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Table 1-1. Polymeric Materials used as Artificial Organs and Medical Devices

Polymeric Materials

Examples

poly(methyl methacrylate)
(PMMA)

poly(dimethyl siloxane)
(PDMS)

poly(ethylene terephtalate)
(PET)

polytetrafluoroethylene
(PTFE)

segmented polyurethane
(PU)

polypropylene
(PP)

poly(vinyl chloride)
(PVO)

poly(2-hydroxyethyl methacrylate)

(PHEMA)

polyethylene
(PE)

cellulose

polysulfone

Interocular lense

Hard contact lense

Bone cement

Dental resin

Hollow fiber of artificial kidney (blood dialysis)

Soft-tissue replacement material
Surgical dressing

catheter

Artificial vessel
Heart valve
Blood collecting tube

Artificial vessel
Suture

Tendon

Artificial heart
catheter

tubung

Suture
Hollow fiber of artificial lung (blood oxygenator)
Syringe

blood bag
tubing

catheter
Soft contact lense

acetabular cup

Hollow fiber of artificial kidney (blood dialysis)
Hollow fiber artificial kidney (blood dialysis)




Homogenius Surface

Activated

]

Disordered
protein layer

Heterogenius Surface

<__:] No activation of cell

Control of cell menbrane fluidity

]

- gq——— Organized protein layer

Figure 1-1. A schematic illustration of nonthrombogenic materials
with microdomain surface.
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| EERRLIREE2ETERERN Y0 — 7 M BE(Scanning Probe Microscopy, SPM)[45] 4%
¥ﬁ6ﬂ5°%M@ﬁf%%ﬁ@wmmmMME%ﬁ®mﬂpﬁwT@%k?%5%?@ﬁ%ﬁ
#(Atomic Force Microscopy, AFM)[46]113#HEME 2 Z O X EDKRETHETEL I LN 5
BlCAEBS T TH :ﬂ@E)?’ﬁ @ L TWwa, £/, &if T E# 5 (Frictional Force
Microscopy, FFM) ® & % 51 (Magnetic Force Microscopy, MFM) . & K L #* X
(Electrochemical AFM, EC-AFM) . % T id ¥ 3 {4 5 (Scanning Viscoelastisity
Microscopy, SVM)72 ¥ Z B &L T 2 FEMNELIN, &HTHFNOEHM OO ITEL W, filX
B, @F - BUSBARVIFL O HEEROXRERELZAFMEFFMMA S @TL. P TESHTERD
HRDFREBOEEABEICKRESEEL TVWLEZE#HLOMIIL 2[47]), £/, BR-HBEXD5
WKE EICBESFRFRICEBL Zpoly(styrene-b-methyl methacrylate) 2 A1 1 LEIZ1E
HELIEHABOAFMBER(F v ECFE-—RNEFTV, FTHIADS 5 ATV OEERBRITHK
HlLTna[48]. BICRILSBESBRIAFL > 74V LARBOEBHKKHEEEZSVME R WTHE
FL. #FRMN26600UTFOBAREERT TI/ANAZARTLARBICSHZE 2RELTY
5(49], £/, BETHAFMIC L > TS EERh 70y /7 HEAEOI J O EBENBE S
hTwns[50-52], LML, BELHECI > TRHEASEBEOR FRRESARD, EDXIR
AEREVBREINTVEIAEDVTRRERBRIEADE VN, o, AFMTRREOHE®RL
BaZENTERVWY, TEMBETEHABORAEEEZTI XTI ETERLONILY iTEﬁgﬁz
THIENTRETH 5. TITRLAFIREHBEOHEFWBEFRELELTTEMZAWVWS I EEL
e NIV OI 7O EBEEZICEL TRTEMIB30EU LOEENHD, ZAEHECHT D

IVOMNEEERZROANIIEDEL TS EEDN S,
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w1

TEMBZEO =D ORBAMNEIIAE<3DEATONS, BOBELR S EIL. KRB OEEE
Uy R EEEMEL, BRTaE#ETH2(63), WAEHE -BHoRkAY TorL o4+
B REFATL610MERBTIINF IOy VBB D0. I%MBEERE N — 8 2 7= 5
AVvia FHETFLTHELAABZEZEERILZETTI TUINRERELZHEOBR %+
fioTna(54]), #EBRSTERRICENTEFROBAENEN 20, REEHIAB<TH
HRT B ENARETHDEREL TS,

“OADOHERL TV AETHS., CHREEOEENARMMETE LR LT Y HICHL T
xR e, MMEEMT EAE LTEHBTSFEETHB[38]. LT UHELS S
SNBEBERITIOMOATHY . RIEOSPMOFENS ZOHERTEELZ>TLES 7=,

SOHOHENBEINETH D, RENS50~100nmEBECEIOBHYFZIOHL, B
BEFV, REETLHETH D, BHEUK 2B Cb T EIERTRABIN TS, =
BFTHACBOHE 28T 2863 F CHERVD, RFRAMBESIYES RS 1 7% A
WTHHYAIRTEER 2 EMZ V., 22T, ML AI Y ADRHELIL T A7 EDREH
ERAWTHBZEAIETHAS, bLRABETeU FBHLERKLZE EORETYN % 1T
5, BEYAEE2-DICIBNURANEBNILETHD., —BHERLLAEL, 22T, #&
FRREHZEZHAWEEEORETE - REEZToTHrSUROHIZTS. X TIMESIEI2 TR K
H-RECEROINNUELARIYAOSO)ERBLTEE - REINZZ EEW5 ML,
ABSEIlEO I VOB B EZTEMBI RN SHMICES XA TWAS[55]. £/, Trent 5 12 ME 1k
NFo A EAVS S ETHUEAATAIY ATHREINEA I3 BMBEE - Rana
BETHDIEERELTBY, RUIFLCOIATRIVOHMDERECLT TOIIOKRED
BRFEEELTWVWS[56].

UEOBEOHFT, TR I/ HEAROXABEZLES AP ICIBEYRFENREDBEL TW5,

BRERSEEETHEINIBGRIEERHNOBEDH TR, JUYy FEEHFARATLIHEBEITNT
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#ElE
DEEEZZBLEERTHD, TRTHENEDESNLBREL THEINTLEIASTH S,
Fio, LU BMETRREDtopological BEWML B ONT. MO OXBEHICHEITILS A
KRESD LR TERY, 4, BEYFETR I ANLOREICHL TEBE LI OH L
FREYR OBRERGEHEETL L TREATOI VOMPERBEEE XD ENARETH
B, GIAEMES EHT v F > Ui OABSHIE OREHE 2 ZOF kM5B - kL, Ty
’?Vﬁﬁ&of?&ylygﬁﬁﬁwtﬁibfméCt%%%#tbfméwﬂo%$'E§
III‘5Li’fﬂﬁiﬂ:ﬁi‘l:1'0)poly(styreneAb—isoprene)#&i‘aﬁi@ MV BEERNSEBINET )L
LADOKIBETEM®BN S, NIV JEIASZROIIJOMBERETHD L. EREZBMIITLEICRY
AVTVEBTEDNTWS I EEZHSMNTLR[68], £z, HBEEHII KO EREEZA W
EHREE. NI IOIV OMSBERBEIIASRKRASBERICELTZN, REGOKEXIELE
TRUTSIPICVETEDLDNTWVD I EE2REMITES X TV S ([59]. Annis 5 i
poly(styrene-b-butadiene) RES KD EXEEEEZTEM. AFM, ENEEES 5 BAESEMM 5
Rl IXTOHENSGHOLONDIRABETITFEN NI EE2RLTWS[50, 60]. L,
L. WTFNOBBEMNBEHETTOREEEETEMBEZNSESATVWEDATHY., MR

ABGEOBEBEOKRTZHENICES ARG ETIRHREEIN TN,

IIT, BUMBBEMMBCRAZR LW, RUTLSY 2R3 UDHETEHIEIERMK
BEHEMEBICDOWTHOREHERENATTON, REBELMKRBESHELOBEENRL SN TEE,
UL, BRI SXEMABEDTRABORELRMTEEL TREABENELT S0,
BFERBET THHAEEFB LK FBEZRAPEEBROGEA KA T THLEAANTREOABENRE S
EMBNRTHING., £, KRRB—HBICENZRBEW S EF T AL, BAEREE T
LN EPRABHERZ RIBEER D ZSATLMRAEL BIIHFEL THD., EFICHEMR

2TH2. COELHBRRET T, MEKEGHEMENEEMNICEOIDRZEERHEL THLH 3D N
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BIE

EHONCTHIEDITR, REMEBEIIHT 2HMZLO05MA LT TOIENREERE T
HAHD. Ein, TITELNDHRITKM RO MK S MO TFRE BT OE T TR,
HEORBERALTNSHYE - AE - B - - HR-EREEMB OB THEVWEERATH

HEMEBELTNS,

BEDISREREEIE, AP THMKRBEEEME & U TORBEH T EEAKME-BKET O v
JHEEGHIEEL, TNOEOREMBEIC DV THMAARNET oz, £k, EENTOBREM
WEINSHEUR ESLAD I EBEMTH D 720, EHRNICELLAREE L CKPTOETRG K
DNTHFMRFENZT Y., REELICH T2MERMOBEMELKIBERICB T 2 BHEES o
ZEDVWTORNET 22, TUTERNTOMBETORZJHVWEF B UL, BERKO T
BRELTH, BEBR¥NFHETHITEMBARCESAZRK >/, T0w /HES EETABELE I
IEEL THBEERT B L TREICHERLELDIR, $5TRETEENOL S BT
ARENT VDY, BROFEMEORTFEZERLNITE S AEAREEBEERT, choORT %
AR ELADIERERICHERTHDEELB, UL, (R EMARNTEINS T
Oy 7HBEHRCKRAMETDH D, Lok DEDDORNHTERL SETMIRE E2RET 2 2 &1L

BREH#ED., TIZT, e THEMANEEXPSHENS bMITEF S L& Lk,

ST, COXIBBARME-BAKIET Oy 7 HELSRORTEHEMTET OB, HEAETO b
DOFTFRPFTRIAM. MG Loz —KEZ TS HMT 2 LT NS5, — ko Hl
Maen7z7oy s R —2BEHEELTRY oAU LIV ER6L, 621, HFFLUE
JHEAEL63, 64]. FVHNIEL VEAIE5]. BMUE I/ EE[66], Y —FFS5YA T 7 —
Hel67]a 08T oNnd. CORTH—REOMBLEBNTET. AOEMATERT ) < —

WAEETHEIRANS T oAV UEYTEANRDENTWS EEDNE, TTICH - FIES
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FIE

BAER S ICHEMADS L <132, 3-dihydroxypropyl methacrylate (DIMA) &, BKMER D IZ
AFL. AV T L2 4-F T FINVAFL O 2ETHHAEDOETOEKE-BARKET Oy JH#E
BhETACVUESVEAALART HI LKL THDI68]. AHRICBV TR, Zh 5
o7oy s HESKEZ MG E L FRAMERTETS 2 &L, £, FillEKER2EL
THBEKRBICRE-RE “EREEZ/H DA (- FMAFLYEATZTOy JHEGHI
ONTHETEERNZEZT >/, M1-2ICAWETHE-> B KE-BAETO v VHESEKRDE K
BOREMEERLE . TNENOHN FREBAID L TIXE B THMICRET 225, Bkl
DRV, L¥BEOENTEN, TEOBWAXRMNBECRELALIIEELAREBERBEICL
DEIREEBERETHEHOHM X THIE ZEMICHERF2IT> TS, HiK4-(T-F2 F
SINAFLORBELUTHTEMBRIC L 2 XRERERITOLDIZERIN-ZbOTHD, HEET
HMICBRZN, RE-RECEESIIRAFITHIOINBIEAAI VLI > TERSRE - BE

Ihalkd, EHMTOBEDELEELLRXADIENARTHDLEFRALTND,

FHRLEOEN SR D, FECHESPE2ETHETEREORZL2BEOHEMA/AFL > 70y
JRHEAAROREAMBE T DN TIENRD, %3%@1@*@5&2%%4 V7L ELRHEMA/ AV T
Voo 7 RESKOEBEBEETOREREHIIOVT, B4ETREDIMA/MY LT 0Oy
HYHBEEEDETENNIOI 7 OMHPBEREIIDWVWT, BESETWEH4A-F I FIINAF V2 ZEHKE
BAELToy 7 HEAKOEAMKEII DV T, FE6ETIRHEMA/4-(T'-F 7 T2V AF VL
PTOy yHEEEONN IO IV OMABEREOETN 74D - EXAMELORFRIIDONT
BRD, FLTETETREE T Oy /7 #HEGRORABRTT DOV TORERFA[TRIOVTIH L
B, FTO-RESCIEHREPEOREEBESOBBRERSMCLE. BRETR INSEH KK

“BAET Oy IV HEAAOONREAUHLFTOATOHEANOGAS., BLUNMKEGIEEMBERE

ORI DONTIRRS, FIBETRERNEREL -,
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. Hydrophilic Segment |

s
‘é CHy— ?%‘n

C-0-CH,CH,OH

Il

0]

poly(2-hydroxyethyl methacrylate)
(polyHEMA)

l Hydrophobic Segment I

-(CHZ-CH)—n —é—?H—CHz }n
QO

C 'CH3
n
CHz

polystyrene polyisoprene

' -(CHZ-CH-)-F‘

f
fon—o

| n

C-0-CH>CHCH-OH

3 OH

poly(2, 3-dihydroxypropyl methacrylate)
poly(DIMA)

—(CH?_-CH-)—n

(CH2)7CH3 (CH2)6CH=CH,

poly(4-octylstyrene)

Figure 1-2. Chemical structures of a series of hydrophilic-hydrophobic
block copolymers.
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wmoE ARAHAEORLEZ2EEOO2-tRoF TFI
A% 7L —KrMHEMA/AFL 70y 7 ESGAEROERERHE

2-1 oI

%1??%&&%;5KMMA&X?V)#%E%MM@FUjmvﬁﬁiéw\
poly (HEMA-b-styrene-b-HEMA) i3 H2- 11T R L 72 & 0. IUANTFOANERIBIES
KM7I /) BREFETSLSA THEMAEfRBIZAV I T 2= EEETHFVIATFLEDM
MRS S, 1978 FKEHS kLo TN TERINAZ[1]. MEF 5 I @ poly(HEMA-b-
styrene-b-HEMA) ® M@ SEMEL & L TORREEIZER L. M EEfT . BIAEA
) JHEMA & F U TZFLIONTEEHBLTHRLOREZIMEO T Oy VHEAKE TR
L. 7ov 7 kESK, A UHEMAFZARBEYAFL OHRERY I— & RFLEMEK EOHEEMR
ARSI AEEANTHANRE. TOBE, FER)I—KERTT Oy /& BESHEOREIIEM N
AR LW T &%, BICHEMAGE LA EA60%0 T 0y & K ESHRORE IR Z
CAEEELEVWIEEREL TWB[2]. £, ACHEKD T A AHEBEESEICIZ MR E O
MEDEN BN EDHEMICTL, 270 RAA CEENES FEOLNMROMEERITBNT,
EEE&%%%RLTH%Z&%%btoitfﬂvﬁ%i%%%ﬁt%%btm$ﬁwmﬁﬁ
EABBYETEMETEM) THA. RERYT =T ¥ ALEAETITHF ITHED NI E
AL ABEE ITEER X N, Ty rHEESEICKE LM /ANEIZE O RS Mintact 72K EE
FEEAEEDo T T, Oy y RESKRA M/ EENHT 52T TR, HHL
AR EERLESERVW I EZREL TWAHI3), HicERYY LY Fa— JONELSmm,
E x15cm) N poly(HEMA-b-styrene-b-HEMA) &1 — 7 SHLUIEANTIME ZEEHLT

in vivoTOFi et EHAR., > Ua—->2dLPRUIFL CEIOANTLIME TEH2~30TEEK
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BoE

Eﬂgl/c’bi 5 H. poly(HEMA-b-styrene-b-HEMA)%Z 2—5 4 > 7 L= AT EIX19~20
AREEL. Y CTENAFOREEZRTIEZHSNIILTWS[4]. COXI R —FEOHREI
ko Tpoly(HEMA-b-styrene-b-HEMA) & HE N FIC L2 RBENMEESEME &L T
OHMEEZZDOTH D,

—%. 1986 FE CEHhiESICL> T, 22 RLELDK, 724V EZTEGNE D
HEMA/AF L > 70y 7 HESGEKEOERMNAfEE R -2(6]. BFRSEBIOT Oy JHESKD
m&i@éﬁééié“%f;ﬁiﬁb\%éﬂaﬁbfméo T HREELICEELZEAOSFRED
poly(HEMA-b-styrene-b-HEMA) 2R VDU L ¥ > Fa— T (ANEL.S5 mm, £ T30cm)D NHA
ad—F 4> Ly y b Fa—TJEEHL, FRRESHRMUMLKE2.5mL/min) AL TH
ETAZETOMEEARE, TO/ER., SVOMAPEDO RAAL YA XN250ADT 0y V3 E
SHERELENNKRESEERTIEEZEMCLRZI6]. £, AF6mm. KE7cmD AR
LY UEATHENTICRAA YA ZMN20A0 70y 7 HEGERENTICI—T 4 27 L,
RAEESHRICHEME L., HELAZATOLE 2&FMNICROEL ., NECHELEZY O NTHODR
TERHPELEEC A, HEHMIZXK 5@*‘7%“6:?;00~300Af%}§€0)§é'625‘0‘ E/ VAT —RDOE
BLEREY O NIBTHDI ENDNo Tz, BB AERAENORBEY O NIVERTIVT 2
UIRKERTHD. MARZEHLELTEZEEbNTVWE 747 ) /=5 2RELAERELTY
BWZEEBHLEMILE, #LT. HEMA/ZFL > 70y JRESGROMKEGHIZIIRE L
BEVONIVBOGENKES FEBLTWVWEIEEZRBL TV S[7], ¥, RATE T Oy I3k
BEok &L 2 m/NMROMBREEE SIS T LBEOBEN S, HEMA/AF L7 0y 7 HE
BAEXREIE B ICl/ME 2EE LS ERBRWET TR, NI mM/IRELELIETNDE I EN
®/ETNTWB[8].

BEDESITHEMA/AF L > 70y 7 HEGHEOMBESHCHTIFMISHEEINTHL

ZicbMboT. EERECOVWTERIFLEZFIZIER IZP7 <. Castner, Ratner5 O#H&E A —
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gom

BEHDOHTHD. HHRERTFTLTY Yy ZRUI—OFMREDSES L7z poly(HEMA-b-
styrene-b-HEMA)(T-HS), 7oA > UE Y/ E& NS H 5 Npoly(HEMA-b-styrene-b-
HEMA)(L-HS)., RUT T HIHEEH S &K & N zpoly(HEMA-ran-styrene) (R-HS) O X il
REE M A B A E E A & B W72 XPSHEIE (angular-dependent XPS, ADXPS) & static-
SIMS(S-SIMS)BEH S MM Lz, T O#E. R-HSTIE/NV Y EXREMARICHEERE W20
Z &, T-HSTE&m ﬂﬂ%@iﬁﬁ@ﬁ\f&ﬁ'i JAF LR D EGHRDLNS &, L-HSTIE., &
FICRUAFLURDOBEERBHELED LN, REBRIFZTECRV AF LB TEDLNT
WBZEEBELTVNS[9], M2-1&2 20 RLEZNENOLEBEERBLTHD L, W H
DEVWESESEOMEEROEVWDLTH S, B, T-HSTRY IV EELAVITF—bEOD
HIREIE D L PHENEELTWS A, L-HSTIR UHEMAB &R Y AF L 2 #HEEE
EXNTND, COTLTHRAGLEESFROBLIBD FROKEKAVNT-HSREANDORI A F
VoA DEHEEH T TWEOTHAD LHRHESN TR DS,
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Figure 2-3. Scheme of sample preparation method for TEM observation.
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100 nm

Figure 2-4. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of (a) L-50 cast from DMF, and (b) L-50 cast from THF/methanol (5/1, v/v).
Black area stained with OsO, is polyHEMA domain, and white area corresponds to

polystyrene microdomain.
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(b)

Figure 2-5. Transmission electron micrographs (cross sectional view) of the ultrathin
section of (a) L-60 cast from DMF, and (b) expaned region near surface.

The arrows in Figure 2-5(b) indicate the dark spots where polystyrene and polyHEMA
segments may mixed.
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100 nm

Transmission electron micrograph (cross sectional view) of the ultrathin

60 after hydration for 1 h.

Figure 2-6.

section of L-
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100 nm

Figure 2-7. Transmission electron micrograph (cross sectional view) of the ultrathin
section of T-60 cast from DMF.
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2%

Figure 2-8. Transmission electron micrograph (cross sectional view) of the ultrathin
section of T-60 after hydration for 1 h.
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Figure 3-1. Scheme of synthetic method of
poly(HEMA-b-isoprene) by anionic living polymerization.
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100 nm

Figure 3-2. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of poly(HEMA-b-isoprene) cast film from DMF/THF (9/1, v/v) under various
conditions. a) as-cast, b) soaking in water for 30 min, c) air-drying for 1h at room
temperature after soaking in water, d) air-drying for 24 h at room temperature after
soaking in water, €) annealing at 90 °C for 30 min after soaking in water, and f) soaking
in water again for 30 min after annealing.
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100 nm

Figure 3-3. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of poly(HEMA-b-isoprene) a) cast film from THF/methanol (5/1, v/v), soaking
in water for b) 5s, ¢) 10's, d) 30s, €) 60 s, and f) 300 s.
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Figure 3-4. Schematic representation of lamellar microdomain structure
near free surface.
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100 nm

Figure 3-5. Transmission electron micrograph (cross sectional view) of the ultrathin
section of poly(HEMA-b-isoprene) cast from THF/methanol (5/1, v/v) after soaking in
water for 1 h at room temperature. Before observation, the ultrathin section is stained

with 2.5 wt% uranyl acetate solution (water/acetone=1/1).
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100 nm

Figure 3-6. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of poly(HEMA-b-isoprene) cast from THF/methanol (5/1, v/v) annealed at
a) 43 °C, b) 52 °C, ¢) 60 °C, and d) 90 °C for 1 h after soaking in water for 30 min.
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Figure 3-7. Static contact angle (cos6) of a water droplet on (a) poly(HEMA-b-isopret

(Mn=5300-5700, Mw/Mn=1.14, weight fraction of HEMA unit=48%) cast film from
DMF/THF (9/1, v/v) and (b) from THF/methanol (5/1, v/v) as a function of treating pei
under dry and wet conditions.
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Table 3-1. Static Contact Angle (cos® of a Water Droplet on
Poly(HEMA-b-Isoprene) and Poly(HEMA-b-Styrene) Solvent-Cast Films’

condition Poly(HEMA-b-Isoprene) * Poly(HEMA-b-Styrene) ’

as-cast -0.09 -0.06
soaking in water ° 0.75 0.67
annealing °

at 34 °C 0.68 0.60

at43 °C 0.70 0.56

at 52 °C -0.07 0.50

at 60 °C -0.08 0.53

* The sample (Mn=5300-5700, Mw/Mn=1.14, weight fraction of HEMA unit=48 %)
was cast from a solution of THF/methanol (5/1, v/v) by spin-coating.

® The sample (Mn=3900-3000, Mw/Mn=1.07, weight fraction of HEMA unit=57 %)
was cast from a solution of DMF by spin-coating.

° The as-cast films were soaked in water for 30 min at room temperature.

¢ The hydrated samples were annealed in the air for 60 min at each temperature.
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Figure 3-8. A schematic diagram of angular-dependent XPS.
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Table 3-2. Surface Composition of Poly(HEMA-b-Isoprene) * Film
under Dry and Wet Conditions by XPS Measurement

] monomer unit percent
atomic percent (%)

. takeoff angle =~ depth (%) °
Conditions o
(degree) (A)
C O isoprene HEMA
80 100 93.1 6.9 87 13
45 75 93.2 6.8 88 12
as-cast ©
20 35 95.4 4.6 92 8
10 15 96.8 3.2 94 6
80 100 71.7 28.3 24 76
soaking in water 45 75 71.9 28.1 25 75
for 30 min 20 35 71.6 28.4 24 76
10 15 68.0 32.0 7 93
bulk ° - - - - 67 33

* Mn=5300-5700, Mw/Mn=1.14, weight fraction of HEMA unit=48 %.
® Monomer unit percent was determined from the composition of carbon and oxygen.
° The sample was cast from a solution of THF/methanol (5/1, v/v) by spin-coating.

¢ Determined by elemental analysis.
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# & Tlipoly(HEMA-b-isoprene) D X E#i& 1 D W TTEMB S, A ME. KOXPSAE
PO EITo/m, TOME, BORLUBMCRE-RKE_BBEEEATEIRIAV TV RAA
VMBI AAITAIRE o THEBICEEINZZEMHLMERD, B —F —TOEREE
DHEBEDRETE LSBT ENARTH> . T X Dpoly(HEMA-b-isoprene) D 4z 1K &
PEAKRIKEAOHEBEIL. BREBICELET 2RBECEUHEMARZ 2 b3 MICE OE» 5
KPS FHREHNBABRBTIIELCES T, IVORAMCOAY— L TRIZHDOTHD. &K
BEENS TFLANDOKESIT—HIEELTHIOTRABVIEEZHASARTEHIENTER, X
#=. poly(HEMA-b-styrene-b-HEMA) T &5 X % : Eoikiaho ., KTBRERICEELS
Fo—U  ENEREBEEZREMITESADIEBURETH D,
| BBz dT 2I8EHEpoly(HEMA-b-styrene-b-HEMA) & [l#k, BORLEI B &N
BMARNE NS bERTER., £/, TORBEORTRINV OI 7 O0MBEOEL T 40D —
RES>ThTHARRRD., FASRKRIVOMPEREEZAETSH 74 NALALDOHBERI UMY
BEEMRUAVYTLIEAALY  BRZET D274 L0EIN, GERRED SKAREAND
B H T BEENEVNIELHSNICTER, IS RRBKMBEORAEREN T = - XTI
o THANER S EANED 28, poly(HEMA-b-styrene)iCH X THEWERE THHEETE S
CEEHONICTER, HED, RAKEERECHKERIOTgNZELTNDH I EMWRSE
nrw.

XPSHIEN S bEBERERVKHRETOXBMEEESAD I ENARTH O, TOHR
BTEMBEZD EMANE OBREFERZVDBO THO, FHBHIET H SFreeze-dry XPSZEH
w7z < & Hpoly(HEMA-b-isoprene) DK MIREBIC BT 2 X EMIEEERMICHMINTHIENT
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FB4E 2, 3-T?bRoF>Sob Ay YL — K(DIMA)/
AVTVL>Tay 7 HBEAEEKOERT KON 7 O RSB

4-1 ZUC®IZ

BIETWEHKMERD ZHEMA, BRAMER S 21V T L2 EL Y TOy s #E S Kk
poly(HEMA-b-isoprene) D REHEMTHERIC DOV TIHRRE, ZZTORED D E DI TEME
BULOBHM B REREERRORECNETONS, Mb., T/ B PIoRE-mE &g
BERTDRVAVT L BMEBEFRAI AL ICERM TRIET 22010, I 70498
BEEBRRFICETE T2 CENMETHY, HEBBEEE RS LABHM TOXRMBEEOEH R
ERHEMNICEOADIENTERE. TIT. AETRBAER S ELTE /< — B iz kB 1
E2MAT 52 3-YEROoF T OENAS Y L -k (2, 3-dihydroxvpropyl
methacrylate, DIMA)%Z ., BAHRAELTA VTV 2B T 709 7 HESDETHEE 2
ETL., BAREKSIOBONRABEOEREICSAIEBE DV TRHTAII L ELE,

poly(DIMA-b-isoprene)id & Sk o THMA BE & XPSHEI L 2 X H EERIT T Tz
ToNTHY, HHEROBRBRBEIRKMERITH 2RIV A VTS L OB TEDATLS D &,
AKHFRBELXE > TREBMIRIVHEMABZANEDZ Z &, 72— U > Vit ko> THUBEAEE
KR2ZIEMT TIZHEINTWS[]L, 2], * CTERETHRTEMBRIZX BT 2P .0ICT 0,
RODREMHETER LK. TEMERIBEOWME RN S ORI TH L0, EEBED L
BTNV OWEZED ESXDIENTRETH D, EMARECXPSHE TIRESZ SNAED -

RERERVWETIENFARETHDEEITNS,
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LiUlsbL:poly(DIMA—b~isoprene)C:Eéﬂ‘éi'%6@%&%’&%%bf:b\[lb, 2] FFHRERY Y-
TH 5N, RYUHEMAE RYDIMAOHARERY X —O¥HME LR L, B ELDERL-LIT
ET. MEOH T AEBRBEC KO EMAEICEHEEREVIZVLOO., BEEIZKEZEL
NHBZENDIh-o TS, £, FEAHRICHT 2EEEE. RYHEMARKIZXH L TEAE
THLENEUDIMARAIATH B &, RUHEMARIY / —)VICAATH 2088 Y DIMAZ A B
THDIENVHRINT NS,

Holrko TR N I EFIEAEEF TOpoly(DIMA-b-isoprene) 7 « )b A& H DK #§
Bk 2EMANTEORELEN4A-1ICRYT., BUOIRHEEZORAMRETH 2, 74 IVAILTK
BEBFET2EFIAOKS THEMMAIZIETL TLX Was-cast 7 4 )V LD IEREREMAZRD D Z
EMAAHEETH o/, 2T, 100CTIBMO7Z Z— U V2 To BICEMARMEZTO L
T, BEREIIEMAZROIEEORMAO~ISHIZ T CEELTHBD., AL LWEKMA
BEEBDZENAETH ., TITHET TIEITELARTETTOHMAZHE L.
poly (DIMA-b-isoprene) i 3% IC BB R Ok IR I K o TIREE MEKIE D S BAEICEL
T3¢, FOROLEGD - RETOHLBTEIBRRAOHKTFIELALEEL(LLEBN I &, 100TC
T =) 2T THRERTOHAKERBIIEIHESAVIENALSHATINTNS. X
7= 8108 B 1% 0 poly(DIMA-b-isoprene) 7 4 )b s ®angular-dependent XPSHITE &R D 5 .
£4-217 R LEESI., BERAKEBRVAY T L RACCPBREL T, BCBRRE(G1LSA)
WIEER2IERVAY T LVUETEDLDNTVWSZEbHLRIREINTN D,

DEDESREBOREIC. FE= Tldpoly(DIMA-b-isoprene) 7 4 W ADRFEELITIBEL L
REEEEREENN I/ EEOETEZTEMBRZMSBITE TV, ROOBREHFTTERLEL,

F LU TEIETHApoly(HEMA-b-isoprene) D& L D WLBBREFT E1T o 2.
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Figure 4-1. Static contact angle (cos6) of a water droplet on poly(DIMA-b-Isoprene)

(Mn=9400-8500, Mw/Mn=1.06, weight fraction of DIMA unit=53%) cast film from
THF/methanol (5/1, v/v) as a function of treating period under dry and wet conditions.
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Table 4-1. Characteristics of PolyHEMA and PolyDIMA Homopolymers

polyHEMA polyDIMA
Tg® 67 °C 69 °C
Contact angle of . .
17 15
a water droplet
. very large
Hygroscopicity large .
(more than twice of polyHEMA)
Soluble methanol, ethanol water, methanol
Solubility
Insoluble water ethanol
* Determined by DSC.
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Table 4-2. Surface Composition of Poly(DIMA-b-Isoprene) * As-Cast Film
by XPS Measurement

. monomer unit percent
atomic percent (%) b
takeoff angle  depth (%)

Conditions .
(degree) (A)

C O isoprene DIMA

80 100 88.9 11.1 83.3 16.7

45 75 93.4 6.6 90.9 9.1

as-cast ©

20 35 97.3 2.7 96.4 3.6

10 15 98.6 1.4 98.1 1.9

bulk - - 81.5 18.5 67.9 32.9

* Mn=9400-8500, Mw/Mn=1.06, weight fraction of DIMA unit=53 %.
® Monomer unit percent was determined from the composition of carbon and oxygen.
¢ The sample was cast from a solution of THF/methanol (5/1, v/v) by spin-coating.

¢ Determined by elemental analysis.
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TOy s HEAKRT AV ESTEENASARL . BROAF—LEKA-2ITRT,
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A REHRMLE. BITENCRE/I—TH 2200 KEREEIFF YT RTHREL ZDIMA
EINiZ, £EALE. EAKRTHRICHEHELAEAY /= ZRAVWTIICFL, K/TH/—VIH
BT A2ZETRYIY—2ENLE., BIEBHECIA2BUEZBROELER. INOEERKRZMNA
BREEZT D, REROICHMNE T2 70y JHEAKRZAEZ. GROERZRZFHIIDOVTREREE
YEESBaINn~N1, 2],

RUVAFVLUAY O F—RZ2HAWESECHE., KNMRBED #R, AERICAWETOY )
HEBSEIE. HEHHTEMR=17.9X10°GRU 1Y L >t A2+ 8500, RUDIMAEY

A2k 90400). HFEHHF(Mw/Mn)=1.06, RUDIMARST DEEHER-53wWwt%TH o =,

4-2-2 TEM#E%

2-2-2- D HETTEMBEZA R 2HEL., BRETo~. AL, F v X MABICITHF
EAZY )= ORBEHEG/L, v/VERWE, RO X2ZMARNTEORERNSHBEERO
poly(DIMA-b-isoprene) I3 ICHENTLT B N TFRINT WS, £ I T, LERGT
TOTA4NLDOsOMBEKTO I/ UMPBEMEDETE - REOETNCTEBR L UATIVEET
Tfrofr. £/, KhBEBO 74NV LOEE - BAEDKIZ, OsOKBERP TOEEDELNH
XN, HEEZEO I A NLAEODONTEIEREKEZRAWEZRE - BEOA TR,
4%0sO,KBHRCEEBRBE LEABEAXCOVTHEREZIT L, BERKITRALETAIINLNLGHE

SNFTEM&B O EREETS 2.
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Living Polyisoprene

1, 1-diphenylethylene
(DPE)

LiCl

G
CHa=C
C=0
OCHZCH-CH,
0 O

X

(2, 2-dimethyl-1, 3-dioxolan-4-yl)methyl methacrylate

———m (——a <

deprotection with 1IN HCl/ 1, 4-dioxane
at room temperature for 24 h

CHa
|
H( _C=CH- H)—(—CH-C H
CHy-G=CH-CH }={ CHy-C ¥
CH, c-0
OCHZCH-CH,
OH OH

Figure 4-2. Scheme of synthetic method of
poly(DIMA-b-isoprene) by anionic living polymerization.
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REINERYAYTL VEBRO~3VA)TELEREBEDN TV AKTIBEREINL. BIETHH
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NBLDTHoN. BEBTHBEHM L., MED X5, poly(DIMA-b-isoprene) il $ 1
T Hpoly(HEMA-b-styrene-b-HEMA) ®poly(HEMA-b-isoprene) [@#kiZ 7 « I A ZEm ik
BAMRS TRESIEDN TR IEEZRENICESZAZIENTEL, ZNEHESDORLE
XPSO#ERIL, 21EBALFEDBVHDTH D,

KRICAKH BEEDBEEEICD WCTEMBEZ2{To/k. 3UDIKAKTRIESHE D poly(DIMA-
b-isoprene) 7 4 W ADWETEM{E 2 K4-41ZRT. &, AHBEDITASH THRREOR
VAYVTVYENERICHELTL ES 2 &b o =, poly(HEMA-b-isoprene) TIldix& B
ORVAVTLVBRAENEET Z2FE I THo T &6, poly(HEMA-b-isoprene) DR E
TR BE L - ZEEEEBENEE CHRBICE S Z EATEMBIEALbDHRETEL., k.
EZHEOBBSTNNY OBEE TH., SATROIVOHPERENS Y T b LIEBHEE
ROMDBERECELLTED., NIVWIOLEBBETELIENDM>Z. LrL., ZONILVID

MOBEEOLRIBERRANS1I~2u mBEQORIETTHY., TNULOESITRIAITR
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100 nm

Figure 4-3. Transmission electron micrograph (cross sectional view) of the ultrathin
sections of poly(DIMA-b-isoprene) cast film from THF/methanol (5/1, v/v). The as-cast
film was stained with OsO4 vapor under desiccated conditions.
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(a)

(b)

100 nm

Figure 4-4. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of hydrated poly(DIMA-b-isoprene) film by soaking in water for 5 sec.
(a) near surface region. (b) in bulk region.
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100 nm

Figure 4-5. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of hydrated poly(DIMA-b-isoprene) film by soaking in water for30 min.
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100 nm

Figure 4-6. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of poly(DIMA-b-isoprene) cast film from THF/methanol (5/1, v/v).
(a) The as-cast film was stained with OsO, vapor under ambient temperature and

relative humidity. (b) The as-cast film was stained with OsO4 aqueous solution by
soaking the film directly.
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Figure 4-7. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of poly(DIMA-b-isoprene) cast film from THF/methanol (5/1, v/v).

The hydrated film was air-dried for (a)l h, or (b) 24 h at room temperature, or (c)
annealed at 90 °C for 30 min.
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Figure 5-2. Static contact angle (cosf) of a water droplet on poly(HEMA-b-4-

octylstyrene-b-HEMA)(Mn: 6900-10200-6900, Mw/Mn=1.06, weight fraction of HEMA
unit=58 %) cast film under dry and wet conditions as a function of treating period. The
film was prepared on water from benzene/methanol solution (4/1, v/v), and picked it up
onto Si-wafer. Contact angles were measured on the water-side surface.
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Figure 5-3. Transmission electron micrographs (cross sectional view) of the ultrathin

sections of poly(HEMA-b-4-octylstyrene).
(a) As-cast film from DMF solution. (b) Hydrated film by soaking in water for 30 min.
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Table 5-2. Surface Composition of Poly(HEMA-b-4-octylstyrene-b-HEMA) *
Film under Dry and Wet Conditions
Determined by Freeze-dry XPS Measurement

Takeoff Depth Atomicqpercent Monomer Unit percent *
Conditions  Angle 2 (%) (%)
(degree) C 0O 4-octylstyrene HEMA
" 90 100 96.0 3.33 82.4 17.6
51 80 96.4 2.77 88.3 11.7
As-cast 35 60 95.6 2.15 88.8 11.2
22 35 95.8 2.26 86.0 14.0
10 15 92.8 3.45 83.4 16.6
90 100 79.6 18.6 299 70.1
Hydrated ¢
18 30 79.6 20.2 26.8 73.2
Vacuum 90 100 81.4 17.2 33.9 66.1
dried © 18 30 773 220 22.1 77.9
90 100 97.5 2.47 87.5 12.5
51 80 98.1 1.94 90.1 9.9
Air dried * 35 60 98.9 1.15 94.0 6.0
22 35 99.1 0.84 95.6 4.4
10 15 98.8 0.70 96.3 3.7
Bulk ® - - 81.4 18.6 30.7 69.3

* Mn=6900-10200-6900, Mw/Mn=1.06, weight fraction of HEMA unit=58 %.

® Monomer unit percent was determined from the composition of carbon and oxygen.

“ The sample was cast from a solution of THF/methanol (5/1, v/v) by spin-coating.

¢ After the as-cast film was soaked in water for 45 min, the film was freeze-dried for 30 min at
-50 °C, and then the measurement was carried out at -50 °C.

° After the hydrated film was freeze-dried at -50 °C, the specimen temperature was raised up to
35 °Cin vacuo, and then the measurement was carried out at 35 °C.

" After the hydrated film was freeze-dried at -50 °C, the specimen temperature was raised up to
room temperature in the air, and then the measurement was carried out at room temperature.

¢ Determined by elemental analysis.
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CEZITWS, DT EHEOS S EZTgTHEL THEA, TgldH ETHR FHORENITLRK
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Figure 5-4. Static contact angle (cosf) of a water droplet on

poly(DIMA-b-4-octylstyrene) (Mn=6900-8600, Mw/Mn=1.08, weight
fraction of DIMA unit=45 %) cast film from benzene/methanol (4/1, v/v)
as a function of treating period under dry and wet conditions.
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Figure 5-5. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of poly(DIMA-b-4-octylstyrene).

(a) As-cast film from DMF solution. (b) Hydrated film by soaking in water for 30 min.
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Figure 6-1. Scheme of synthetic method of polyHEMA-b-poly[4-(7'-octenyl)styrene)]
by anionic living polymerization.
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Figure 6-2. Contact angle of a water droplet on a) HO-30 film cast from benzene/
methanol (1/5, v/v) solution, b) HO-50 film cast from benzene/methanol (2/1, v/v)
solution, and c) HO-80 film cast from benzene/methanol (9/1, v/v) solution as a function
of treating period under various conditions.
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Figure 6-3. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of (a) HO-30, (b) HO-50, and (c) HO-80 films cast from DMF solution.

The as-cast films were annealed at 100 °C for 30 min ir vacuo, and then stained with
OsOy4 vapor. Black area stained with OsOy is poly[4-(7'-octenyl)styrene] microdomain,

and white area corresponds to polyHEMA microdomain.
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Figure 6-4. Transmission electron micrograph (cross sectional view) of the ultrathin
section of HO-30 film after hydration for 1 min. The sample was soaked in water for
1 min and then stained with aqueous OsOy solution.
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Figure 6-5. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of HO-50 film after hydration (a) for 10 sec, and (b) for 30 min.
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Figure 6-6. A schematic representation of the surface restructuring in hydration process.
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(b)

100 nm

Figure 6-7. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of (a) air-dried, and (b) annealed HO-30 film . The sample preparation was
carried out consecutively as follows; After the as-cast film was annealed at 100 °C for
30 min in vacuo, it was soaked in water for 30 min. And then the air-drying treatment
was carried out for 2 h at room temperature (a), or annealed again at 100 °C for 30 min
in vacuo (b).
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(b)

100 nm

Figure 6-8. Transmission electron micrographs (cross sectional view) of the ultrathin
sections of (a) air-dried, and (b) annealed HO-50 film. The sample preparation was
carried out the same method with HO-30 film in Figure 6-7.
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Figure 6-9. Surface composition of HO-30,
HO-50, and HO-80 films as a function of TOA
(sinf). The sample was placed under various
conditions as follows. The as-cast films were
spin-coated from benzene/methanol solution
(a). Then the samples were annealed at 100 °C
for 30 min in vacuo (b), and soaked in water
for 30 min (c). The air-drying treatment was
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Table 7-1. List of A Series of Hydrophilic-Hydrophobic Block Copolymers
Used in This Study and Surface Characterization Method

Hydrophilic Segment

Ha
el
n
C-0-CH,CHOH

Hy
oo}

C-O-CH,CHCH,OH

0 5 OH
polyHEMA polyDIMA
-(CHZ-CH')—n #C.A. #C.A. (Moriet al.) b
# XPS (Ratner et al.) @ # XPS (Mori et al.) b
# static-SIMS (Ratner ez al.) 2 # TEM (Mori et al.) b

polystyrene

| n

C -CHy
[}

polyisoprene

-(-CHZCH-)—;I

Hydrophobic Segment

(CH,);CHj

poly(4-octylstyrene)

-(c;a2 H-h

poly[4-(7"-octenyl)styrene]

# TEM

#C. A.
# XPS
# TEM

#C.A.(Itoetal) ©
# Freeze-dry XPS

(Ratner et al.) d
# TEM

#C. A
# XPS
#TEM

#C. A. (Mori et al.) b

# XPS (Mori et al.) P
# TEM

#C. A. (Morieral)P

# XPS (Mori et al.) P
# TEM

3 gee Ref. 2, D see Ref. 1, € see Ref. 3, d gee Ref. 4. € Not synthesized.
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Table 7-3. Characteristics of Each Segment

Segment Characteristics
# Tg=67°C*
polyHEMA
# Water swellable
Hydrophilic
Segment # Tg=69 °C*
polyDIMA # Water soluble
# High hygrosopicity
#Tg=95°C*
polystyrene .. o
# Containing aromatic ring
#Tg=-69 °C*
polyisoprene # Compact chemical structure
Hydrophobic # Containing C=C double bond
Segment
#Tg=-42°C"*
poly(4-octylstyrene)

poly[4-(7'-octenyl)styrene]

# Containing aromatic ring

# Tg=-36 °C"*
# Containing aromatic ring
# Containing C=C double bond

* Determined by DSC.
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100 nm

Figure 7-1. Transmission electron micrographs (cross sectional view) of poly(HEMA-b-styrene-b-HEMA) (left) and

poly(DIMA-b-styrene) (right) under dry (upper) and wet (bottom) conditions.



Table 7-4. Monomer Unit Percent of Hydrophobic Segment in a Series of
Hydrophilic-Hydrophobic Block Copolymer As-Cast Films
Determined by XPS at 10 ° TOA *

Hydrophilic Segment
polyHEMA polyDIMA
polystyrene 93 84
polyisoprene 94 98
Hydrophobic
Segment

poly(4-octylstyrene) 83 79
poly[4-(7'-octenyl)]styrene 74 -

* Calibrated from the composition of carbon and oxygen.
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Polyurethane

(middle layer) Dacron

(outer layer)

(an
ww g

Poly(HEMA-b-styrene-b-HEMA)
(inner layer)

Figure 8-1. Poly(HEMA-b-styrene-b-HEMA) coated 3 mm internal diameter (ID)
vascular prosthesis consisting of a Dacron outer layer, a nonporous polyurethane middle

layer, and a poly(HEMA-b-styrene-b-HEMA) blood contacting surface coated on the
polyurethane layer.
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Figure 8-3. Light photomicrograph of the proximal anastomic site of a 3 mm-ID
graft 372 days after carotid replacement (H&E, original magnification X 40).
There was neither endothelial ingrowth from the anastomosis nor internal
thickening. The internal elastic lamina of the native artery (arrow) did not extned
to the graft lumen across the anastomosis.
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Figure 8-4. Light photomicrograph of the central portion of a 3 mm-ID graft 372

days after carotid replacement (H&E, original magnification X 100).
Fibrous ingrowth and occasional capillary formation (arrows) into Dacron fibers
were noted in the outer aspect of the polyurethane middle layer.
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100 nm

Figure 8-5. Cross sectional transmission electron micrograph of a 3 mm-ID graft
372 days after carotid replacement (stained with OsOy).

Poly(HEMA-b-styrene-b-HEMA) exhibited very thin (< 200 A) protein layer.
Microdomain structure of poly(HEMA-b-styrene-b-HEMA) were also observed
underneath the protein layer (hydrophilic polyHEMA microdomain is stained in black).
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25y VMERBRINFHREIIRIT S I EMNEREI N, —% . poly(HEMA-b-isoprene-
b-HEMA)®poly(HEMA-b-4-octylstyrene-b-HEMA) T3 R O KE T TR & 2A S
BEVWIERBRDONT., ENAEREKEZEZAETLENRENL., INXD, ﬁ*ﬁﬁiﬁ@'l‘géiﬁu

Tt $T22ET, JOv 7 HESGHRIIERUEEZMNETAHZEMNARTHELIENDN T,

8-3-3 in vitrofF{h

# 8-112 & L /= poly(HEMA-b-styrene-b-HEMA)(Code No. 70901) R 02 E O
poly(HEMA-b-4-octylstyrene-b-HEMA)(Code No. IM-41B, IM—S6B)G:‘DL>"CEVM?£ n
Sin vitrofm @ A& FM LA, 2. R EL TEY L& > (Pellethane 2363-
80AE, Dow ChemicaDIt DWTHEH #7072, ERFEOFMII8-6-4ITRL 1z, T OV
pHEESEEZI-PLAERBEMNROBEZHEALTA)N Lz s 2T OEE, v =100sec’
THMIBLEZOBMICHTI2ABERO M/ EFEMEERZNE-TIIRT., LKA TH D
Pellethane D E®W T3 MK & DFABFHNELS 22 IRV, I/MREFEEBHRLICEML. 20
1%I1C1330.2% X T LER L., —4. poly(HEMA-b-styrene-b~-HEMA)XE TIE &E X TE
EAENMROKENRD S NT, EFM203 %O M/NMVREFIERIIDTN0.06%TH > 2.
INED, MBS, THE TR REINTE Epoly(HEMA-b-styrene-b-HEMA) D 3E & ITH
NizmiE@EE ENEVMEED 5 b BRI N, £/-. 2EE D poly(HEMA-b-4-octylstyrene-
b-HEMA) T bpoly(HEMA-b-styrene-b-HEMA) [k, M/MROMBIZZEAERD SNAED -5
7zo IM-41B &IM-56BDZNZN D204 40 /MR EHR BMR L. poly(HEMA-b-styrene-
b-HEMA)ICIEZ b TN 50.16%E1.56%TH > =, 7. student t-REDHER(n=5). 38

WMo T oy HEBELSEIZTW TN HPellethane CHRTHEBECEN MK BESHEEZAITHI &, 3
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E8E
EEMONEESHICIEEREN VI ENDb oz, BLEDZ EM S, BARMERSICERY (4
A DFINAFL RS EET BT 0y /I KEpoly (HEMA-Db-styrene-b-HEMA) &[5

DEN-MKEGEZET S I ENHRTE .

8-3-4 ex vivoiFfli -

%8-11r 7L 7-5MEO R UHEMAZ AT 2 EAME-BKET Oy VEEE Dex vivoll BY
o S HEAAS v R EA DL 2. HIEORMIES-6-4HITRL . BONEHRE
£8-212md. I hO—)LORY Y LY Fa—T(Pellethane 2363-80AE) TlZH T N300
THELTLESOIIL, oy kEEKEI—T 4 27 LEEBE, WEFNHABM LD
MEERERL. EECEN-LRESIEEAT I EMHs M ERo L. BIT T -t E
S FEEMS A R L poly (HEMA-b-styrene-b-HEMA) (Code No. N-4B)id. —# O ¥k £
CHAMET Oy yHESEOFTHROENOKESEEZRL, AEITORMELI ro—b
DI0ETHo 2. E7-. HROMTRBEL SFKRBPEEAT 2 L NHRBINL poly(HEMA-
b-isoprene-b-HEMA) *® poly (HEMA-b-4-octylstyrene-b-HEMA) % poly(HEMA-b-
styrene-b-HEMA)IZ Z %% %%, I S hRO— ) DT.5~8.TEOMERHMZRL. EN/TLEB
EMEET B EMNHRTERL, £/, ATHEEL TENHEERT S EDRENTW
5Ly AU I —DFMRIEDS & E N-poly(HEMA-b-styrene-b-HEMA)(Code
No. 7090 1) DWW Thin vivoiEffEERICA-A ¥ > MED SHEN-MEESENERTEL.

Eig I R EAE-BAET Oy Y HEEEOHRTOREETD DI, sutudent t-#E(n=3~

5)&fTok. TR, EBRBRIXTIHVWTNOMICbAERREN RN ERDR S,
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LU F. in vivo, ex vivoilfio &R, 5. RUHEMAZ KRS & 2 8KME-BOKET Oy
pHELSAEE. WENBALFO—VOR YT LY IICENTHERCEN ZMBRESHEZET 2
Sl o, /0. BAMRAOFEREORRIMKEFAMTOHEERFEEZTIRD S N
OB T Oy 2 HEASRIIHKERS O FEREIC LS T, WT L MEGE G M E
ELTHERATHD I ENDR 2, T, poly(HEMA—b—4—octylstyrene—b—HEMA)'C“Liéj‘ ¥
BORKEH2EEORY T2 DN THEZET> A, MEEEEICIERRENZY T & OV 2

TN,
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100 wm

Figure 8-6. Scanning electron micrographs of (a) poly(HEMA-b-styrene-b-HEMA)
(Code No. 70901), (b) poly(HEMA-b-4-octylstyrene-b-HEMA) (Code No. IM-56B),
and (c) poly(HEMA-b-isoprene-b-HEMA) (Code No. IM-8B) after kink resistance
test. Poly(HEMA-b-styrene-b-HEMA) developed a number of cracks, wheras poly
(HEMA-b-4-octylstyrene-b-HEMA) and poly(HEMA-b-isoprene-b-HEMA) showed
no cracks.
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S-4 HEKM-BEKMET Oy o HEEKOXEHEE MEEGEE DBRR

$%Tﬁﬁmﬁﬂﬁmﬁ7mv7%%%%@%@%%&@@@%@&@@%KDmf%%btmo
HHﬂi%&%%Tét‘Mﬂ%@mtﬁ%m&yﬁﬁgt;ofgbm‘%@%‘mmmiu
yﬂﬁmgwwmvNWTmﬁmﬁ@:D,éeumﬁ%ﬁ\%ﬁ@&@i%&ﬁﬁiﬁ?éo
wB\Mﬂ%@ﬁm&@m&%&%%éﬂé%ﬁm&%yyNﬁE%ﬂLTE%%KﬁKBhéO
:@%ﬁﬁgmawmcw%%&yﬂagwé‘:>7jx%ya>§m\mm\mm,ﬁmm
8?%5&%26&?30,Mﬂi@ﬁi%mﬁbfﬁﬁﬁfﬁétbtm\m#ttf%%9
S EEA RO TEINNEETHLEFHNTND.

@ﬂEMﬁﬁéﬁéﬁﬁéﬁmﬁrﬁmﬁjmvﬁ%éé%ﬁﬂ%t%%?%%‘%WMKE@
;5m%@%%@ufm5@f@55ﬁommaﬁﬂ&®4y&—57yaym#ﬁm@%my
2FATHBHCENTFHEIN, ZN5 £in situC ADFA L7 MCEB A2 I E@AARTS 5
FEbND., FCTHRAGMETR TOREHEIKT TOZN S@RIELUL TS SHEL,
K TOEFEEL KICESBROBNARRERIEIC DWW TTEMBERIZXL 3 EEE R & R
o TE, TORE, KM BEEOHEAKE-HKET DY pHBAEAEREIIEHAERD TR
FaeilBbhTnwad I &, EEHEZBAERSOTeP N TERICL>TREBEDIEERHLS N
o %5 2 EMTE . poly(HEMA-b-styrene-b-HEMA) EHEMATR FhYNY— T EE G
ﬁﬁﬁﬁé:&@ﬁ?t%%éhfﬁ@&%ﬂ\t&i*ﬂbtfuvﬁkﬁé%@%%@ﬁﬁU
HEMAB TZ 2l Bhbh TV TH, I /DA EBEN AREAEICHELTNS Z2EdH 5D
BB, THIL. EEMEMEOREE(~ A, outermost surface) DH TR <. LBRIGTEL
3 (~%10A, subsurface) ¥ TZ#RHL TNDH I LEREL TV, 4KURUHEMARBT®E
b3Sy OMSEERE %A T dsubsurfaceNRES >R HAEREHLSE, RO B E

WEEEZHEEL TS ETELTNS,
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HE8E

FNTIE., SVOMHPERBEERTOLELEREI NI BREDISTEREINDEIDTH
25, EEEERTOBELNS . BAE-BAET Oy 7 HEGAROXREIZIEBREDOLLITIN
ELTEEETLIZENHLMAICINTVR S, MEH OF /X7 EPIEE R IEE KA &
B OWENEEL., HASBTMAMERRICRET D &, MEHP TH>THZTOED L
BHKERD Z2ZRICEBEIRLDETEHOTERVWES DN, iz, —H TEARMERMLNTRE T
niF. MEZEELEKERSVETCEBHETLITHS D, b, RNV HEBTOy VHRELK
EEANECAREETH DK EBMICOE TREFTZIENTET., BEZROET. Lo
TEHEREIC Ly > aBy N8, IEEHLTWRWY ONJETEDLONSZ LITRRD .
EN/FOEESHEERBETELOTRANVAEEZATNS, 8-2B TR, HAST2ZHEDOAT
MERNBOREY >N IVBOEADEEBHKE TH ORI LB INERERTLIDDEEATNS., X
7. 8—3—3%“@%’\‘7‘:»\ EVMERA-AY ¥ > MEIC & 2 ik & M3 M0 &R T, BKER 2
DI E LS T, BERETEREVDLOO, DI MCHERBEEENRELDZ I ENRENTY
B, FTETHEREZLDIC, AMCEH>EHNREXTDBE THAERD OLFBECI>TERRD Z
ERHSMNIZEINTBY, RBEHOENREIHNAXRABERBREOEVIIERTS2OT

BinwheExTnd,

DLk, —EOBAKE-BKET Oy /7 HEGAROXEMERITBEREMBESHE L ORFRNS .
o 3% 38 2 P T V3 H B O B R £ T (outermost surface) DA TR ZOESTFTRIEMRET 28
(subsurface) DEENEETH D T ENRBINEZ, LIl EREEOREETORRNES &
BHETEXDZONMCDODVWTHERTETRS T, SHOKRERBETH S, 2. ANMTELIHBE
TOXREREOT(OHTLOKESHEE OBGEL S . REHIEOHHEEEN MK ®E S ER B
D—EHTHDIEETFRTLIENTER, LAL., CHEDWTHEENBERIZNVIZD,

SHROTOBIMRVMFIND.
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A2 TIRAOEATMmE ~Dpoly(HEMA-b-styrene-b-HEMA) D fER &, K U HEMA
EEAMERAET D —EOEKE-BKETO Yy 7 KESAOMEE &1L Zin vitrodHliiZO O &
STHBEVMiEE ex vivolliii TH HA-AT v > MENSFML . MEEGEMEE L TOR]
Bz DWW TR LA, T %, poly(HEMA-b-styrene-b-HEMA) ZHEIZI— FL7ZZ AT
MEFIEN FOBEEERL, 2OREXEIIOERZT TR BNELELEELBN2L. I
& v. poly(HEMA-b-styrene-b-HEMA)IZAWNEEZHEE LBV EVIH L VHEOATHE
RfEE L ToRREN RS NZ,

BAER S OTg #EFE 5 2 & Tpoly(HEMA-b-styrene-b-HEMA) D R TH - 1= R K
MoxrMERRBRT B IECKRS L., 2 @ #HL Wwpoly(HEMA-b-isoprene-b-HEMA) %
poly (HEMA-b-4-octylstyrene-b-HEMA) L. poly(HEMA-b-styrene-b-HEMA) &[F % D

MKBEEEERETOMETHL I LEEZHONTTEL.
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8-6 %8

8-6-1 ATME®DIn vivoFEfd

ATHEEH: BAOEHLAALREEIRS-1ICRLZEDIBEEENSRRD, K&=7cm.
NE=3mmO/NOFALMETHS. /BN MEFMASEEREELHBROLOOR Y T AT )V
ﬂﬁ&%AIM%@M%ﬁ@\¢ﬁ%ﬁk1ﬂ%@W%@%¥@tTét@@ﬁU@V&y:~
FE. HEMN1~3 um®poly(HEMA-b-styrene-b-HEMA)a— hETH S, M. 2T I T. H
Wi oy 7HEAKRIKRBCEEREZETATLI Uy 73 U IR —OAMREN SEREN
7Oy s HEEKT., RUHEMAKS R XFL 2B O FRIZTNETN10300(Xx2) &
12200, RUHEMAKR DER%HM63wWt%DH DT dH 5(Code No. 70901),
RICATHEERFEZFLLIBRS, DU CBMERALZSUSES(H3 mm)iZ#20cm
ORYVIAFNWATMEZEEZOIE I RNEDICHEE, 185CTIONHALEZITS . RUE
%, MBBEMRULENRST T4 DA ENACALINE #E€£ I EREL, ATLED I 2E I
RS T4 >&DA—F4 20T, THTNT T4 BB LEZR. BE&ZATHEN 5/X5 7T 4
CERIBMVESICHEEBEICHKREI®MY ., HENEICIS~20wtB DR Y 7L & 2 &K (Pellethane
2363-80AE, i : 1,4-AFH )E6~7EI—FT 4 VL., 60CT—BULEKREIED, &
B, ATOEAMDIINT 7 4 2 &HBLERD, I5RAFHITY v I AL —3EH L (48K LA
E)Y. XTI T4 22RBICHEVWHKET. U —2RBRICAKLEZPUO-PATHEORAICTO Y
pHEESEZIWL/VOIXDDMFBREMS52@I—F 4 > L., BUDIZ40CT24KM D, T T
60C TASKMILA LD B EITS., %%, 7Tecmich v bL. X 5KEOGH RBE % L T K

ET 2, ERLAEAATOEIABRNBEKIC-BBEL TASHEAASFMITEAL .
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EEE
ALHERAEMH © MERR(0~15kg)SHO EAEHRIC ETHELAZAAIMELIOLZ H
AL, AR NILESY —)LbF bU T A EAN/NY (100 U/kg) DR 5 & T ARREE T
T, 6-0R) JOEL CEEEREHVWTHA2YAELL., ROBERES TI0~12HTH o 72,
FhigRPEEANESEA DR, Ry T T7—-RTHBLEL,

HEANTIE O IIH#%7, 14, 30, 92, 372HH i RKOKE T Tiro/z, AL, oD
MR ERTDED . AU BEOH300 U/kgiZHELL, ATME ZRAME & HITH

L., £HYBEKTHIZHE L. KarnovskyRIRICAC TI2H OB E =112 7z,

8-6-2 A L ili& DREH

R LAATODEICH LT, DFEBEEOHET. 2)ERMEFEMBGCEMN) BIRICI2AEET O
B, RUSFBHMETHEMB(TEMX KB2BREY NI BORBMEET 2. TNTNDH

MIIRDEBYDTH S,

GRS RAENT 0 KarnovskyARR THEER. YV BEHFAEBAEK(PBS) (pH=7.4)IT X % .
I ) )V EZHTORKETFo . MABEALOLERREZT TV TLTNRT T4 Al
%, O OYOHBLET . SHIEATAFIY &I AT(HEE) TRAZ M L FBEM S

THR - it L7,
SEMEI2Z : FEYUBRITEERICHEAKZT T ALINEZI S CERAEZEL -, MENE Z
PopEnwFg%, EHABRBCETASEE 27> THS5SEMUSM 35C, JEOL, Tokyo) TH %

L7,
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B

TEM# % : Karnovskyidi TEEL/ZALME 2PBS(pH=7.4) Tk %%, ANIMESdhmmn
S5E3mmMEAAIC Y I LERBEY TN U, MEE4A%HEEE A A3 Y LA KBRS
ASEETIIBE L. MBI N JEORBEITo2E., WHELBEHBL. EHMETRF O #I5(Spurr
Resin, Nisshin-EM, Tokyo) CHa L7z, BHEUFIZS A YES RF A T (NA=3)EHEMI
Z 0 h—A(2088V, LKB Ltd., Sweden) W TYIOH L, BRICIHEAEFHTEMUEM

1200-EX, JEOL, Tokyo) & M\, NLEEESOKV THro .

8-6-3 dhifis

Ty REAEEANERICI—RLERUY LY > Fa—TEFIRLEAE TERL,
EENLIcmOBEZBRED KF 12— T 28T 2, BUTOREBICREL, BFASBSOI— NEO
iK% SEM(JSM-840, JEOL, Tokyo) it THE L. #. BEERABICHSERRFLTH ST

AR

HF: BV AZRERY LS > (Pellethane 2363-80AE)D S NRL1.5mmOF 2 — 7 EiERE
L., Thz270y 7 B8RO IwtSDMFERPICBELE., BEBROF2—T2EERETT
—BEEL. T5IC60CTA8R MU LoERET> Th ST HBRICHLE. thiTEBRZTo 2
7oy 7 HES #Kidpoly(HEMA-b-styrene-b-HEMA)(Code No. 70901), poly(HEMA-b~
isoprene-b-HEMA)(Code No. IM-8B) . Kk T poly(HEMA-b-4-octylstyrene-b-

HEMA)(Code No. IM-56B)D3@ETH D, TNTHOFMIIES-1CRLEZEBOVTH S,
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8-6-4 EVMEICK Bin vitroi¥fl

SXFAHE: BROOBELEEVMENSin vitrodi izt -7, 3L HIC70—F v 2)N—
DEAMEMI-8IZRT., 7O0—F % >N—R7 7 U EX—R(93X43X 20 mm), 2D Y
T—>IdAEH A4 v h(Dow Corning, Midland, M), BXUVEBMEZI-bLEZATA R
55 Z(75X 25 mm)MSHREN D, X— X EFICS57XT7X0.25 mmD 7 O—/NA&HKIF., T
DRV EBIcEEDL 2ROV I—2 T L /WAy bEBEE L L, EBMEBZAIICI —
NUZEEAEEDNVEF a2 -T2 70—F % ON—OAODKTEDOZADy MicEELE. miRd Y
D~%V>NwME#6?1wi\xmxmyh%ﬁf7mwﬁxﬁmkb\ZiﬁFﬁiXE
EATICHN, WOA0y bERTI7O—F v ON—QEOF 2 —T~EHMND,
EVMEBEOHKRZM8-9ICRT . EBEREC. #EEME. ALV TL—-bhT70-F % >
N— EFFHAT, A A= 70y Hd—, KOEFTFLI—F—hoHERaNd. NIV
FL— k70— F ¥ >N—F100WABRS > T E#HBICHEDOHEFEALREN EXEHME
(Microphot-FXA EPI-FL3, Nikon, Tokyo) ® X ¥ — Y EIC B Wk . & R25% D
N.D.(neutral density) 74 V& —2HATHI LXKV NHOBREZFHEL 2. BIRICIEEREK
436nm® BV (blue-violet) 7 4 )L ¥ —H & v b (i 7 4 )V ¥ —:400~440 nm, 1 7 04 v
732 5—:455 nm, ERABINT 4 )Ly —:470 nm)ZA 0z, RBMEEZ2I-FLEASA Y
S22 T70—F v ON—ICEFLE, £/-. AMBZI-FLECOcMOBEAEEZ N HF 2 -7
(NE:1.8mm)EKEE 7O —Fr > N—D AR ZADOy MZ, flisizE VU2 YR T (Model
STC-521, Terumo Corp., Tokyo) iz L. 30ecm DA F o —7Z2HO A0y MiZHE#HL THE
AT, YU RI>TICID TO—F ¥ ON—RIZHEA Uz ik o O SO f/hid et
BEEICHETIRTFERENICIAT, EFEH AT (Model C2400-08, IR b=V A, &

ITHRE -BRBLE, EFTANATSEROAENZHEREANA -7 Oy P (ARGUS-10, &
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B8E
fk b= o AL MR TEGUBL 2%, 54 L a—% —(ER-S810, Victor, Tokyo) Tk H
L. . ESFLa—%—o &l #izi3time laps control (SIV-J, =/ . #H5) &k IFAV

personal computer (HC-95, Victor, Tokvo)zH W7z,

EVMEBICHAAARLE T O—F v 2 )N—IZPBS(pH=7.4) #37C. T 0 #¥, v,~100sec”' T
IBFRAEER L 7=, MEEFER&BIIRI OANN) M2 U/mL) ZHB L. #BES ot MERZ LD
mepacrine(8-10I{bt FHWER ZRLZ) ZHRML /=%, 37C T30l A FaxX—~L T2
MmO/ REEIRICHAIER L, COMKEEREEMTZIER<PBSEERL. [k
#(y,=100sec’ ) T20 M7 O0—F v ON—ERLEZ. BEAZABMEERON12EIC2HT
DRHFL T, BBMEANOM/NREBEOR FEZERMNICEHELZ. I/MREEEO0OERLELIIE
F AT —7» B@f%ﬁ?:*ﬁ%%(TOSPIX—U, TOSHIBA, Tokyo)iZ A L, #MEZHEFK0.03 mm®)
e B FMNMIO SAEELTELL 2, ERZEIBUPBSICEBEL TERIKANO K%+ H
WWHRHE LR, JO0—F ¥ ON—ICEEL TWEAT A BT 5 X E2KaronovskyFilmH 2 1 2F5 4,
ACTRELEEMNROBERT o, BEH#. HHKEBRETL., SOCALARBRICEENE

FHEMBE(SEM, JSM-840, JEOL, Tokyo)iZ THMEREICHE L /cm/NMROFEEEHREL /=,

AEFMICHWE T Oy 7 HES KIEpoly(HEMA-b-styrene-b-HEMA)(Code No.
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