BRIz, [FIRROMNIE A TR
WERA i LT R IER E 7 ¢ 7Y R FAGWTITS T
ETHD.

500 FRMERFN
0 -m-nurmm,mi‘

_1000 | TN YSATD

-1500

-2000

-2500
-3000

-3500

i —

-4000
0 20 40 60 80 100 120 140

t/ min

B ConA—7RILEK D QCM HMIE
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HIYEBAARNAS AL AR U—RRER T us T s - e

KEAMEERICK5HEKIKDO MONTE CARLO SIMULATION
TREHER, AR
RERAFREBRE TN ST SR e LR

[T376-8515 HEREIR

il £ T R AT 1-5-1]

R R PRI LN BT

1. #8
FYBFEAIER & 1%, WK ORLT ORI 721
FEEICE > THELS T brE—HEDFI I TH
D, 1958 I « RIRY ICk - TRIBE T,
ARG TIZASBAR EAEM % 9 2R+ R 2 B 1
WD TR L, I ORMERSATA LS.

2. Y2alb—YavhiEk

B R ITERS B AS TN D Q=1 DIKfE
& TR AN 5 T D Q=0 DIREED W T A
ZEDbLDLT L. MBHAEERZE, Q=0 D%+
RO OKAEN Q=1 ThdLEITHRAETD.
Fiz, ALHMEBHEER Y, y 2z FAOETT
MM THBEL, "INV EI=THEUTDOLD
IR L.

2 -3 3lor-ol-amar -1 3o
7723 >

ZIT, kIR = o ER, TIZIRE, JI3E
FHEEHOMRE, e TBALXT bL, BRIZERD T
DILFERT vy L THD. I 2l—a T
BEFTHNRTGA—ZLE LTI ERERELZ. K
TFRKRE % 40°, J % 0~2.0, h Z-1.0~1.0 & L7=.
ZOLEFILERDTORE<QERY, I LI
EDD 5 E<Q>-<Q>? & 3R 7= (<> IF B 1Y),

3. ¥Y3al—YaviER

2.0

05

0.0

0 0.2 04

Fig 1. Relationship between J and <Q>

hEEEL,J 22 S L T 0<Q>DE{LL,
ZOLEDODLEDEER 1 BLUR 217 L

72 JDOREWVERIZB O T<Q>DO IR A S
W ARDBENRA U7, 72 =01 B X TV020D & X,
POLEOEICKRE R RR LN,

Fig 2. Relationship between <Q*>-<Q>” and J

4. ER

X 1 ICB W T<Q>DEICIRONAE U HK E L
T, IEEETOEAN Q=1 L2572 57, Q=0
DEADRELILV b= b —a R M2 b
EMTEDEDTHDLEBEZDLND. K1 EBIW
X 2122\ T, MR R o2 ot 2 A
TWLEDHEICE—I BRLND T END, Z0
B R AR T D e EZEZAbND.

5. 8
SHOEEE LT, MEBMHAEROREDOZT
FZH M E b o o6 OREZFEENIC OV Tl
RTnL ke BT, MBHEEERICNZ TERS
TRNCESMAER M-85 4 O%RERENC S
WTHHEBELZTo TWVEZNEEZ TN,

X B

1) Asakura, S. and Oosawa, F.: Interaction between
Particles Suspended in Solutions of Macro-
molecules, J.Polymer Sci, 33, 183, 1958.

2) Shimoda, K. and Yamamoto, T.: Effect of Con-
centration Fluctuation of Solution to Membrane
Fluctuations in Multi Lipid-bilayer Membrane
System, AIP Conference Proceedings, 1518, 440,
2013.
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B39 [AlHARNA F LA m gy

B TarTh - Pk

ETERBOESSFRENOEYTHILASIAL—Y 3 Y

BT,
* SRR T2 TR A M (S

AR PAg R *
EMBETEE T 10 Y T L) ERIE LR g

[T376-8515 HESS WM RAPMT 1-5-1 4 B4H]
RIS RSP AT B L AR

. BE

iwmfinﬂ%ﬁﬁﬁx@mﬂb®&ﬁib
PWGEIICEACIAD BN ZERHDH. D XD
TRPRNGEIIC B CiA Y B @y TIRIR ORI
DONWTEYTH LB Y 2 b—3 g v Tl
RERET D, PefE e LCHIE Mz OFATF
W EE 2 5. ZOVHREICHEN T &5 1R
FOEDTHOIENY A%, AT EHRICEE 2
FHIEaOEELEE R &, Mz BEXOEST#HE L O
BURICIEH LTI L=, ZOBREEH T 53
BmEREREL, vIal—Ya U fiRe 0B
IS MR LT,

2. BFEH
FLTANT YR 2 b— g IR A VT
1To7e, x, y THMORT S5 M % 300 & L,
REMER LT, xy IS AT 72 AR OfRE Mz=6~
70, [=20~280 & L, MFHGIERAS D=1/90 £72DH 85
DTBADOAREE n HFPE LT,

J B OB T TO s T H D segment OIS~ DAL
i, r, = (x(” (s), x(z) (s), x(3) (s)e+ 2.
HmalltomanH 2:::1’(5]?—7 [Erﬁ#:fx XENEN

H=¢ N x(“)(s) x(“)(s D O
22\ |

1 L
RE =13 T2 (=X @
j=1 §=

—_—

S

TIT e, EOTHOMmNY I SR X1
]%E@@%%ﬁ@ﬁm@z@%.ﬁ»yvyﬁﬁ%
ky & UCORET ST = £/ ky, #oy FHEURLIE
& L CHESRARIE RO 7 4 B8 LTz,

3. YIalL—YarviERLER
T R EES TR L LR M, OB, 72
zot) 2 SDBIHEH OB f &<
= f(L,M,) THEED = L b5,
$&m@@&¢@@ﬁ%ﬁ&ﬁvzﬁm%mzm
XD ()R LT xD (5) s M, L) &bz

FL L 7= BlGsaRYR - Sel f-Cons i stent Harmonic el ©
AW A21TH &, A 7r—1U 7 BEf%

R*/L=g(M?/L) ®)
MEONS. 22T, gD ZoZ kv

2 b= a UHERE, RYL ML TFuy b5 ED
% Universal Curve LD Z LA/RLTWVAS.

Mz=6
Mz=8

L]
.
N R v * Mz=10
N
v

)
<0
oh

i} 2

Mz=20

= Mz=30
0.05 o Mz=40

s Mz=50

) ‘ ‘ ‘ o Mz=60

04 Mz=T0

.y
>

Fig. 1 Relationship between R.ZL and M./L.

TF—=2%E7my FLEEbOER 1ITRT. Zh
X0 ME/L A5y /NE v E &, Universal Curve |k
ey NERELIOTEH LA —V v 7B
FBRBIELWZ ERD05.

4. ®F

SATEAR R ORI & oy TSI O — AR D@ 3 18D
B BAZ, 1 HAEZRWZE T a v o
L—y 3 VTN

AT TERELIT1A] (2 fil071A]) T, 2 fi7Ta otE:
P R_#@#MZ%né D, RATL & Mz
OB L. BRHITLY Ar—1U v 7 B%
R’/L=g(M: /L)?a‘:’;ﬂ'jj Lz, ¥Ial—vs
VEER A RYL, MYL TFvy b4 5L Universal
Curve I[ZHZ L LV, 27—V L VEUENRY TH
LT EERLIZ.

X B

1) Nattermann, T.:Domain-walls fluctions and the
incommensurate-commensurate transition in 2 and
3 dimensions. Journal de physique, 43, 631, 1982.
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FBYEARNA A LA R D—Z2RFER Tus T - g

RGBT VLR ZEZRVEE) —OEFEEMIEDLEE

SREACT, HAERLE, AT
ORI R RN BREEABIEIZER [T 670-0092 o AR IS T HTAEFAHT 1-1-12]
RS MY VAV vt o

1. #§

AARITEE RS ICBEL, YVIREHOFEE
WEED, FACANCE R S 2 B EeE b iRV
LD LRoTND. BECHWS NS F LA
RO RRD L ONRFEA H Y, TORED R
. HxOFEEENPLAERICHNS Z LT, &
IEEE 2S5 N TE B, 2 TAMNSE
TIE, 6 ORI DIER L 7 A E o€
V—%i L, oWt it - okEZ2NE
L, WB4FPEE OBH A fEt L7z,

2. EBAE

AEHIEKR (A6) , BFF (GL) , FHo¥
VHLEa—HANE LT LD LR LIRS (X-L),
FAT 4T 2T H A (NG) , BTy
=T Hh D6) , a—rAZ—F (CS) &AW
Too T VALHIBEEE 1L AG, X-L, NG, DG i 1% (w/w)
L, GLIE 2% (w/w), CSI1%13% (w/w) & L7=. NG
& DG ITFM AT L 0.1% (w/w) IR L7-.
6 FEEHD &7 L OREWHIE & WA T & 2 B
i, EEWINC X 2WKEREEITo7e, Fz,
AG, X-L, DG, CS ® 4 FEIEDZ NMATHONT, Fty
LEHR 215 RO 20 A XF L E LT 5 HRE
IR REEZROCCERIHMEZ1T o 72, BRE
filiv, SRR KM B S ORR A T FEhi
Uz, FEWrE, BESEEE, WoKENE & BhE
A CAHEAENRD DB ICOWT, #EHY
7 I (IBM SPSS Statistics22) il L, —A&®D
FHBI ST 24TV, Pearson ORISR Z B H
L.

3. ERBER

1) WWrHIE < AG IXBEIIE, MW7), BT
NEX—=NEb/NSILR0, BT L ThoT.
GLITMEWr ENKE <, [RhEzx ¥ —idhasl
Y, MO ERLLT WAL Tho7z. X-L
IR O E & 80 %E TOEMITIS U TREWT SR,
LT, BT I WAL Toh 72, NG ITE, b

TANLF=BRREL, BERLLTWWI LT
o7, DCIFEMN/NS L, IS E =R F—NRE
<, FEFITHL PN L Th o7z, CSITEMN PR
ETIS, ZRAFX—3/hENd, o< H
LIEEOEFRMDOH D7V ThHoT=.

2)BHEE . WOV IERIE E & HICAE
WHEIM L7=. 30 434 Tik AG, DG OEEIEEIT R X
<, CS OFHEENBFEIT/NS < 2ol AG IO
SR L CEPREN A TR T W E RS SN
TWVDN, REFFRIZENTH RIEOR % 157
3K : X-L, NG D 2 FEMNMMOF N &
BICREL, MAMEOEWF L ThH o7z, O
D ATFICHBERETR O DN o7

4) BFRERHN : Fei o9 &, BARAHRRT S OIEA
WCHEENALBILZ. AG, X-L, CS, DG DJIEIZH:
g < RAIA RV G &, AG, X-L [
DAMZII R THEZEDBRD b, fuived st
RIRIAFRCT Z[E D Pearson DFERIFREIL 0. 990
THY, RFETIE, HTOT 0D ORRAIAS
T EFH ST

4. EF

EWHIE & B AR D5 R A T2 &, T
RFT &, APIALRT S LIEWTE T, =L
¥ —[H] D Pearson OFHBIREIT 0. 91 RETH Y,
HEZEILRO S22 6 O OB 28 38\ B 12
bolo. WM, BB R L= NEnE O
IXE RN C b AT 07 < BRAGA BTV & FFAM
ENTz. X-L & NGITIEWARMENR S, B
TETIE AG DREIEENZL <, CS 13D o,
Z OFER DN BERERAL DR AIA BT ST D
ETLT, MBEIER O oTo. RIFFET
1%, FNREEIZENR DI, RABIARRLT ST
HEBLIZ-DTHDL EHEIND. 72, BHE
FHTIET N O OPERNITERER DN T2, BESE -

W KDEBEN/ NS pol-lzdThH D EHEER L.

5. #5

BMDT I AF ¥ — - av ha—L&EBRE LTHE
A& 6 BEHO S /VOBMHIE, iz, %K
HE & BRI ORGSR & Lk L=, 7V ORENNG 7,
AT R —D NSO OIXERETHIE TR T
LRI SN, BHERMIETIX AG, X-L, CS, DG DJEIC
REFRT L, BRIBARR TV E G Sz, 7L OBk
B - KRB RSO AA ST S ~D AT
INEL, BTG T), R L I K BRBGASR
FTEEHWLTNDZ EDVRIB ST,
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HIYEAARNAS AL AR U—RRER T u s T A - i

DEERXEZVNIERMITILY 3 v OFRE Y

TIARAR - % SERFT-**, pimBEE*, M EEIL*, wENRTF
k HANT T RBZBRZERE FECEEFER [T 101-0003  SRAETUHK — Y 2-2-1]
g [E] R L R

1. #8

AT VUL, B INAK O ARALER U7 Sy BER B A
VR BE (L SPD) KR L, KEh(LL#E
M) AL LB EE A RINRE T 2 HikIC L 0 &
EERESELN e~ g v ERET L Z L
NT&E7=. LaL, SPI, i, HikofAEAIZL
VD, =vAva rORBRLD LEZ BN,
ABFFETIE, Scheffe DMk T2 22 HWn
CSPI, I, BEKD 10 OB ERD, K~
Jva L OEINER L OVEBERHME 21TV, =

Nya rOMERICKRIET 3 By DB AR L.

2. EBRAE

SPI 35 K ONMIZA 8 (W), KIZZRBK, HE
IE 4. SUFERRYAWE & VN T=. SPI, M, BEAK 10
OMBHE A IS &, N—3 v 7 2 M250 (ESGE

) FHWTZv /Ly g UERE U BRI,

TV22 BU[ERG HE G CREEPESE (R)), 256°C, 3° X
9.7R =3—rm—X—|2T, T Y@HE1~100 s' T
BB 5 TR S EMIE L2 iRB iR L v 7%
YV b B—HFEE Th (A% Th) &, EREOHRE)
HE R O BEIRAE, REFAMEGR SR & OB M5 %
Kiz. Zofh, FEIRFE (B , pH, £
B (OyeazERt) , S AEE(Z ) =T A—4
— :RHEONER I |LI7E () 72 & OB REREAN (5 aE
filids L OWELT) 24T > 7o, AHEMEICK LT3 koD
HEEXZRH L, #EEOBEAMEERE LK, 3
W OHETE MR CHEE LT,
3. EB#HER
Ooxz<ny a AFPEFITHE DMWY 1345
h, SPI MBI THHEEZ LN, @~OD=
<y a TR THERIEE b O EEME ) £ R
L7-. SPI OAENRE T </ g T E pH AN E
<, B3/ T, REBANMLS, WX, fFHEME
DRT, BHEIMHICBW TS, bk & ks 8T
WEFH S L7z, FRC@ & @K Th, FRIRAE, KEHH
HEREA R R ENT. BEKOKEORE NG, ©,
@AV Th, BERAE, WHRMEGREEZ R L. Mo
KEOEND, @, @QL®IFINLDOFHOEE
rLE. £720Q, @, @ omEtEERItho =~
Nva vl g L TRWEEZ R L, RV pH, S

WHEM, RIFAKRT, S, FEERMELS, E\DH
MEEAL, B, X, oS, MRSERERE
BN THENTZ. QD =<)Ly g IR A v
77U — bR, @QiE~vax— X, QIFRAT Ly
RERDOIRZ R L, BEHEEM (B4 DR A TG T
BEIZHENT.
4. ER

DOEBRL O~OD T~ /L = L ORSHEAITE DRV
13, EREREN - RERHE O, B S LR OM L O]
(HIBEASRRO Bit=. T, TSI B e -
RELFOMLE L FIRIA S W, ZOfth, Th, FRE, kEHErE
1255 & BB O S & O/, BHREIIEF O/ E D
MIZ, ThiXELFOE L REFHI & ORIFRIAEED &
Nz BEETHE CHENZROKEDOHNO, @,
Q@oxz~ /L 3 0E, pH, FHEWEHES, s, 3%
PEDMENELS, WoNEINHIH T~V 3 &R
L7=Z &0, WO EI=~Ly a3 O
ROFHIIZAZTH D Z LR EZ BT,

5. #5

Th, FERME, REFRAMECREL, WRENMEFEER OB
IXERERHIE ORFEAE & ORNTFBIAR®S Hi, SPI =~
Nya v OYRIROFHEZIZED Th o7z,

B o
[V B a2 VY el k= = S B e N 031117 5= == S S A 7 A
L RFET
x B
D LR, SRR, FEE T, AT, A
Bl KE X iRz~ arn
Wz~ a VEEERIA LR
O, AR T3k, 63,5, 2016, BT iE.
2) H. Scheffé. : Experiments with Mixtures. Journal
of Royal Statistical Society Series B, 20, 344-361,

1958.
# 1.  Scheffe OBHIARTFE I X SHPEEIS b

sl BT ROKAE H¥Eatt (£82100g)

EBS =3 123
(X3, Xz, Xz) SPI KEH " K
@ (¢1, 0 0) 23 36 5 36
@ |Co, 1, 0) 4 55 5 36
® (€0, O 1) 4 36 5 55
@ |(1/2, 1/2, 0)| 135 45.5 5 36
® (0, 1/2, 1/2) 4 455 5 455
® ((1/2, 0, 1/2)| 135 36 5 455
@ ((1/8, 1/3, 1/3)| 104 423 5 423
® |(2/8, 1/6, 1/6)| 16.7 39.1 5 39.2
@ ((1/6, 2/3, 1/6) 7.2 48.6 5 39.2
a [(1/6. 1/6, 2/3) 7.2 39.1 5 48.7

BF : 4 3%EFER
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HIYEBAARNAS AL AR U—RRER T us T s - i

WVKRUVBBLY IS V0DKBEBEPTOREEL

KRS, HH—E*, EpEHIL"
* RERKRZERZE: HTSERF [T376-8515 LS MR A RKARET 1-5-1]
FERBRORZE R FEMFSERE [T 560-0043 BT E i e 1 LIET 1-1]

1. #§

Y747 (SPG) 1B, 3-7vay RiEREE
BT CHY, T L a—Z 3TN 1
D B-1, 6AEEDMBE T L a— A %H>. ZDOLPHIK
WU TR 2 S S ARE TR 5. Y
Crescenzi HI3i# L 5 #EFET MU v A (Nalo,) & i
FEET MY A (NaClO,) % FAV iz "B ORI
WX VMBS v a— 2 E BB ST Figl (RTL
AU 7 4 5 (Sclerox)Z Ak L=, 2 BT
VR LIEDPEA I N TND 728, Sclerox 1T7KIAIK
HCEME RS TOWEERT,

Nl o)\g ‘f»«_ M\“%

Fig.1 Chemical structure of carboxylated schizophyllan

Folf, Fex T Sclerox MSUGEIC ZRARZHERF LT
BY, TOHTIEEEN SPG LV bJEIIPERE < 21,
Oy TR L 705 2 & il LT, ) AWIZETI,
A EOCHER RS & A AR v~ T 7 o
— (SEC-MALS) , KUMEEERIEIZ LY Sclerox D=
D ADIRIFIR P COREZAIZ OV Tl L7z,

2. EBAZE

2-1. &k SRR L7z SPG %, NalOs, % NaClO,
% AW TER LGS > CTEYLEEDEL72 % Sclerox 7k
BHEARK LTz, &k L7=stEloiRLEDS)% 001 M
NaOH % PV o BRI RSR B K 0 IRE L7z,

2-2. SEC-MALS #lIiE: Sclerox % 0.1 M NaCl+0.01 M
NaOH /KRB SWT=. Z OWiR4AE 40~90 ‘CT2

R INZELER L 7= 1% 40 °C T SEC-MALS HIE&#1T~7=.

SEC 77 7 4 & LT SHODEX % OHpak-806MHQ % —A
B2 H vy, MALS (T Wyatt technology DAWN
HELLEOS I & v /e, ¥ HIRIZ 0.1 M NaCl /KK %
FVY, 1.0 mi/min OFEHEEE CITo 7.

2-3. KSEEITE:  Ubbelhode =B RLEEEF 4 VT
Sclerox 74+ 0.1 M NaCl+0.01 M NaOH /K¥HE Dk
ZRE Lz

3. ERBRLER

Fig. 2 1% Sclerox-1.0 (DS=0.32) @ 0.1 M NaCl
KT 0.01 M NaOH DRBESAET 40CH 5
90°CC 10°CHk7 T 2 R O IR I ]I E S
72 40°C TP SEC-MALS JIE DFE R %7,

o 40°C

. 1001 o 5 50°C
=}
£
o0 5
~ 10°F
=
10+
0.02
o
0.01 ~
e
0 o
a
2

Fig. 2 Elusion curves for Sclerox-1.0 (DS=0.32) in 0.1 M
NaCl after heating at indicated temperatures for 2 hours.

70°CLL B OMBLELF DFETIE, M Mo
— 7RI, & MO E— 7 B3 Lz, 40°C
T L = OB T T M=184,000 g mol’
(M M=1.7) TH o7, 90°CTMEL -7k
Tl My= 107,000 g mol™! (My/M, = 1.9)FE TR T L
7o [ U4 CATh L i b B I E C b AV %
ORI T Lz, Zh S Ok FITEIC £ v fi7
BE L7 BN S HEE SR L, =
POHE—EHAOEEL(ER R TH D Z L 2R
LCW5., E—7ENSMBVEEIZIT E A CIRT
L7222 & 035, Sclerox D =N S HE—F~D

HEZ TR EZRETICEZ S L EZbND.

4. &5

Sclerox (& = HE ) & B — S~ EZELIZ P RETR
BAERTICEZY, Z“EHE B -HORAREL
nAh.

X ®m

1) Norisuye, T., Yanaki, T., Fujita, H. J. Polym. Sci.,
Polym. Phys. Ed. 1980, 18, 547-558.

2) Crescenzi, V., Gamini, A., Paradossi, G., Torri, G.
Carbohydr. Polym. 1983, 3, 273-286.

3) Yoshiba, K., Sato, T., Osumi, T., Ulset, T, A.-S.,
Christensen, E, B. Carbohydr. Polym. 2015, 134,
1-5.
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HIYEBAARNAS AL AR U—RRER T us T s - i

VITASVDKBBRPTORF-BERFER
CBETZIALRFLEBEADOHR

WAERAL™, &5 —

HE, A AEE

==

* BEEKZRZE: BTSAT [T376-8515 LIS WM AE T RAHET 1-5-1]

1. #§

VYT 47 (SPG) IFATE R XL EAIN
O RIRZFET, AEIRT CII=E ST A TR
T5. VKRR DY T 4 TR, RIRTRIB O
- AR 2 b TW A, I,
EE 7 V3 — R & KGy T & ORITTIZEL S D et
DAEHR TSGR DN TIPS IS /25 2 L Tlg
Z5.

T4 T OB AR & O ElERel, SRR
(b2 AW TEEAHER T 2 BRI VR U s 7e o
f:ﬁ/l//‘l‘:.‘/ﬁéﬁ” 7 47 (Sclerox) BNEHD

(Fig.1) .

cn o

- - =
é:;”diz”di/ d ;“< by

Fig.1. Chemical structure of carboxylated schizophyllan.

ABFGE IR IR 2 52 % Sclerox DEE,
JE D% DSC, &U}J){E%r HECTHELZ. B
ToRERD DRT- R FHEAE O oy TR 2 32 =
EERHME LT

2. EBRAE

2-1. @8k SPG (M,=34.1x10" g/mol, M,/M,=1.4)
EHAWC, BX5FEBET N UL LHEEREBET N
[ 2N N ) B 7B P = CHRZ R D a2 = 2
Sclerox-O.Z(Mw:32.4><104 g/mol , M /M=1.4) ,
Sclerox-0.4 (MW:32.2X104 g/mol, M /M,=1.4)% &
L7-.

2-2. DSC #lJ7E: SPG, Sclerox-0.2, & " Sclerox-0.4
{22\ T 0.1 M NaCl D,O % ¥&# & LT Perkin
Elmer Pyris-1 DSC % VT DSC#liE L7=. 10wt%
FENARIZ DWW CAEEREE 2.0 € /min THIE#4T
-7z,

2-3. BEEW E:  SPG, Sclerox-0.2, K W
Sclerox-0.4 @ 1wt% R EHAHK DI & 589 nm (2351
% e HESE EE [a]sgo &2 JASCO DIP-1000 gt & CillE
L7, ¥EZ 0.1 M NaClD,O & fv 7.

3. RBHMRLER
DSC JIED bR D 1= BB OB T, Hi55
T ZNVE—AH, RO DS % Table 11275
. DS OHAMZ N TR T L, AH IR Lz,
Table 1. Transition temperature 7, and transition enthalpy
AH, for the sclerox solutions in 0.1 M NaCl D,0.
Sample DS T,/C  AH,/k]I mol’

SPG 0 18.3 3.9
Sclerox-0.2  0.16  16.6 3.0
Sclerox-0.4  0.20  13.9 23

35

OSPG
ASclerox-0.2
OSclerox-0.4

[ollsso / 10 deg om? ¢!
8

0 5 10 15 20 25 30 35 40
T/C

Fig.2. Temperature dependences of [a]sgy for SPG,
Sclerox-0.2, and Sclerox-0.4 in 0.1 M NaCl D,0.

Fig.2 124530kt D[ 0]sgo Dl EEARTFME 2 1T, BB L
FEoEmE & IR IRR~BE L, 7 e
— R&Zpole. ZTHUIERIC K Y DR B D
IBEPEASHhIZZ LICL Y, BREBEOE SN
B RolzlbEZLND.

5. &8

VT 4T ORBEEEM LT B &, -
DEBIREIKTL, BB 2L e—3dd 5.
A LEE O X 0 B EOR S L, il
BB,

E
L2 1Y e a3 S DY N NS SpNE 2 s e | A S RV
Ve LBIR N 2 L E T

X ®

1) Norisuye, T., Yanaki, T., Fujita, H.: J. Polym. Sci.,
Polym. Phys. Ed.1980, 18, 547

2) Itou, T., Teramoto, A., Matsuo, T., Suga, H.:
Macromolecules 1986, 19, 1234-1240.

3) Yoshiba, K., Sato, T., Osumi, T., Ulset, A.-S. T.
Christensen, B. E.: Carbohydr. Polym. 2015, 134,
1-5.
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HIYEAARNAS AL AR U—RRER T u s T s - PhiE

MEFELIBILDIL DD LKBREDEMBENCDHEEDT A FII R

BRFEK, SHEEE, SMUER,

R, ARRRR, A&

FER KRR EE TR [T 376-8515  MalA= i RARET 1-5-1]

1. #E

BERGAI & 0 TR & 2 BSOS CIEZREANC L0 &
PSR LASGE L, =Wocid B G A TER L 7L &
2%, TMMEDF AT I 7 RTRE T TLUEAR L
FTIRROIRE\Z X D7k E, B4EH & oy TR
DOERNZ X5 B0 “fER S 5. 7O TE
FRTA—=Z L LT, BT NGE, ot
ERHY, —F, BHE TSV, SILORLRE,
TN ORESHER DD, ZNETOT LD ZA

T ADWIFRIHZ L A EDBHIEICKTHHDTHY,

BBEOHIZEHNI IR, HEOWRTIE, A4
I AERI /NG A—=ZINOROMWEIZET 5 L0 £<
DIEREF OIS FREMD D 5. AFIETIL, FARMR
AETHO LA IMSE/ LT VD DKESERD 7V
b (REEEFR) 2 %E DFETIT, ZOXAFT IV R
DB TE 2 IEFRIC OV TR
2. EBAE

U~ HRRAE LR (A AR S A A7 X MFSERT) &
15047 B U I SE(PFP : Platelet Free Plasma) % 457-.
%7 7 U VBOE I AL BV BRI HTIR
ZREo T2, 25CITRWTHEE D V> T AKIEK
WCRE S, Pk T2 0 AT TlRE L,
Y N=F VR EOBE B L. ERIT LR

TEE L AL L3 T DR ERFIEIC OV T T 7.

3. ERKER
M L L D BOKIEIR & OB L D

T IALTIE, lag time D& S D 7 /VEDRRE L
72, W, IS IVE L VRSO R IR
IR CH -7z FIVIE X ORGBEIRFR] ¢ (KEE A
R B8 (Moving Boundary Picture)lZ & 2 B
"

(5 L)l e

1)
LU 22 TX=X/L, T=t/[}Thy,
LTV RThD. £z, K, 37 NVOREEEER

TRGA—=HTHY, [Calihtfild 5. £7-, BT
M E ENDPUEHERORA LR T T A—& T
5. Z ORI X 0 T E1T o TSR Figure 1(a),
OITRT

A15mmtz)L

©25mmtz)L
01 o35mmtzIL
0.05 o45mmiz)L
o
0 05 1 15 2 25 3 35 4 45
t (min mm?)
0.35
) o e 030mM
o ) } g ©50mM
. 0.2 o & ¢ _~b 0100mM
~ & s a
) - a
o o e
0.1 o % o e
. o L% o
0.05 s} 5
Nt
e
0
0 1
t(min mm-?)

Figure,1 MYEEEEBRED© L EKIEIE() & Hfb b
ST BRI RAEME(D). ERRIT(1)R A~ fitting Hh
AR

4. ER

FERAE R T B A RITRTE L7 (1) AA3E Y 52

ST EERFBL, [CaIAVINE WIEE Evs.F O Hep

BHTHD K, 1Z[CNTITIEHIT B Z & &R
L7, lagtime 5 X UVT A =% K, /[Ca*]& BT
MEEOFEFBRICHT 2B L 525 HE2HND.
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DNA/QAv=¥425)Lavor oA BHicLd
FOUYSOALOSORE

O™, FemRRAES, MRS, RIERAT, AR, i~
*EERE R T AT [T 376-8515 AR KARET 1-5-1]

1. W8

DNA IFHEBAME A X —T L — a3 T
KO BIRPICHET DN KISETH D=8, Kk
K COWEM & L THWS 2 DITITRRIEMEIC
THVENDD. ZOHODOHiEE LT, %R
RLMH T AN L VERGET B kG s T
12 Fm WEME LTOMERE LIPS0
WX R L m < LRIE RELTHLER S
5.

WA, =7 ha A= 72k0, FRIEHE
DRENT ) T 7 A 8= 0 T D A A % i B
ERICE B L 50 oT, 2T, DNA & &
SDTERETZL Y hr A= 952828y
FHEFITE WD T EEZ D DNA & i £ 87 Rk
AR LR R AW EM & U CHBET D AR
WndHdEEZLND. RIFIETIE, DNA 5T
av=yr 7 a<wrF o (KCGMAKEREZT L7
FRAE=V T35 22X 0 ER L 7= Rk &
{LFEEHE L TR b 258 % AV T, DNA &
VHE—= =R —=ThHBT VY F L P(A0)
ERPDAMEOETVWE L LT, TOWEEH
iRt

2. ERF5#E

D Triton X-100 &4, DNA/KGM OFE
H LA 0/100, 20/80 Td 5 KIEHK & E N AER
L, TV 7 huRAbE =2 7EGEE 27kV , EE
42°C, WE 20%, EMHMEEH 15cm, it &
25nL/min) (2 £ Y REAGT &2 fER L 7=, ~F 3 2
FLUVA YT =MLY, (bFEREEIT-
L BB OREAMAIEI Y QKTHSIZHEY,
AERE S 2. WIZ, 20ng/mL AO KIAHK 50mL
WZBEAE L 7= R84 10mg %3378 L, 495nm O E
B E, AIERE AW TREFRICHIE ST 5
Z Tk, AO DREELEFAT.

3. BRLBE
IRIEIRFH] 612301 DIRIEIAIRD AO IR E Cao(t) & I
il 0 IZB T 2 THEI -T2 b DDOR A L% Fig.l

129 (Fig.l ). DNA 2& £ WARRRAIC L D
W& 1% DNA 2GR0 IS & D WEIC I~ TH
GINE o,

Cao)/Cao(0)
o o o o e
o N = ()] o0 - N

0 50 100 150
t(min)

Fig.1 DNA/KGM=0/100 () , 20/80 (M) T{EHL
TEARREATNC L D AO A5 %)

Figl £ ¥ DNAlg %729 O AO Wa5&I1T,
0.268g/lg TH-o7=. ZOfEIE, 2V MEELT-
DNA #/L E— X225\ T DOl 0.039g/g 2 %4+
HRIBEHC L W 2EKG L7z DNA 7 4 L AIZDOWTD
il 0.014g/g® LR K&V, Zhix, 7/ 7
TAN—DRIAE LT RICEHbDEEZD
n5.

4. S

DNA/KGM F#fioo A0 WERHE LY, &
DNA & REAT DI W E WS L LT o
REMEDVRIE STz,

BERR

1) Wong, P. T, Tang, K., Coulter, A., Tang, S.,
Baker, J. R. and Cho, S. K
Biomacromolecules. 15, 4134—4145, 2014

2) Furusawa, K., Wakamatsu, M., Dobashi, T.,
and Yamamoto, T. Langmuir, 23 (20),
10081-10087, 2007

3) Yamada, M. Kato, K. Nomizu, M. Ohkawa,
K. Yamamoto, H. and Nishi, N. Environ. Sci.
Technol., 36, 949-954, 2002
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FRMARANAL AL AR D—FREE T a s T b ik

RNABRBHESTFUOSLRBICE TS5 MEEDORLGT S BEAAMBORERE -

15hE

AR, mARERET, M

=Y, AR, mpE

RERSKEBR T AT [T 376-8515 Ml AT RAPNT 1-5-1]
IR R AL PR B AR AL 2 5[ T 370-0033 i o o HEMT 37-1]

1. W8

B Rt~ A 7 1 7 L R T R RO AG
FEJE OFRNT L0 Sy RIEE & I C & D 7o 2kR
RIGSANFRETH . ok, AHREhoEZ T
SOKBSIRIRI SRR A R Z LI L v 55
No~A7ah 7w nE R E L CRHESEmEE
IR R ST D &, IEHAIR(WI-38) I X5 M 5
=5, BAAL L7 MiE(WI-38-VA-13)i3#275 L 72
WZ ez V. 20X D AR R
MESFMIRICIR D 2 L 2D hd DV IO T %
RO 2 O EER b 5. RIFFE T,
SMEEEDRAR D e FEHNAMNZ % S, 250
FREGSIERNIC X DM OEERS - B R~ S 2
L xR AT

2. ERAE

AVFXrH AT T 7)) VRN AT
IV % Swi% DB T THOBBAERL L 72, kI
Z Oy 30ml % 40°C THRA(S00rpm) L7223 5 1
0 wt%® 7 F VK E 0.5ml iR L, 1 VA7 &
CHNCR T F U A ER LT Tk 15°CICR
B 5 10 /18 U TG VR T & LTz
#%, T OB Z~% Y 30ml T 3 [EVEE L-H
L, BABRAERFLESF o~ uh RN E
TERL U=, SN R tov 1, 3, 5, 8 EfH] &
Lz Bonr-tosFr~arahrenii2—
TanR) =), =X )=, TOVN%TH ) —LT
ZTHEN 3 ET oW L, AR S
o, BohiEsFr~Ar7uherzigiht
L-Hilss %L 21772, Bohik~A7ah
TR RS E W, AR5 (MKN45) & b (M
KN74) O & b H 23 AUl O R E S & 1T o 72

3. MRLEE
MKN45 & MKN74 % ty=3h TIERL L =B T F o~ A
sah 7N ET 6 BMBEBELEZBEOKET %
Fig. 1 {Z/R”RT. MKN45 (Zam=—%1{ED, 7L
ZRET TG L, h S EA~OEE IR TE R
VL MNT4 I r =— %Y, NS R T
FYINTHERE LTS MKN45 13 tv=5h TH tw=8h
THI TN ~OEEFIBEINRD -T2,
MKN74 1% toy=5 h TlEz m =—230 ) X 2 il i ©
BT RIVACHEE L TR, =8 h TIIh I &L
~OPEITBES N o7, SMEEMEL, £
7o, SRINRBR BRSNS VR SIS
Lz < WEMNE, @B (MKNT) § & TIT o7
BIRBHE T F o 7Ly — FTHBIR I,
ULoX oz, B~ A 7 v 7225
FCOIES AR & 23 AL LR OB
PEDE N EFELLOBIRENLE D B2 5 H S A
HITHRLND ZENS Tz,

FRAMESERRAA L 5 TEM 1T K 2882 TlE, A
b L 7= MAa CrafAusl & 7 0 2 35 03 ik LA AR R
TSR E SN0 LT, EFMRT
IR b S BEb B ST, Milan S vz A
VIAANTHEE L TWD OBNEE SN, HbED
e BRI CRBRZEENBIEI NN E
IMICODNTEBRHARDLTETH 5.

(a) (b)

Fig.1 Microscopic image of MKN45 cells (a) and
MKN74 cells (b) with microcapsule scaffold

S 3Lk

1) Dobashi, T. Koike, M. Kobayashi, K.. Maki, Y. Yamamoto, T.
and Tanaka, S.: Progr Colloid Polym. Sci., 136, 149-154, 2009
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A=/ NERE U 5 S

AV YT NaARFUOREHRONFHET &
2L VUREEE

Ve AR, [ OIE™, EHEZSHE, M
*RERS KRB LT[ T 376-8515

I OKIFRAT, BAIRE T, A

il A= T R 1-5-1]

TR RO [AEvEE T T SO B AR ET 582 3

(1

1. &3

HERIEERFK LT DA MBI K DB
BEBYUTIERT D b b OBRBECAERERICRT D%
FENZBHIET DB D, 5RO REEEWE OB
PHED LN TND. T T 7 A =05 72 D A