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Formulation and evaluation of PEGylated niosomes for targeted drug delivery
Tamer Shehata, Ken-ichi Ogawara, Kazutaka Higaki and Toshikiro Kimura
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences,

Division of Pharmaceutical Sciences, Okayama University, Japan

Niosomes are defined as non-ionic surfactant (NIS)-based vesicles and are formed from
the self assembly of non-ionic amphiphiles in aqueous media. In this study, we prepared
various PEGylated niosomes composed of NIS (Brij 72, Span 20 or Tween 60),
cholesterol, dicetyl phosphate and PEG2000-DSPE, and evaluated their biodistribution
characteristics after intravenous administration into rats. It was confirmed that all of the
niosomes prepared stably incorporated calcein. In addition, in-vivo study demonstrated
that PEGylation dramatically increased the AUC values of the niosomes composed of
Brij or Span. On the other hand, the same treatment did not significantly affect the AUC
value of niosome composed of Tween. We are now investigating the hepatic disposition

characteristics of these niosomes.
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DEVELOPMENT AND EVALUATION OF NOVEL NANOPARTICLE FORMULATION OF PACLITAXEL
Yuta Yoshizawa, Yusuke Kono, Yoshiko Fukuoka, Ken-ichi Ogawara, Kazutaka Higaki and Toshikiro Kimura

Division of Pharmaceutical Sciences, Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama
University, 1-1-1 Tsushima-naka, Okayama 700-8530, Japan

Paclitaxel (PTX) is a powerful chemotherapeutic agent against wide range of cancers. Because of its poor water
solubility, PTX is dissolved in the mixture of ethanol and Cremophor EL (1:1, v/v) for its clinical use. However, this
formulation is associated with a number of pharmacological and pharmacokinetic concerns including the occurrence of
serious hypersensitivity reactions in cancer patients. To overcome these problems, we examined o/w emulsion and
liposome as a candidate of PTX nanocarrier. Emulsion was composed of egg phosphatidylcholine (EPC), Tween 80
and the mixture of triglycerides as surfactant, co-surfactant and oil component, respectively. Liposome was prepared
with hydrogenated soybean phosphatidylcholine (HSPC) and cholesterol. To improve in-vivo behavior of these
nanoparticles, PEGylation was also conducted. Moreover, to separately evaluate the in-vivo disposition characteristics
of nanocarrier itself and the drug included, we used nanoparticles labeled with *H-cholesteryl hexadecylether (*H-CHE)
containing “C-PTX. Although PEGylation significantly prolonged the blood circulation time of these nanoparticles
after intravenous injection, AUC of PEG liposome was much larger than that of PEG emulsion. In addition, PEG
liposome was found to be more stably incorporating PTX in the in-vivo situation while a rapid release of PTX from
PEG emulsion was observed. On the other hand, in-vitro MTT assay indicated that cytotoxicity of PEG liposomal
PTX was less potent than PTX formulated in PEG emulsion, reflecting the slower release of PTX from PEG liposome.
These results suggest that PEG liposome would be a suitable nanocarrier for PTX. Now we arc evaluating anti-tumor
activity of PTX-loaded nanoparticles in a solid tumor-bearing mice model.
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IMPROVEMENT OF IN-VIVO DISPOSITION CHARACTERISTICS AND ANTI-TUMOR ACTIVITY OF
PEG LIPOSOMAL DOXORUBICIN BY rHSA CONJUGATION ONTO SURFACE OF LIPOSOME

Ryosuke Watari', Shuhei Nishiguchi', Ken-ichi Ogawara', Jun-ichi Yokoe®, Kazutaka Higaki', Toshiya Kai*, Makoto
Sato® and Toshikiro Kimura'

'Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama University, 1-1-1 Tsushima-naka,
Okayama 700-8530, Japan and *Pharmacecutical Research and Development Laboratory, Nipro Corporation, 3023
Noji-cho, Kusatsu, Shiga 525-0055, Japan

In a series of our previous studies, we have demonstrated that conjugation of recombinant human serum albumin
(rHSA) onto the surface of polyethylene glycol (PEG) liposome prolonged the blood circulation time after intravenous
administration in rats. Among various conjugation methods we have applied for rtHSA conjugation, the modified-SPDP
method provided the rHSA-conjugated PEG (tHSA/PEG) liposome showing the highest AUC. Since AUC is one of the
mos! important driving forces for the better tumor targeting of liposomal drug based on enhanced permeability and
retention (EPR) effect, we selected the modified-SPDP method to prepare rHSA/PEG liposome for furiher
investigations, In the present study, we evaluated the in-vivo disposition characteristics and anti-tumor activity of
rHSA/PEG liposomal doxorubicin (DOX) in solid tumor-bearing mice. It was shown that rHSA/PEG liposome
exhibited longer blood circulation time, lower affinity to reticuloendothelial system (RES) and higher disposition into
tumor tissue than PEG liposome. These pharmacokinetic advantages obtained by tHSA conjugation were also observed
for liposomal DOX. Correspondingly, tHSA/PEG liposomal DOX exhibited higher anti-tumor activity than PEG
liposomal DOX. These results clearly indicate that tHSA conjugation onto the surface of PEG liposome would be a
useful approach o increase the effectiveness of PEG liposomal DOX.
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PREPARATION OF POLYMERIC PARTICLES WITH POLY(ASPARTIC
ACID) HAIRY CHAINS

K. Tomita, T. Ono

Department of Material and Energy Science, Okayama University, 3-1-1
Tsushima-Naka, Okayama, Okayama, 700-8530, Japan (tono(@cc.okayama-u.ac.jp)

The aim of this work is to develop a method for preparing hairy particles which is
capable of introducing functional groups. Dispersion copolymerization of
hydrophobic monomer and macromonomer is a one-pot process for preparing hairy
particles. Therefore, we synthesized macromonomer based on sodium polyaspartate
(PAspNa) as a reactive stabilizer for preparation of hairy particles.
Poly(succinimide) (PSI), a precursor of PAspNa, can react with amino compounds
to introduce functional groups in the side chain. Thus, dispersion copolymerization
using the PAspNa macromonomer is promising for development of the functional
hairy layer on the particle surface.

PSI derivatives with a hydroxyphthalimide end group were synthesized by thermal
polycondensation of L-aspartic acid and 4-hydroxyphthalic acid. PAspNa
macromonomers were obtained by a reaction of the PSI derivatives and acryloyl
chloride, and hydrolysis by sodium hydroxide solution. By the dispersion
copolymerization of styrene and PAspNa macromonomer in a mixture of ethanol
and water, sub-micron sized polymeric particles were prepared. Figure 1 shows the
transmission electron microscopy (TEM)
image of ultrathin cross section of the particles
prepared with PAspNa macromonomer which
is stained by osmium tetraoxide and
phosphotungstic acid. It showed that the
resultant particles were covered with a
PAspNa layer. Hydrodynamic diameter of the
particles was investigated by dynamic light
scattering method. Hydrodynamic diameter of
the particles decreased with increasing
electrolyte concentration. This result supports
PAspNa chains on the particle surface are
extending into water. When the PAspNa :
macromonomer with high molecular weight PAspNa was stained by
was used for preparation of the particles, the 0Sm1um tetraoxide and
change in hydrodynamic diameter was larger. ~Phosphotungstic acid.

400nm

Fig. 1 TEM image of ultrathin
cross section of the particles
with a PAspNa hairy layer.



DESIGN OF POLYMERIC DISPERSION STABILIZER FOR
PREPARATION OF MONODISPERSE POLYLACTIDE MICROSPHERES

M. Muranaka and T. Ono*

Department of Material and Energy Science, Okayama University, 3-1-1
Tsushima-naka Okayama, 700-8530, Japan * e-mail : tonol@cc.okavama-u.ac.jp

Poly(dodecyl methacrylate)-co-poly(2-hydroxylethyl methacrylate)
(PDMA-co-PHEMA), copolymers with dodecyl and hydroxy groups, were
synthesized to use as a stabilizer for the dispersion polymerization of D,L-lactide
(DLLA). The dispersion polymerization was carried out in xylene/heptane (1:2 in
v/v) mixture solution at 368 K using PDMA-co-PHEMA and 2-ethylhexanoate as a
catalyst. As a result, in the case with 1.25 mol% of HEMA, monodisperse PDLLA
microspheres were obtained (particle diameter = 4.5 um, coefficient of variation, CV
= 4.89 %). Dynamic light scattering measurement showed that the presence of
micellar aggregates for PDMA-co-PHEMA in the initial stage was one of the
affecting factors to the polydispersity of the PDLLA microspheres prepared by
dispersion polymerization. Furthermore, we investigated the time course of
monomer conversion, particle diameter and CV to clarify the optimal molecular
structure of PDMA-co-PHEMA for the preparation of monodisperse PDLLA
microspheres. In the case with 1.25 mol% of HEMA, the monomer conversion and the
particle diameter were increased with polymerization time, and the CV was decreased.
In contrast, in the case with 2.30 mol% of HEMA, the monomer conversion and the
particle diameter were increased with polymerization time, but the CV was not
decreased, indicating that polydisperse PDLLA microspheres were prepared. In
general, it is necessary for decreasing CV to sufficiently capture monomers into the
particle in the growth stage. From the results obtained in this study, we found that
the degree of monomer capturing depended on the adsorption of dispersion
stabilizers. Consequently, the HEMA content, initiator of polymerization of
D,L-lactide, in PDMA-co-PHEMA palys an important role for preparation
monodisperse PDLLA microspheres.
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Fig. 1 Chemical structure of PAspNa
macromonomer.
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Fig. 2 SEM image of the particles by
dispersion copolymerization of styrene
and PAspNa macromonomer. [PAspNa
macromonomer]=2.22x10" g/ml.

i f v

Fig. 3 TEM image of ultrathin cross
section of the particles with a PAspNa
hairy Law. [PAspNa macromonomer =
2.22x10° g/ml. PAspNa was stained by
osmium tetraoxide and phosphotungstic
acid.

Monodlsperse hairy particles by dispersion copolymerization with macromonomer
K. TOMITA, T. ONO (Okayama Univ., tono@cc.okayama-u.ac.jp)

MW&WWMMWEM&MW
particles with a hairy layer. We synthesized macromonomers derived from sodium polyaspartate (PAspNa) and applied them
as a reactive stabilizer in dispersion polymerization. PAspNa can react with amino compounds to introduce finctional groups
into the side chain. Thus, dispersion copolymerization using PAspNa macromonomer is promising for development of the
fimctional hairy layer on particle surface. Dispersion copolymerization of styrene and PAspNa macromonomer in a mixture of
ethanol and water was carried out. Monodisperse polymeric particles were obtained at a low concentration of macromonomer
decreasing polymerization degree of macromonomer. The existence of hairy layer of PAspNa chains was clarified by the
transmission electron microscopy (TEM) images of ultrathin cross sections of particles.
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Particle size contral of monodisperse PDLLA microspheres in dispersion polymerization
M. MURANAKA, T. ONO (Okayama Univ., tono@cc.okayama-u.ac.jp)

We prepared monodisperse poly(D,L-lactide) (PDLLA) microspheres by dispersion polymerization of
D,L-lactide. The polymerization with PDMA-co-PHEMA synthesized as a polymeric stabilizer was carried out in
xylene/heptane (1:2 in v/v) solution at 368 K for 3 h. PDMA-co-PHEMA has hydroxyl groups as an initiation
groups for anionic dispersion polymerization. As a result, monodispersc PDLLA microspheres in 1.3 ~ 5.8 um
size range were prepared by changing of PDMA-co-PHEMA concentration, molecular weight and HEMA
content in PDMA-co-PHEMA. The particle diameter decreased with increasing them. The reduction of the
particle diameter contributes to protect the aggregation of particles by adsorption of the graft polymeric
stabilizer. In conclusion, we found that PDMA-co-PHEMA concentration, molecular weight and HEMA content
in PDMA-co-PHEMA strongly depended on the particle diameter of monodisperse PDLLA microspheres.
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(V) filiit44 %, VAL (Dex rich f) OFEHRED
CVIi166%Tihole, —DLIIZ, =420 )T 7%
— &35 T L Ty a VB LUK OREE
BOBSRIHEW/ W/ O3 2B5I L
[l 525 | By ¥

using an agitator. (A) 22.5 wt% PEO, 7.5 wt% Dex. (B)
7.5 wt% PEO, 22.5 wt% Dex.

Fig. 2 Optical microscopic images of multiple emulsion
prepared by a microreacter. 7.5 wt% PEO, 10 wt% Dex.

1) Albert T. Poortinga, Langmuir, 24, 1644-1647 (2008)
*TEL&FAX:086-251-8908

e-mail:tono@cc.okayama-u.ac.jp



N ETRERC B R R T 4 V) RS S RITF ORISR

(BLABER) O (F) Wm - (%) o - (B M B Oty I k| 2

1L HE o) Eaies G 2 FIE LR
Rt o O{EERO—/THD. L Lidis, #

T 4 V) AEONBEOZE [ TETKEEDE Iz,

MR~ ED IR RS 2o TV A, F 2T,
Z OBUKIEO#Y SR ZREICAE TE, &lom
PR & M~ O SRR O F T v Y x Y
TOMBBEELEZNTVWS,

% I TAIE T, o2 U ALk (PLA)
LAEKES A OB =F LA RS A K (PEO)
Oy 7ay 7 EESE (PLE) HoMEh 5T /K
Fiz#FB L7, PLEIZPEO & A hOIERIZLY,
K5 v 7%+ U 7 OmPHratEon LA s,
7=, 100 nm BEOKEXFHTo7 /T lilld5
= LT, EPR #hE7: M & 0 AR~ R e
T3, ARATIE, BEEBEICIDFLT 1Y -
Pt PLE -+ / R0k & SR & 5 — s
FORBRITHWTEETS,

PR

21)PLE ®&EX PLE O&RIZ. FiEIC A bR
@\ L7= PEO (MeO-PEO) ZBisAlE+5.D,L-77
F FOBRBRESIZL - TiTo7=. & L7-PLE Ok
Fh5 T (M) &aFRGA (M/M,) &7 Vg%
saw b7 7 4—ICEVREL. £72, MeO-PEO
L& LT PLE O M, 2H\VWTHEA - B35 -2
(HLB) #Z%5itH L7= (Table 1),

22) #7770 Vs PLE /8 FOME PLEB
EHRNT 4 U AR ST R LA T,
PLE-A %6 S 7 K¥EilA AR L L, @FHRHEIC
Lhow=vira  aElLL, #on/-ow =
i a LR A R OBRARE FWTHRIR L, i
O F L2 AFAPICERITERER S LT, K
FPn U7=1), M LR e EL R T L Y
SRR A RIE L,

23) A7 4 U oNEE PLE T/ B F ORISR
AMLAEHENLT7 4V AH PLE T/ 8LF%
dansyl-L-methionine % 7aF X412 Y - BEERETHE 5L
A, oS n s T T RRVCTERN
L. g7 o= Y574 (TLC) ZAVHZLTH
N7 4 Y P PLE F /60— HRREROR
AR L=,

3. IBERRUER

Fig. 1 137 ¢ U w2 RE LTV PLE /6
F-OREE~IFT PLE-A EORBIZOVVTUTRT,
OFEEL V. PLE-A BEOHINZ{EV, H515 PLE

F /I RTOREEREIEFIE S Z LTz LI
<%V, PLE-A [3E@EF /L L AKRIOREEDZ T
ARTEEERIE LT TWAZ LERELTVA,
%7=. PLE-A JREEAS 5 wi%DBE, 75 nm FREEORERD T
/INEWPLE F/RI TR TE . 51T, A
ThoHFENT 4 Y AERWERSIZEVTH, RILHE
BT C 100 nm LLFOAFA7 4 Y > P$ PLE -/
HrFORMYATHETH - T

Fig. 2 |37 4 U B PLE + / RiF &S &
72 Y AR~ Y R RO 2T, Fig. 2
£V, FERHHTIL dansyl-L-methionine FI3ED AR & |
(S)) DIMRLENT- (Fig. 2a). —FH, KENH{EII—E
TEREE R AT dansyl-L-methionine sulfoxide Hi
OF =12 AR Y k (Sy) PRI (Fig. 2b), = OFEFR
e, BEEEREC I VAR LA T o Y RH
PLE 7/ RiFid+-o7asct 2 at = L A BN

27, Table | Characteristics of PLE
Sample M, MM, HLB
PLE-A 5,234 1.07 1663
PLE-B 32872 1.32 265

MeO-PEO M. = 4,352

Particle diameter [nm)

o 1 2 3 4 5
PLE-A concentration [wi%)]

Fig. 1 Effect of PLE-A concentration on the particle diameter of PLE

nanoparticles without porphyrin.

5,
5;

Fig. 2 Photographs of TLC plate under UV light:
(a) before irradiation, (b) after irradiation
[&530)
[1] A. Vila et al., J. Controlled Release, 98, 231-244 (2004)
*TEL/FAX: 086-251-8908
E-mail: tono(@cc.okayama-u.ac.jp
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KiE—HBEFF AL WW/0 IT)LL 3O
(BXpem) O%)KE, @EARL) #RHER (AXRR) INF %

[fEE]

HAoToN a3 R% - LEES RERYOKRL RSB TREAIFESINTEY
water-in-oil-in-water (W/O/W) T </ a = oil-in-water-in-oil (O/W/0) =</ 2 1Y)
%, E-HEELEITFERELRE LEREAVWSZ LT OO/W =7/ a R W/W/O
TwAvavinarBareryarR, EEFORYAVEHARTFRMNIRESN
TWB[L,2). BEFIL LTIZOOW =2 a rERAVERINE S IBE2BAKEES
FEEA B WW/0 =<0y s VB L TOREHITIZIERV, £ 2 TEAFRZETIL,
—HEOEHELRBEAKERS FRREBRETAZ LI > TRALNSKEZBROMAE
ENL, MPICHRERDIZLEICL->T WWO =24y s BN L, ROESBIER
AAEOELOHIHEZRA O TRET 5,

[E£%]

) #EREZBAVENE T s SN
FUxTF L4 F (PEO) (Mw4,000) KiEHEET* A F7 2~ (Dex) (Mw 40,000)

KB RES LAM _HRA2MW L=, #OPE, PEOrich f8 £ §f27 % 72 ¥ I Reactive Blue
180 (RB180) %ML 7=, &€ T4 HF— (12,000 rpm, 1 min) # FVTAEEZHREHRE
F+AECLTW/ Weharye#MMLE, Oy a Vll#EE IWMBD I NVES
£ )AL x—h (Span80) *EMEEI~FHFH (HD) BEPITHFL. 7422772
— e EREER (400rpm, Smin) ZAVTHRIETH LT, HET oAV v ERL B
LbhiBaTw /Ay a VIR EBRMETRELL,
2 w4 Y 7rE—kAVWEEATv N3 VAR

/ARH & LT PEOKEHK L

Dex AEEDBAERE. M = 0

8 & LT 3 wt%¢ Span80 # (Oil phase)

FEfR S 47~ HD il A A  Microchamnel chip " il ]
7=, VYU TUhbERSN v

TAAEE Y FREROYA  Oul 8 N ——
20 Ty B — Tt AN VWO mulsion Inet | = ’
BoLittD . HAT VN v

varz/d (Fig. ). < Fig. 1 Schematic illustration of experimental equipment.

A 7 ORBREMRITH T AN

T, 1 wt% Octadecyltrimethoxysilane ¥ TREHA(LABELRE L - bOE AV, 25,
AABFCHEIZ 5 ul / min, BABFE L 50 pl /min & L7=, Outlet {ZHLY i+ 7=5F = —7 (108 mm)
sA 0s & L. BONERAT VALY 3 Y ORBIBEDERE(LZ XFEMSITHRELL.
BN TFEREZEEL, AE-HOZThFhOBMEEETDIZ L THEgxvNa s
DI KEOELOREZITo 7,

[RLER]
1) #EREFCEEEScv Vs VBN
Fig. 2 LA ZHRO WW T2y s v L XOAME_BREBAICIRIES - LICS
Preparation of W / W/ O emulsion using aqueous two phase system, M. Yasukawa, E. Kamio
and T. Ono*, Graduate School of Environmental Science, Okayama University
*TEL/FAX: 086-251-8908, E-mail: tono@cc.okayama-u.ac.jp
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STHBLN WWO=Z/vay (BEx</ia
V) ONFEMSEER AT, PEO rich #8{3 RB180
icrvduvger2+3s, 225 wi% PEO, 7.5 wi%
Dex D&GTHRM 7= WW v/ a »» TIAPEO
rich @ EFEBIC2 5 DIZ* L, 7.5 wt% PEO, 7
22.5wt% Dex D34 TlE PEO rich fES 5 #UEIZ72 5 Fresaagh
T Edbhot,

Fhizcx LT, Rgkoms FHEBRTHRMLE
W/W/O == /b3 3 2 TlL, PEO rich #43 & {Z Dex rich
HONMUEZES ZLkbhot, EEWEATD g
W/W RITREIZAE L, #ERE LTHEBEOHES =Y  Fig 2 Optical micrographs of W/W
Nia CBTERLE Tz, PEO rich AHASH /Ml 2 T emul-;il;n (a, b) and of_:n:llti:::a e:l;llszl;n;
5B L LCIEPEO 2BV REEM2ZA LTS (@) ) using an agitatori(a, 2) 22.
. REEINF— BRI BEDELELD  Phoatamaete )T
n5[3,4).
N vAp YV Fri—BVEHEAT A a AR

Fig. 3 ICvA 270725 —%2BOTRELE WW/O0 =</ a3 OXFERMETH
AR, BonEETvAY 2 yOTEHEHREIT 964 pm TEBRE (CV) 1344 %,
PMAIE (Dexrich #) O THEHEIL66.9um, CVIZ6.6%Tho7, ZDLIHIZ, ¥4 7
n) Ty A—EBWS L TTeLY s VEELIURAAKEOREROES AL WW/O0 <
2 A a v EEAZ LI LT, AKEOKRELESBICR 2720, WW =< /LYy
A VEMNEOESFREAZ CEATTELTAZLICXY, AT HMORERACEE
ENhaLl o,
W/W 2L B—iz (a) 2405 (b} 330s (c) 900s "W

WL EE P L 5 Oq A
i THD, A‘\—’/v AN \';\
IN

Fig. 4 |24 KIEDOEHD \{ﬂ) e
H#P AR T~ WW/O0 == —~ 100 um 100 um 100 um
Nva yORFEMBEE g 3 Optical micrographs of multiple emulsion at (2)240, (b)330
HErT, KMEZHERITY and (c)900s prepared by a microreacter. 7.7 wt% PEO, 9.7 wt% Dex
4 T4 IiTid>T-#MARIC
SEEL, E-EhFhoOE
MEFPA 714 DRSS
DOIEFT 57-%, Fig. 3
THEMINL-EoER
W/W/O ==/ a Tl A -
B WW ROES ? =¥ 25w -
FiEELZ, #4742 ET  Fig 4 Optical micrographs of multiple emulsion which controlled

RAZ LT WW ROEH middle phase thickness:(a) 6.6 wt% PEO, 12.1 wt% Dex, (b) 7.7 wt%
,5: @ E Lr T__ ﬁ% C‘: LT PEO, 9.7 wt% Dex, (¢) 9.0 wt% PEO, 7.0 wt% Dex

Ho#iEz#ERLLLZE
HAHOEARDHBERFHETH D Z L BATRE NI

(&% 0]
[1] T. H. Lee, J. Wang, C. Wang, J. Control. Release, 83, 437 (2002) [2] K. J. Pekarek, J. S. Jacob,
E. Mathiowitz, Nature, 367, 258 (1994)  [3] S. Y. Hobbs, et al. POLYMER, 29, 1598 (1988) [4]
M. W. Kim, Colloids and Surfaces, 128, 145 (1997)
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HmEME TEMPO BRGFZFALI-FYH—RES

(MLAPERE) OXMET, ARBHE, ¥ %=

[1. #E)

HESRI=xe L a  EALREOFY—FRES (1. 2] TLVBLAIEY TR
BFE, TORTEHTFEEZ S 7 FT5 2 L THEMNEWLENHEOHENATET
D, TOFEODLESDLLT, RARK= P XL FHEXEEDOVLELS2THD
2,2,6,6-Tetramethylpiperidine-N-Oxyl (TEMPO) %A 7 2K T % Mildie, RmEM+ 50
Zxz b5, BFEREIC TEMPO 2 HFESE ST, MBI IR TEMPO 25HAKR
FIRE L, FECTESVETTALERDSE, 29524 T, HFREOCEREEIC
TEMPO #5842 L WHBEFED 2 AT vy 7OFEILH~A 1| AT v 7 TOWMMHSTRED
75,

EHFETIE, FY—RESLYEN L L-REEEEEZE TS TEMPO BEEOSH & M
ARETORET P HNEE VAT LAOME, BONESFHEFREORIELE B
4+, ARRTIT. REEEELXE TS TEMPO HEEDOARLEENL ETY—RESITE
ALEERIZ2VWTHET S,

[2. =E&)

2.1 TEMPO D ER (Scheme 1

{£&% 1 % DCC (N.N-Dicyclohexylcarbodiimide) - DMAP (N, N-Dimethylaminopyridine)
F7E . 4-Amino-TEMPO & RIS &€ T 2 28m L7 [3). /KEHE TEMPO BH¥E{E 3 (3,
k2% 2 % NaSOs ERIESHHZ LIZX VAR LT [4). W T{LE® 3 IZ AIBN %
RIEEETTAaFLT IV 4 28K LT,

H
Br‘h;n’c’”_“.. W%HQL b mu,s‘ﬁ;g‘ NQL & u.oas‘(”};gf H\q
o] ‘o ‘o o CN
1 2 ' 3 : 4 W

Scheme 1. Synthesis of interface-active TEMPO derivatives (n = 5, 10, 15) [a) 4-Amino-TEMPO, DCC, DMAP,
CHCls, rt., 18 h: 2a (n = 5: 84 %), 2b (n = 10: 79 %), 2c (n = 15: 78 %); b) Na,SO;, EtOH/H;0 = 3/1, reflux, 24 h: 3a
(n=5: 85 %), 3b (n = 10: 60 %), 3¢ (n = 15: 49 %); ¢) AIBN, EtOH, 80 °C, 6h: 4a (n = 5: 89 %), 4b (n = 10, 90 %), 4¢
(n=15: 87 %)]

22 REHRNME
SR L7=KkEM TEMPO Btk 3 nEMREOKBEEREZAWVT, M HTHR
HENE~SVF PRy ZEICIVERTHELL. TORKRLY, BRI ELVRE
(CMC) Z®E L, REiEtEREZFFE L,
23 ABH—REES
BLEVAEEELRLE 3¢ OTAIF LTIV de ZAVTRE—RESZT.
0.02 W% 4¢ KEE 8.0 g) RV Sw% ~FH 7 U EHATF L EH (240 mg) TiHE
Heterogeneous Polymerization using Interface-Active TEMPO Derivatives, K. Oura, J.
Kubota, and T. Ono*, Gradiate School of Environmental Science, Okayama University
*TEL/FAX: 086-251-8908, E-mail:tono@cc.okayama-u.ac.jp
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RIGBIcAR L. HESFTA¥— (10,000 pm, 1.5 min) 2LV OW =</ a3 2 iR
L7, —ht% 04MPa ZEEZMEET 125°C T 24 BMELSZ21To72. EERTHRIEK
ERAKBSEDL LIV ESEZEIESE, AMLAETFOSITL, B8ERELESR
AP —2 44 F—HREIC L W RR - ESH L, SEM BREICLVHFERE, €—F
EHICI VBN IN R FREOY— 2B ERAIE L.
[3. BRLER)
31 AERHBE

Fig. 1 LV, SR L2 ToOKEYE TEMPO H¥E
X REEEELF L, BKEBOEMCEO R EEEI
K BaTWAZ EARBENT. 3a IToWVWTIL, §H
BlE LT CMC #BBTH L3 TERho
A4, 3b KU 3¢ IT2WTiX CMC [3b (0.92 wt%), 3c
(0.024 wt%)] ZRER L7=. #IT 3¢ TiX, REHRT =

ra e
. =]

1
=

Interfacial tension [mN/m|
=) o
ot

w

0ol 0.1 1 10

AUEREEERTHIL FFUNMBEST I UL Concentration [w1%)|

(SDS) £ Y GEVRERA L CMC (0.024 Wi%) ETRL i 1 [Hteriacial tonsion meaining

foZ b, SDS LY LRVAEEHEEEF TS TEMPO deriyatives
TEMPO BEMiEE AR TE 7=, ~ 4
32 AH—FREE

Fig.2 XV, BEFREIZESI L TS Z LR S
7, LML, AMNSKhARFIIHE im O/MIFRE 3£,
H um OFRMTFOREYCTHECLIIUTHoT. B o)
& om O/MRIFICOWTIE, HEROIMCES THANRS €4 T o
NARTFOREESTHEEDIIILANKERSHD\  Fg 2. SEM ;,,,,;;'f,,o,,m,,
AT R R OR T Th D L EZ LD, # pm ¢p  particles [de (1.6 mg), water (8.0 g),

- = styrene (228 mg), hexadecane (12 mg);

KBTI HONTIE, BEARTOBEBOKE SITHVoHIT  temperature (125 °C); pressure (0.4
BT CEAMET L. NSRRI T Y e O e
HhHLEZLND, YLD L bAEROBTHHMME  min. before polymerization]
PEBETLHL, BEANMORITIE 4c LIV KEERSNZEERY de [CEVRENLI
AL AKEPIERL TS 4 BEELTVWS, BEAFICE. BEREO 4c ZTOH
TEAHLET LR BRI FEHRT 5, 2 EARHEPO 4¢ ITITKPHEBIZLY T
) =S SN EANERT LEBEERSEZ 5, BFORREEY 2 MEFET IO,
BAcAB I h RISl 25, FRRTFRECY—FBMUZNELLL IS,
272 mV EWVWHRBERERLE, ThEFERROFRH—RESICAVWTV S REEE
TEMPO Bk dc ODANLK VEEICHETIABH CHS. BTREE—FBIAOBR
L0, MAREICHRE L REEE TEMPO HMENSEEREFTLTWA I EPTRS
h. BFEEICRAEESE TEMPO BEANEELISN TWA I LBHLMERST,

(8% #k)
[1] Marestin, C., et al. Macromolecules 1998, 31, 4041.
[2] Zetterlund, P. B., et al. Macromol. Rapid Commun. 2005, 26, 955.
[3] Kubota, J., et al. Tetrahedron Lett. 2005, 46, 8975.
[4] Mitsudo, K. et al. Tetrahedron Lett. 2007, 48, 8994.
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AEMRS FIC L AHSMERF LA Ly s Y OEK
(ELREER) OC%) B BE, (F) /N 5+, (E) AH #& #®FAKRI) (IE) MR Kig

L HE
FE, HEO water-in-oil-in-water( W/O/W) =<
wira vy X HieME =~/ 3 (double
emulsion) DM BNEE #MOHTVA[1], ZhiZ
#LT. EHELTIR, —MEOWT FKRERK
BRETAHLICEST WW xwiAira %k
ML, WioHaPItamEEsZLICEaT
WW/0o Boflidzvrira »ORBITRZI L.
AERMTIR, v( 270l T7os 58—y
72 WW/I0 ==/Lisa cOMME, WATK
B oMRIC L 24 KEELOHEIZ OV TH
&E15,
2. KW
2.1, WA TFAEBERARNTRECSZIES
H U T F L FF L F(PEO) Mw:4,000) 4 7 i
LFH 2 b7 (Dex)(Mw:40,000)KFEEZRE L.
' A F—(12,000 pm, | min)% AV THEE
FTEILET WW ZwAa o EERNLE £
OB, PEO rich #Z &1 572 % Reactive
BluelB0(RBIBO)® HEM L7~ oz WW ==
Nira Bl YAVWEZYE I LE—F
(Span80) & FEAf & f= ~F 47 4 ./ (HD)EHEIZ
WFL., T4 A2 5— - HRERA400 pm, 5
min)* BT+ s L THE LY a ¥
A Bon-HeTv Y 3 SITRFRR
STHELE,
22. AWM O YUY BALE USRS O
748 & LT PEO /K& & Dex KB DOREE
#. ML LT Span80 % EAY S 7= HD &%
A, v rohbBimahkEi, Bk
fCnssE L Y FRERO-A 20T 2
—ATHEICI VAT A L THE=w NV
a B, ABAEMEIT 5 Wmin, M8
#1250 pUmin & L7z, @BenlEz LY
a3 YR RFERMRETRE L.,
3. BRBRUER
31, WETFABEERIABERE -5 EE
Fig. 1 IZ W/W =v/Nia b EO WW T+
AavEBEPIomEEs Ltk THL
- WW/I0 =w/bia v OXFHREER
7. PEO rich #1347A& L7 RB180 D1z, &
WHELETAH, WW =24y a Tkl
ZUESERIBICZ S OIZK L, WW/O0 =<
3 »TIEIC PEO rich MM S = L8
bhrolz, WWIO0 FTRAEZ=FAF—MIIE
ERTEHERZLA-HDEEEZLND, £,
BoLh-Eeszv LY a VITEBAKT WW
TeAariEBicd—L, BRELTHE

135

7 WWIOBfSTv LY s YIBENTE,
3.2, HABHEOMABIER VA KBRS OR
Fig. 2ic=A4 2y 727y —&AVWTERLLE
W/WI0 ==/ a - OREFERATNETT,
BohEBETeAY 2 VIO TERIEIL 97
um TEZEBHE(CV)IE 44 %, PI7KIB(Dex rich
)0 EHIWERESIL 67 um, CV 166 % Th-o1=,
TOEIR=TA 20 Y TII—FRAWHZ LT
xelva rBEBELIUAAKEOEEERON >
WW/I0 =wAar&/s LickshLiz, A
KEOEBELESEIZ o REE, WW =
Ay a CFANBOBSFREELTEHETE
<FHzlickn, ww HNoRmEHCEEE
X fpafoth, WW RN H—iIs
BLEETEMPEOMLEEDELEZLNS,
Fig. 3 ICAKMEOELOREET> 7= W/W/O
el s rORFRRBENERT, BT
RIS ETETAH 2 L TEHOME LR L
EEEAKEORELAHETELZILNTREN
<

L 100pm N, 100 um
Fig. 1 Optical micrographs of
W/W emulsion (a, b) and
W/W/0 emulsion (a', b*) using
an agitator:(a, o) 22.5 wi%
PEO, 7.5 wi% Dex, (b, b") 7.5
wi% PEO, 22.5 wt% Dex

ical

a microreactor:(a) 6.6 wt% PEO, 12.1
wt% Dex, (b) 7.7 wi% PEO, 9.7 w1% Dex, (c) 9.0
wt% PEO, 7.0 w1% Dex

prepared by

5| Ak
[1]A.S.Utada et al., Science 308, 537 (2005).
*Tel&Fax: 086-251-8908

e-mail: tono@cc.okavama-u.ac.ip



HAT 4 ) RES ) BT OME L KR FEER~OIH

(EILAPER) C (%) W@k -
(B APEESER) BERH

1 W

Fef N AR R LR A LB
L DL EERO—FETHD. LALRKG,
HA7 4 v EORMBH O  RBARELH
Wieoio, IR~ 0EENIEY ICEEL 2o
TWa, +#I T, ZOBRAEORVEEEALE
EICRETE, @V iR L S~ O
2B FS oy VS I TORBERLEL S
HhTwag,

EFETIL, ESRELELT Y FLEE (PLA)
LERBESREEEHEYRIZF L AL F
(PEO) @ ¥ 7 o v 7 #WMEHE (PLE) 4 LR
EnsF/HWFICHB L, PLERPEO £ 4
YhOERIZEY, FI o ZF 4 I TOLTHE
HombErtEshs, =72, 100 nm BEORE
*E+HT /T EAEANT S LT, EPRBRR

IZL ) IR FE~omVEREINETE D,
ARFTIE, ERERECILLITELT ) AAEH
+ /BT OB s ERRIC LD~ EEERRE
BHOWRE LW in vitro TORMABEOFEZ -
WTHEET S,

2.
2.1) PLE &5k
PLE O&RIZ, B A S EXHALL
PEO (MeO-PEQ) ZMits# L35, D.L-Z7FF
OMBESIZL > TiT-1. S8 L7= PLE O K&k
FHaFR (M) EHFRESH M/M,) 2T
BE s~ XS 7—lcEOBELE, £,
MeO-PEO & &REL7- PLE ® M, ZHWTHEHEK
A5 A (HLB) 8 L7z (Teblel).
22) B7 4 ) oRE S BTOME
o-PLE L N7 4 U 2 ERIET-EBF L
{aifE % #HE . w-PLE 278 S o KiEH ARk &
L. BEERMICLY OOW =</ s 2N
L=, Bohiz OW =</ii a3 VEEEERO
&ﬁx&mwTﬁﬁL M OEiRE— F L A2k
TELSICEREES I ET EFEARLANL.
w&btﬁ%iﬁm‘lﬂtﬁﬂﬁ‘ii-i N EERE &
ME L,
2.3) RAZ 4 U RS BT OBEERE
B LEEALZ Y ABEF /I TR
Dansyl-L-methionine % /0 & 7= U BT IC
S A, ToSBHECKBRL, BF2 o~
bF 74— (TLC) EAVWBHBZETHEALT 4V
YNEF  RFrO—BEEBEEORRAEZHR
L.
2.4) in viro COEBMBEIEORE WKL
7 4 U wPEt+ B &2 3EM L Colon 26 (C26)
MRz deBBA L, MTT assay (2 & W MM EE
B4l L 7.
3.
Fig. 1 [#HA7 4 U 2R LTWRNDT /K
FORE~RIFT w-PLE BEOKBIZ VTR

(%) HPEk - (E) NBET - (E) ARER
FOHE— - MEE - ACH TR

+. CORRLY., w-PLE REOHMIZHE N, §

LT/ RFORBRERESETEEDI L
ITEEZh L=, 2=V, w-PLE IiEF8t=F /1 — KM
ORERHE T2 REEERA L L THCTY
74z b4oRMEL TV 5, £7-.w-PLE BEEAS 5 wi%
OB, 75 om BEOEH T/HEWTF /BTN
T&f, bz, RNBHTHOIELT Y ®
AWEESICEVTL, B LMREEFT T 100 nm
BTFo#A7 4V AT/ B OMMRFThE
Th-oT-.

Fig. 21387 4 ) T T BFE ol
7= EERETE~ORBHEROERL T, X
P8 AT 1% Dansyl-L-methionine FH ¥ 0 2 F » k
(S,) PHEEENT (Fig. 22). —F, XBHEI
— W H K # 0 4 %2 F T Dansyl-L-methionine
sulfoxide HEOF - AF v b (5) BB L
(Fig. 2b). ZOREEHNL, EREREICL Y MH
LEFEAz a0 ) vHE+ /RFiR+952—8SR
BMEIHHLTWS Z LFEHLMIR -,

Fnz 4V At T2 ST C26 fkEE
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Fig. 2 Photographs of TLC plate under UV light
(a) before irradi (b) after irradi
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