2OI/I 2/ 4L L
JBAFBF F RN &
et R B LR IE R

AN RFARNC X 5 AN AR O
T b= A IIRH R O T

TR 22 EE~23 FE RATIRRES
HRREE BH H—

L% 24 (2012) 42 3 A



SR M E B4
HER MR BT AR S Sk

FINSA L IRFANC & 5 AR R R

TAN ho AHHIRh 2R 00 FEA

YRR 22 FEPE~23 EE B EMFZEHE
aEfREE BE #—

SEpk 24 (2012) 42 3 H



I REHEHRE
HN3A CBRERNC XD ABENBMIAD T R b — 2 2 IHIEIER O
By #—

II. WFSERERDOTFIITIZEET 5 —&%

ITI. BFFERCEOFIITH - BRI

10






JRAEF @R RIS R BRI R )
eI &

JIVISA P BHERNT K2 AIRN BRI O 7 R b — 3 Z 1505 0 A

MEREE B #— (KIRREEAVIERHERI#E)
MRES

T 7 AfAEN SRR, AN ERIILO 7 R — 2 A (HFSE) OMEFTIC K 0 £ N R i o kshe
MNEESN., BELGIEENEC28EBHERTH D, BIE. REBRICH UARBHEDENT BT
BRI, UL UAEBHEIL R R REORESHER SR EBEAOEHES X<, AEBHIC
DO DBFIRITEVELAFE 5N TS, BATEE SRR FERIC L 0 AENEHEO 7 R h—
AT BH NS REBOBFEERRTHZEIREH LR, TRN—2ZICHIIST > DES,
MWBE59 25 Z EITEE LAIVSA > OiEE & SRR THH T 5729, B—1h)V/SA S HESF ) kT
N573% RIRROFHUEHICEF Uiz, TORRE, 7/ AT — RS v —iEic X 0 LS S HEH
DF JRTOIEEUTHII U Tee FHRI T 1 X3 1 unBEUFTHo7, RUVIAR— K8 0&DF
HEERZ 0 U R F 2K Bb S8 5 2 & THRIBROERI 2T 5 72, BI0hILS1 S BRER
DT W b= AR 2 55 3% A P R ISR IR R THEE L 726550, RS U A eI osd LT
BRAL A b L ABETFITBUT 2 AN LMD Y R b—2 ZMEIIENRB I N, b SAEREEILS
1 > (HCEC-B4G12) BRI & MAIRNEMIL THMIALZHED T 5, HBEITRABIKIC Y 51 L
ZE L 72 AN PR EE TV O TS T B EERR THIV/NA > BREF OISR 2 REE LT, 7Ok R,
0T A AIEERTD S FIVISA 2 BEFO B EEE sSIR 2581 72 % AN R RIFISEICRE S /4 RS O 1
FTrOBERED 5N ZENE, VS D BHEFNC X 5 AN RO IHIEIN TR I N, A
PHEBRE T, SRR NS > AL —2 a FIVU S —F BHEBFICAN. IS SHERF )R TFo sk
HRE DT K2 AIRNEMIE DY N b— > ZMENRERFE L. T v 7 A MABENEEHEREOH LW
FIEBRFE D nIREME & Mt L 7=, '

Wity
P " RIRKZFEZERVIER BRI 22
A BFEBER
IREETEREE TH D 7 v 77 X A IEN 25 HERE 1
JRFEMEICAENENEEINT R =2 A&
THEFTHEIC N R DA 2 Z 7= LI ITAME T
TOEEBTHD, REFRRMEGTIIHDEEZ
SNBVHEBIENHESI SN TH ST, fERE

LT 2 ERHITVWZ 560 HDERRBTH D,

REBITEMEBEERB E I NN LMICL N
CEMBERTEHHO DM 2 WEEERE L DE
KBTS TSN TR BOBER T/
ELZRTRETH DL E N, K TOHRE
BEIBT~BAANEHEIND, TRERELT
AR I A TR I L B IRE ST U, Bikiic
VAR AR ISR D FEFRWUEERICET
BAOMET T 5, EABEREICHEN AR EEO
SAZECPTEDIBFEROIRT, Ml ER
U5 WINBIEALT 5 & ARRSYED BB 2 E U



FTLRBBREDEIRNDITEND, Ty AR
N 2 25 PR DBAE T- LNV T O RRMHICIE S5
bIFMZE L. BEAEBELINCER B RE
Wiz, UL UABRBREIZEERS® B -2
BEDHEND DEBEEAOAHEBKELS, L0
FRTFETORERBOBENRSEINTND,

BAVIARBNARANEMEOY R b — Al
ME5T5RICERLARBEICEDD Y R h—
A &=MHIT B 2 & THREEER D UIIRK[OETT
ZRELBDHIEEEZZ, MIAOT R - A
VSkE & RERNBEE L TB DS 2N 3 REER T
WA > DIEBHZFD—DTH D, RHFFE TN
WS CHERZFERT S I & THBENERMO
7R b= AMEEIROFMEEME Lz, 8
ETIRELDAINNA CHEBRIDEHRENTHS
(1), AWFFEMETER TSIV 2 HEHR
B ER L )L TR 2T R b—2
ZMHIEIROERENIwE SN TN D,

IR BIAEIE O —BIR & U TR RIRGHR
WEFE L WA, KHIVST U HEFNTE KRN T
HAEEDKICHHI T ENHL <. RIBKIC
WEARRETHD., BEKEESEREOKRET
OERREZ NS, LM LEBENSROKE T
EXIMNEH IO T B DRETIEY 2 G 30E
ETIHEEI R S-0IE. TNL EORERFEY)
BENLETHD., TIUEIEFHOLFREIC
L ARWER OB ENMEE LTHET 5N 5,

Z D= EFITABENDE S HRICKEREE
BT B DITIEAKIENE VXA VBRI D R
B DOBERRFIZITBLETDH S,

BAVEEETF R FOMFEICED> TETHED
F DHEMEH 2 DN TE—ITH IV CHERT
R T EIERREERL. BICAENKEEZE
L7z gF - b MRENEMBB LT U+
B O EBRR THIBICK S ABENEMOTY R
— 3 AR ZRREE L 72,

AWFFERBEORITITE D HIVSA VHEBANC X
DABNERIED Y R b — AMHIRIERZH S 5
12U, D F R RIBRICE 0 VN1 CRHE

2R AEN I ETENR, AR
BHEIC X SR WEFICAHEODIRNET U WIBETE
NDOEFEDFBH I EWRD, ZOLDITHED
IRRHEREI VS BREHR T/ b R 2 B
DANDZ EE. HRT v U AARNRZEEED
BEOREMN RN LI ® 5 & RITEESROM
D TE, BN - #WEREITSWEE X
T3,
BERICHZ D EMICEYEREMEER
& D EBRETEEOBEMTON ., RS
EITICB W TEYEE FORBII 421272 7,

ANRLAEES— 1

o] [¢] \SCH3
/u\N Nl-[%_
o] =]

AR A EES— 1

aq4RTF

B. BFELHE
WZEIEE 1~3 2AMRORTRREE U,

BEZEIEE 1 VS A BRI /R RIRE O
VESI & HEIE Y 1 BT AT

2501 RITRESI NS EAKBEEDOIES O SR
RIS EA 2K P ICRE - HBSERETH
WHN5, BEHRPOERFOREZIEBRL
¥opun~%+unflE (X1 7 okiT) THD, L»
U S, B~ XITER L 72#EE OKk~DK
BB LK ERR T T XKD ABEADE
DIABDEIIT L D —BIYICEA DO RNBITIEX




m <7RV, KWIRHETHEAT 2 IV CHE
HE EHOKBEETH D720, #AKEMED )V
1 UHERE SRR E L THAT 2 EE. EB5E
BRI I S0 D E - RETR D O IRFIRL Y1
TV pu~Bet pn A —4— (X1 7 0k 1) T
B BT DRLT T XHVER D 5 FH O MRS K
OAIRANDID IABZNHRITEZ DD TERN Z E0NHE
MENd, —HTHKBEOLEYEE SIRIC X
DIRNIZEIR X < BT S/ B 72D ITITE— 1T 3H
BT OWUME (I 81 k) DEIRHTH D Z
EMBSEDERA DWIFEIC L DB S Mo 7= (C.
WIERER « - R RUIBR QIR AT I IC D

DTS 2D % =R FITTHLROY = 3 L —
FEITED ALY 22— BB ET 25
RETET 1T Ko THEFN)L 27 IR BR R (L
MIEND, BERENTITEAZ 5B S B 7= KIRTK
(100 mg/10 ml) 2 /) <A Y —QEITfEL /=,
A US4 200 Mpa  (BeokfiE 290 m/sec)
THO, ST ML 6hBELE, /6
FOREY M EEFEILE OB S & FERICT

27z,

T 3 ERILEYME TR > ) 2T L —
k51—

WTEBR) . T DIDRIRI 72 IEH OIRNBA T
ZHERRT D TZOITIIEFI D F /KA ER DIE
RAE K A IERBATIE DI RO THETHh D &
ATz A FEHOEANBTHER EZEREL
FZIVINA P HERT R T RIBROE- 2175
2o FIVISA PREHIT /KT iR & R4 %
FBELUTTRE S BEOT /Kb 2 L
7zo TS QOEAMIET SR FRiTBWTENEN
Rz A TH 0 et 2175 2 & TRIRKE
HofwbzR-> 7,

TD1 : FILE

BT R TOERTETH 2 HILEE AW,

FER S, BIEBRIRZRIA LT, AT/ kL
TaRAKPITHT - RESBS B, FRHITR 75
R - WiEZHE T 52FETH S, K1 XBK
ORGSR OIREE. KR, BEORE, #
HEEEOWBICEIDfTo . FRICERLER
IS BSERE T KT K BRI 5 BT & LT
BRELUTz, Brd1 X - Mg RIEENETH
HERBISIT K D AHIE L 7=,

D2 AEALEYHRTALEEL ; 7/ AT

[—

N TEY BITERE T ) A— KA —F —

IR T 2B Z AW TH S RFERZTo 72,

T/ RAP—IIBXOUREET, XU —%25

FIATL—RIA4Y—RBEZVRBE/ )
ZREALEEZHFLVWIATORATL—RI14¥
—ETH O, GERMIRZIRMA 7 2V R TIEMH
{EDORATH o IR TR L wn % FEBHKT %
/DHIEMTED, £l bt /) I TF—TIE
B mg ODFAN 1L EIOUHE S U THETHIN
FI AT —RIAY—IiZid 1 BDF /kiF1kic
Bng BEOEANLERTH S, B/NEOY 7
IVEN SRR X < SRR 2 B (B 90%)
B ENARER IO AREB I EHELEF O D
NN TN S, 1 EOEAFEHEN DN
EMBE L OEBREMZBF RTRE TR Y17 Xl
HENENZBABRITEEZET 5T /KT AIER
DB BB TH D, EFOWMEE L THE
S5NBH. KELBEDEHEGTREGIEDZEMN
TE., RIBROBREZKBED S SiRE £ THEK
AJRECTH D, AMRHETIIRFICZIOFREICEKS
T /RFERICER U, R T OREY T
flild FEEELE DB S LRI 7. M7
RIS, ER 2B L2y ) — VIR (50
ng/30ml) ZA L —RIAVv—Z) (S>>
THA L 1-2018) . R L S N RN EHB LN
WEMBICHESIN, finTdLHDATIZL DI
kA 2 BN L 7z,

INXTOHEMN SERNBERNICH R LB
79272013k F A1 ZOHBENEETH B &
EZATND, TD AN I h R 3



FIHNRBE W RETS e hL Y 1 XD HEM &k 7Y
A X1 unPA FELRE,

WEFEIEE 2 - 52U Y - b S ARN LR ORE
EEF)ERIKR AV EERT /R TR
RIZ K D ABENEMED 7 R b — 3 AMFIZIRD
Rl

FIIVISA > BER D RN RIS 5 7 R
b= ZMHIZIRZ T L /2. BT UFAEN
BB RICBE KR 2R UM I ML
AVEEEGZ TN CHERICED TR M—
AR E M L7z, RNERIIERIEA R LA
TTHIWNSA EEHEN LT R S — 2 ANRD
SNz AES#% & U7z (Bur. J. Pharm, 547, 1,
2006) o 7R b— 3 AMHIBHRIL TUNEL IEIC K D FF
il 7z,
KBEOMRERD S MR 2 HBEL . D-MEM &%
¥ (10% FBS, L-Gln, DFGF, Anti-Anti &7F) T
# U7 AN RSB R (passage 2) ZH Wz,
20 uMDAIVINA HEAZEML T 0. 5h #&RIT
50 uM OBEE{LKFEEZMAZ 37T CA >FaX—%
TUMELEBNS T4 IV AT IV T E REEZE
712577, FNT TritonX-100(0. 1%), sodium
citrate (0. 1%) THIL /=% TUNEL JEICHE D&
TINWA LA EEREB L OANF X AR T
EORRRE Uz, W TEOREMERRICXD
TR = ZADERIINA L1 O TEREIN
TmHifaE AT > R UAF A N TERREINM
fagk & DEIGMN 6y XINVBERZE N U, FE
fEA RV ARTHIVSA P EEFROERMEEZ T
ho—)b& L, & NABEREEILVS A1 >
(HCEC-BAG12) B L UNEE E M A EN ZMIEIZ DV
THEBRDRAEZTT D 72,

BFEIEE 3« U FEYEROEEETIVERK
O H WISA P BHERIT /R R IC K 5 AR
BB D 7 A b — 3 A N0 O
EWREBRBRTO in vivolTBT B )81 2
EHIF BT RIBE O AENE RO Y R b —

AN RIS DN TEFM L 7=,

WA G L =AY YRy I A UBICXD
RARNICABENRICEEZ 52 72, EEPRO
FHICHZ0 ZDDOETFIVTRIELZ. —DDFK
37 1 FNEBEZELABRNERICT A -2 52,
AENRE L 2 2R e. RIRZRGL. A
RS OEFTHIHS U < I3XREBDOHENAE L 50
EER LU, O —D0RIE. 7 I A WNERTH
SEAEBERBL. 771 T WBERBESLITN
BEE Tz, mEZ2ES/snas ho—)VEtslt
BLTABRORBESICENALNDNERIEL
o RIRBIZ1 H3ETo . AiEDRI 2 EMER
B2, BEORIT 1ABSEER =,

C. BHFERER
WEFEIEH 12 VS S BHERIT /R T IBE D
YESL & REE ) I 3

F R TFOERICH = DEIRIE, -/ AP
BOF ) AT L—RIA4 VY —DEHERFL .
ZOFER, EILER T ) XA Y —ETRER DS
JBEFAENERD 535 B D DEAIRIFDKHPTD
FERRESICE VDRI 7R 7 ans
SYA—MIA—F —FTRETHHEAND D,
BT U1 X R UK H T DR F o8 E O
REERT DDICERIRADBETH D &
MEASMNETR o Tz,

F JRFERICF ) AT L — RS54 v —2iH
U=EBRRT, BHZBM LTS ) — VAR E
ATV —RS5A4TBIET, FiFT1 X1 unlh
TREOEKF /hT2E2 2 EITRILE (K
2. EFEEOHKEE - NHEZMAET 2 L TH
KBHEDATOA REASBEHLZEZ A, Mk
DERBEHGETTFIASY 7N A0X oy
THRTFOERITERII LTz, EHNIMATES
N5-HRIBKE U THEAT 5I2H 7 DEA DK
NOESEULERFT URER, RUVILR—1 8
0 2% FRETEER O I L D ARNOR T2 BUL
INRBD SN, S SRBDRTRESHDIZ0HK
FTORTREMNFIRTORNBETHEEZT




Wb,

I/ KRR A O IRNBAT MR I D W T

TR RIRHE Z m IR G- U728, ki 7 DlR
AT S OV DHRNEIREIC D W T 1R A
DIE<S AR B LN, BxITHIV/SA1 2 BHEA
F 7 K F RIRIE & W EEIC et B . SOGRER
B9 5T /R IR ZE W TREE 2175 7228,
ZDRETF KT OIRNBITHEMOEDIRNEREE
O GE R IR L — P —BEMEEEHRIC LD

HHSMMIZT 5 Z ST U 7= (GRisC: K. Baba et al,

Journal of Controlled Release, 153, 278-287,
2011) . #5R. HOCREN S TR ITDET SR TR
IR DA EIE SO~ A 7 TR 7R Ob;
THA X B~ rr7o0A—M) oK
DBHEBIRNBITHEZRED S ZENHEN L7
D7z, RIHER L —Y—BEMEEIC X DIEERD#
NBIERZITo I E AT VR FRIBE. F kT
HOR DAL SWN I Rz . A IRSEE 2 i U A i
NEICETRIBETREL TWHZENHSNE
8o, XA 7 R FRIBICIIBRE I NN F
JRITRAOBIRTH O F / kT RIBE DO IRN
T T 26820 ZRLTWS, £2BEHT5
N RO PCT Z R A TH S Z EBAEed
% (ERR R+ : PCT/TP2009/68851) . F1)L/SA
RRER T /KT RIBROM L Z X795 LTS
ZELRDBEEBMERRTH D EEZ TIN5,

. F /R OERIETH 2 BEIRIEIC DN T
TOEREB JOWERE ORplEZkHE L TE
L= (#FZ; K Baba et al, 7z Nanocrystal,
pp. 397-414, 2011) . FEDF / ki ¥ KRR D fEHL
HRICBWTAHRGHERIE - AvYy RiZkdEE
ATW5S,

KR IwTF 77025 ) OIERLE Y aEH
(Recent Patents on Nanomedicine, 1, 123-129,
2011) BROHEMRT Ry FEAWEHE—4T
A A—3> 271k (Theranostics, 2012, in press)
DENTIUT DN TEREEBIBEDO RO —B) &
BHZEEMFFLBHZE LI EBMEET 5,

......

K2:F /XS L—
B FERO—Hi

e

R4 ¥ —ickdF/

WEFEEEE 2« 5T F - b AN R o kst
BETIER KR H IS S RHERIT b1 50E
RIC K B AN D 7 A b — 2 ZHHEIED
%
WERALKFERINC K D KEEIEA N L A& % 5
AT T FARNEMER T, V81
FEHOMBAICE DT R b — ZMHIEN RN RE X
N7z (XM3)., & MENEEILS 1 >
(HCEC-B4G12) B L UKE b AN MR ICD
W TV R 75 3 R DRSS 2 3D BE B K ER)
RIZDWTHEEZED T D,

BIEAMUATFTIZBH3FPRNM— R ZE

1.4-
1.2
1.0
0.8-
0.6+
0.4
0.2
0.0+

PR b= 2AH(%))

FRF—O M
HEhTILNS

FEA®HY

TUNELJS {3 (

FERGZL

B 3: ERAEA DL AME GRER(LKFE: 50 o
M FIZBT27H b= ZFEORER, 20 uM
DANINA HERZHRMLIERTTY R b—
A DH|HARR S N (RDAH)



WHZEEHE 3 : T Y T EWEBROEE T TIVERK
O AV P BHEH T 7 ki1 AR I & 5 A5
B2 D 7 A b — o Z IR O 2

7 A AU % i U FAREANEE U Ts I & B R
L7zDbRIRZBELZRTIE. kiR,
W AR, O hO—)L THZEfT/a -5 7220,
ZRITEAAR R S N T2 TOMEDIRE )RR
BNCHETT U — . 27 51 A ALE 2 i3 EL R
SRIBZBL. UEESESICHBEZEETZ2T
. RRICEEESE (5%) 23 AfI=% T
D BEOHESTRHH SN THBERTABER I N
o (M4: b, RIBZEI/Vna> ho—)LlO%R
TId 3 HHICIHREETL TV (K4: F).
KB EFWZMIC L O ABEDORAZHE L& 2
A, BE LI bO—)LORISMAENEZ DR >
THEEDEE SN TN D T EHERI S NEENE
L CBOEYEENR 523 un ThHh o =08, &
RIRZ U 7= RISEEEEN 314 un THo =7z
D, RIRIZ & 2 A 5N K i e D M SE A1 A3 =%
SNz (FE1),

B 4: 771 NEBEROARDERT .
(k) mRERE, (F) RRQLESRL

£ 1 : AROEBHE DKER

R (pm) FHRRE (um)
BREAR 332 312 288 297 339 314
avko—jL 525 539 520 536 495 523
D. BEE

WEZRIEE 12 F)V/SA BHEAIT /R B D
YR8 & M8 W 1 B

WA DISEATHTEN 5 FH E IRNITRI R L < BT
S STDITIIR A XOHIH, Rl EHF )
R LNEEEEZ 2, /AT —RI51 Y —
DEEFIEIEF D F ) R FALICA R TFETH D Z
EWOMNoTce KF I AT L —RIA4¥—id
IVAREBE ANEHERLEZ2<HFLVY L TD
ATV —=RIAY—IETH O, RN WK
ZIWVAHERTIIGS Z EDNRETH - =1 X
WO R Z WEEICT B, DX VKA ZEN LI
BIRD AT L — O A X3/ ki1 7% VRS
AIREZRFE T/ E < WY A K& MR L 725
JRFDERMNAIGETH oD EBEZTNDS,
FIVNA P HEBRZ T TR A701 REFNICH
WTHHEBRD T /R T OESITRI U=, A%E
L N =VIN TVASE LEIOE - [DM VS i ol | A NE SR VAN
FETHDHEEZ OGNS, FE5NTNMAE SR
ELUTHHDOIZDKICHEIM S E 2 FERERG L
7=, R TR AIEER R Y VILR— |k 8 04
DOFREIEER Z T 2 2 & THEAMAZ KITFH
SBYE I /7=, B LRI T 2R 02 E K5
B 27=0IITRFOKFTOREEZNH X ES
FREZHECDIMHEDEZ SN, 5B E BREE2HE
05,

WHFEIEE 2 : B Y - b AP R R o
BETIVER KON/ P HEHRF /R R
I K 2 A RN D Y A b — ZHHIZNED
E’?@

BALA b L AR DHIBLD T R b — > AT




TDHIEDNASLNDN., BAIVSA CHER O
MK DTS FAENEHRTOY R h—
AMHBNRD R S Nz, IS HER O
R T v 7 AN R EEICBT 28X N
A& LI T IR b= AMHIRIRICH S5 TES &
FRFTE. FILWIBEEDO—D E L THRIEL TW
AMEMNRDH B EFZ TS, BIEE MKRN L
V54 > HCEC-BAG12) BL USRS AEP &M
JIZBWTHRAEZED TS,

WHEEHE 3 : VY FEYMEROEE T IAER K
CHIV A A HERN S/ b s BRI K 5 fA RN
BRI D T A b — 2 2 0 R O Bl

754 A NEZEL 2B ERETIICBNT
ARDEB L 2O RRZBL TS, I TICHAE
PNECNSEIR L T D EHERIS N5 720, MAIRN KR
MIBD T R b — 2 ZMHFIRZ2HD LN TER
MO EBEATND, =T 4 FEERTX
D RIRZBAMA U2 RICH W T A BRIREETT DL
NS N7 TV A VBHERNC XL 5 AR
WNEIIAZED HIHI A RR E Nz, FE7SMREEIL S
BEBHED TN TETH S,

B s
FIATL—RIA Vv —DFERICE DT /R T
RENOLIE 537 A DY - 35F gt i s ae B4 = Q0
pnfEELLF Th o, RMEE IR E LT
FARTEEIC T B DWMA DK D BUL 247 5 T- ks R
RUYVIR— K 8 0 O REIEMHIOFERICED
FEH DK BUEDZBD 5NN, B ek
HHNT ) RTFRDBIRE MR 272012, 5 &
B LS NTAFREHZRE L TW < BEND
5,
BRUYFMPENLERRTHRIEA ML AT
BT DHINA HEFNCEZ DT A h— ZHH]
PROFMZITo Toe TDORER, HIVISA VHE
AN K DRI FAENEMBEO 7 RN — 2
PIHIFIRACRE I Nz, & MABENE LS 1 >
(HCEC-BAG12) BL VB MAKRNK &R T

FEM 7RG 2 D T <,

754 ANiE % i U RN R E & s L e
FERRRITBWTY I A WEERTEL O HIV/SA
CHHEH O RIBZ LA L2 RICB W T A BEEE
DIETOBENRD SN EITE D, VS
> RHEFNC & 5 M BEN 2 MR S8 O M SR8 X 1
2o RARRFRIFEM S & IV YRS 1T &k 5 Sk
ROFHHMBGED S E DD TN, AR
FED R Lo THIVSA P BHESNT L5 M IEN
RO T R~ — 2 ZEHIEIR K S i,
T w7 ZABNEEEEICN L THLWY 1 TD
HEEANBEOREEN I/ TE B,

F. RERERRIE®R S4EL

G. BFFERR

. #CER

@ Koichi Baba, Yuji Tanaka, Akira Kubota
Hitoshi Kasai, Shunji Yokokura, Hachiro
Nakanishi, Kohji Nishida: A method for
enhancing the ocular penetration of eye drops
using nanoparticles of hydrolyzable dye: T.
Controlled Release, 2011, 153, 278-287.

@ Koichi Baba, Hitoshi Kasai, Kohji Nishida,
Hachiro Nakanishi: Functional Organic
Nanocrystals: /nNanocrystal, Yoshitake Masuda
ed., pp. 397-414, Chap. 15, Intec, Croatia, June
2011.

® Koichi Baba, Kohji Nishida: Drug
Nanocrystals: their physicochemical

properties and production technologies,
Recent Patents on Nanomedicine, 1, 123-129,

2011.

@ Koichi Baba, Kohji Nishida: Single molecule
tracking in living cells using single quantum

dot applications, Theranostics, 2012, in



press.

2. FRFER

O ENBRERE) BB — TaHF R0
fFEEHFANDIGHL , AT+ —F 4, 48 [0 #
5 S S R B A O NN v v == 5 7
EEFEOBE AR, WER EL# 7L
2 (Q0ILETHSH).

@ HEBRIRA 7 +—54) Koichi Baba, Yuji
Tanaka, Akira Kubota, Hitoshi Kasai, Shunji
Yokokura, Hachiro Nakanishi, Kohji Nishida
Enhancing the ocular penetration of eye drops

by using nanoparticles, Osaka University/The
Chinese University of Hong Kong, Ophthalmology
Forum 2011, Osaka, August 4, 2011

@ M IAEEE) Koichi Baba, Nanoparticles of
hydrolysable dye achived the hihg ocular
penetration by passing through the corneal
barrier function, BIT" s 2nd Annual World
Congress of NanoMedicine-2011, Shenzhen, China
(3 Nov. 2011)

@ ENIHRrRE) BEH— AT BROHE
B . MBHMEZEDN S NA T —EREN &7
U —al, $HREIDDSRERT RIT L, RE
ARFEFIEARLSEEI >R 2 a vik—)l,
REA, (201243 H 6 H)

® EPIB#%E) Koichi Baba, A method for
enhancing the ocular penetration of eye drops
using nanoparticle formulation as a potential
drug delivery system in ophthalmology, The 27th
Asia Pacific Academy of Ophthalmology Congress
April 15 (Sun), 2012: BEXCO, Busan, Korea.

Ho IR EHED IR - S ek
1. RraFHIE

O mH=— BHH— S, mhihs,
ARHT, BER=. TIRABITEO &SRB
KBHFHA A= P TR 5 NCEN S DG S
=1 (EBRHEFS : PCT/IP2009/68851)

© BEH—. PiHE:E . FEHfdERE. B 2012-
99285 (HHEEH H24. 4.24)

2. RrEFEUE 2L
3. FEHFEERE L



WFFERARRDOTATICEET 5 —& R



WEFRROTITICBET 5 —B& L1 7 b

HERYG | XY NVE | EESKO HREL ket | R | HOREE | X—D
M 4 #
Koichi Baba, | Functional Yoshitake Nanocrystal | INTECH | Croatia | 2011 pp. 397
Hitoshi organic Masuda 414 (C
Kasai, Kohji | nanocrystals hap.
Nishida, 15)
Hachiro
Nakanishi
it
FERE R4 XA IV FEFRE BE e R—T | AR
Koichi Baba, Yuji | A method for enhancing the | Journal of Controlled 153, 278-287 | 2011
Tanaka, Akira ocular penetration of eye |Release
Kubota, Hitoshi drops using nanoparticles
Kasai, Shunji of hydrolyzable dye
Yokokura,
Hachiro
Nakanishi, Kohji
Nishida
Koichi Baba, Kohji | Drug nanocrystals: their Recent Patents on 1, 123-129 | 2011
Nishida physicochemical properties | Nanomedicine
and production
technologies
Koichi Baba, Kohji | Single molecule tracking in | Theranostics in press 2012
Nishida living cells using single
quantum dot applications




BF ST AR
P
HaTh - 5
il



15

Functional Organic Nanocrystals

Koichi Baba!, Hitoshi Kasai2?, Kohji Nishida! and Hachiro Nakanishi?
10saka University

2Tohoku University

3PRESTO, Japan Science and Technology Agency

Japan

1. Introduction

The topic in this chapter concerns organic nanocrystals. Numerous scientific researches of
nanocrystals are focusing on inorganic compounds such as a metal and a semiconductor.
The research related to organic nanocrystals is relatively new compared to that of inorganic
nanocrystals. Nearly two decades ago, our research team had developed a novel preparation
method of organic nanocrystals, what we call the reprecipitation method. Since then, we
have been leading the research area of organic nanocrystals. The reprecipitation method has
bottom-up type with a wet process procedure to prepare organic nanocrystals, and organic
nanocrystals are obtained as their water dispersion. Numerous numbers of organic
compounds are allowed to be a candidate for a targeting of organic nanocrystals by means
of using the reprecipitation method. Functional organic nanocrystals have been attracted in
a scientific and technological area of materials. In this chapter, first we mention the research
back ground of organic nanocrystals, and then introduce the preparation method of organic
nanocrystals, i.e. the reprecipitation method, and their improved ones. Then, several kinds
of functional organic nanocrystals relating to optoelectrical materials, nanomedicine, and
biophotonics are mentioned. Recent topics of organic nanocrystals achieved by several
groups are briefly introduced. In this chapter, the topics are proceeding as follows:

1. Back ground of the research of organic nanocrystals

2.  Preparation method of organic nanocrystals

3. Several functional organic nanocrystals

4. Recent topics of organic nanocrystals achieved by several groups

2. Back ground of the research of organic nanocrystals

Fabrication of nanocrystals and their nanostructure has been investigated extensively for
metals (Ung et al., 1997) and semiconductors (Murray et al., 1993), and many characteristic
properties have already been shown. For example, a novel and unique optical property
called the quantum size effect (Nakamura, 1992) was found for such inorganic nanocrystals
in a size of a few nanometres (e.g. nonlinear optics, semiconductor lasing, and quantum dot
applications).

For organic nanocrystals, however, nanocrystals fabrication has so far rarely been
investigated, owing to their thermal instability, except for the thermally stable
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phthalocyanine and a kind of low molecular weight aromatic compounds which were
nanocrystallized by an evaporation method in an inert gas (Granqvist et al., 1976) or by a
crystal growth technique in a porous polymer (Matsui et al., 1995). Recently, we have
proposed a simple and convenient method for the fabrication of organic nanocrystals, what
we call the reprecipitation method (Kasai et al., 1992). In brief, the hydrophobic solution in
which hydrophobic compounds dissolved is injected into water, which results in a
reprecipitation owing to its insolubility in water to give nanocrystal dispersion. By this
method, many kinds of organic compounds such as polydiacetylene (Katagi et al., 1996),
phthalocyanine (Yanagawa et al, 1997), perylene (Kasai et al., 1996) and so on can be
nanocrystallized successfully. Interestingly, size-dependent optical properties are observed
for these organic nanocrystals even in the 100 nm size range, an order of magnitude larger
than the scale where the inorganic nanocrystals usually show size-dependent optical
properties. These aqueous organic nanocrystals dispersions may have great potential for use
in fundamental and applied optics, e.g. as nonlinear optical (NLO) materials having large
#® without optical loss (Kasai et al., 1995) and having easy process ability to other material
forms.

Until now, not only the investigation of fundamental optelectrical properties of organic
nanocrystals, but also their interesting physiochemical properties and their peculiar
advantages compared to inorganic nanocrystals have been extended to nanomedicine and
biophotonics. First we introduce the fabrication technique of organic nanocrystals; the
reprecipitation method.

3. Preparation method of organic nanocrystals

3.1 The reprecipitation method

The reprecipitation method, which is a solvent displacement method, was first reported by
our research groups (Fig. 1a) (Kasai et al., 1992). It provides a very simple and versatile way
to prepare organic nanocrystals dispersions. The method involves a rapid mixing of a small
amount of concentrated stock solution of the target compound dissolved in a good solvent
with excess of a poor solvent. The great disparity between the solubilities of the target
compound in the good and poor solvents, and the good compatibility of the two solvents
are essential for this method. The rapid mixing of the stock solution and the poor solvent
changes the micro-environment of the target compound molecules. The molecules are
exposed to the poor solvent surroundings in a very short time, inducing the nucleation and
growth of the molecules to nanocrystals. The size and morphology of nanocrystals can be
controlled (Fig. 1b and 1c) by tuning a concentration, temperature, stirring speed, and
adding surfactant. Then the precipitation creates nanocrystals dispersed in water. Many
kinds of organic compound such as n-conjugate compounds, NLO dyes (Kaneko et al, 2005),
fluorescent dyes (Fig. 1d), fullerene (Tan et al., 2008), and several polymers (Ishizaka et al.,
2006; Zhao et al., 2009) are candidate for nanocrystals (nanoparticles for polymer). However
some kinds of rigid compounds such as phthalocyanine having n-n stack structure are quite
hard to be solved in usual organic solvent, thus for the nanocrystal preparation of these
attractive functional compound, an advanced preparation technique is required. A
supercritical fluid is a candidate for dissolving this problem.

3.2 Superecritical fluid crystallization method
The properties of phthalocyanine are very interesting in both optics and electronics in the
fields of nonlinear optics, organic photoconductors, and pigments. Phthalocyanine is known
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Fig. 1. (a) Scheme of the reprecipitation method. (b,c) Size controlled organic nanocrystals in
same compound. (d) Fluorescence images of organic nanocrystals in water.

to have large ¥ and ultrafast optical response in the crystalline state (Matsuda et al., 1990)..
However, it is almost impossible to make large single crystals of phthalocyanine, because its
solubility is very poor in almost all kinds of solvent. Thus, one of the best ways for the
application of phthalocyanine crystals would undoubtedly be to make devices with
constructed by nanocrystals. Even this, commercial phthalocyanine nanocrystals have been
prepared and refined only by the acid-pasting method, and these phthalocyanine
nanocrystals have been used as materials for organic photoconductor. However, this
method may give rise to environmental problems in the near future due to the use of much
sulphuric acid.

On the other hand, supercritical fluid (SCF) has been expected to have a high solubility
against insoluble organic compounds, since it shows high solubility under high
temperatures and high pressure. Thus, we expected the SCF approach to be an alternative
method for making phthalocyanine nanocrystals, instead of the acid pasting method. On the
basis of this idea, the use of SCF was examined for the purpose of improving the
reprecipitation method. The new method is called supercritical fluid crystallization (SCFC)
method (Fig. 2) (Komai et al., 1998). The preparation of phthalocyanine nanocrystals using
the SCFC method was used in order to demonstrate this usefulness. The size and
modification control of titanyl phthalocyanine crystal have been attempted using the
reprecipitation method from SCFC. The fabrication r-form of titanly phthalocyanine
nanocrystals was achieved, which is a hopefully candidate for materials for organic
photoconductor. Recently, further application using SCFC method has been developed as
new one including several organic pigments and inorganic semiconductors. As shown in
this section, the applying the additional outsources energy like SCF to the reprecipitation
method is quite useful for extending the preparation possibility of organic nanocrystals. As
a further extension, the approach using a microwave irradiation was also demonstrated as a
useful procedure for preparing organic nanocrystals.



400 Nanocrystal

3.3 Microwave-irradiation reprecipitation method

Recently, as a novel fabrication technique of functional materials, a microwave irradiation
process is much noted in the field of organic and inorganic synthesis and nanoparticles. For
example, high critical temperature superconductors, mono-dispersed nickel, gold, silver
nanoparticles, and organic-metal complexes were successfully prepared by using this
technique.
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Fig. 2. Scheme of the supercritical fluid crystallization method.

We focused on the unique aspect of microwave at 245 GHz. One of the aspects of
microwave (2.45 GHz) is that the microwave is well absorbed by water molecule, resulting
in effective homogeneous and rapid heating of water is realized. Since nanocrystals are
prepared in water environment by the reprecipitation method, we have attempted to apply
the microwave-irradiation process to the reprecipitation method for the purpose of
fabricating well-defined organic nanocrystals (Fig. 3). Upon microwave-heating was applied
to the reprecipitation method, homogeneous and rapid heating increased the homogeneous
crystal growth and then the crystallization was completed without particle aggregation. This
homogeneous heating resulted in making fine narrow-sized homogeneous nanocrystals
dispersed in water (Baba et al., 2000). If the conventional conductive heating such as hot
plate heating was used, this gradient heating induced large-sized and random-size
distributed crystal growth in aqueous dispersion system.

We demonstrated that the narrow size distributed nanocrystals of TPB, perylene (Fig. 4)
(Baba et al., 2000), and DCHD were successfully fabricated within a short time by applying
microwave heating just after our conventional reprecipitation procedure. Furthermore, there
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was finding that the size and morphology of DCHD nanocrystals and nanofiber were
controlled well under using the open- and closed-type vessel (Fig. 5) (Baba et al., 2007a).

The next stage of our interest was how to mass produce these attractive organic nanocrystals
for the sake of industrial approach.
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Fig. 3. Scheme of the microwave-irradiation reprecipitation method.

Fig. 4. Perylene nanocrystals prepared by the microwave-irradiation reprecipitation method.
(Reprinted from (Baba, et al., 2000): Japanese Journal of Applied Physics. Vol. 39 (2000) pp.
L1256-1.1258, Part 2, No. 12A, DOIL: 10.1143/JJAP.39.11256. Copyright 2000 The Japan
Society of Applied Physics)



