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THERMOSENSITIVE MICELLE FORMATION OF BLOCK COPOLYMERS
CONTAINING POLY[OLIGO(ETHYLENE GLYCOL) METHACRYLATE] SEGMENT
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A series of well-defined amphiphilic block copolymers composed of a water-soluble poly[oligo(ethylene

glycol) methacrylate] and a biodegradable poly(e-caprolactone) were precisely synthesized by a living anionic

polymerization of oligo(ethylene glycol) methacrylate followed by a ring opening polymerization of -
caprolactone. Dynamic light scattering and fluorescent spectra of the resulting amphiphilic block polymers with
different segment ratios were investigated in water to elucidate the micelle formation behavior and the
encapsulation capacity of such polymer micelles with use of model compound. Moreover, the dependence of
micelle formation and disintegration on the solution temperature was also discussed.
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BAKMEEZ AV N EBUKMEEZ A N EFRFICET S
L 7 v o 7 JEEAEIX, KT CEBUKYEHEA/EM
Lo TaEaFIeralls 5, KEMRY ~—of
THRITERMES S 1, TIREESISEMIEE (LCST) &
FEIARIRAR T30k S AUKIZ AT, sl CiiiRFn
NKICREE LT D AIHRMRIER 2 R 23 2 L83 bn T
WD, KEMEE 7 A MRS T2 HWTE ST
REBAEEETHI LT, BEIZE U T AR
LRI BAORBIEIREND, ZHLEHWDZ L
T, EaFIEMCERENG L, BEEE T 5 By
ZEPHORANCE Y AT EATTH 5 | Drug Delivery
System (DDS) ~DSANHFE SN 5,

AW CIE, BIEME 7 A & LT LCST % 26T fF
ITIZFE> Poly[di(ethyleneglycol) methacrylate] (PME2MA),
BEO 52T fHiicFF> Poly[tri(ethyleneglycol) methacry
late] (PME3MA), Bi7ktEE 7 A v MIEN T AERE A
% 5> Polycaprolactone (PCL) W5 Z L& E %, ik
7 A ORI, RO D W T Ty
&K (PMEXMA-PCL (x=2,3)) AT 5, 612, 15
LITZR Y v —DKF T T D I BL~DEYE A
BILOI VDK E BEDR BRI DWW TRETS
D,

2. =B
(1) RY<T—&RK

BZ2 R, THF 1, -78 “CC sec-BuLi/DPE(OTBS)/ LiCl
FEBEHI L T5 MEXMAD Y 2 77 =4 L BEEZAT
" PMEXMA (OTBS) %4372, i, PMEXMA(OTBS)%
THF A1, CH3COOH #:47 T, Tetrabutyl ammonium fluoride
(TBAF) T3 % = & ©PMEXMA(OH) #1537, &5
12, N2 RS T, PMXEMA(OH) %~ 7 e BltRAI & 35 -
CL DBABR &4 % Diphenyl phosphate (DPP) 1F{E T, EiE
T24h, D5V, Sn(Oct)2 FF1E N, 110°C T2h479H &
& C PMEXMA-PCL #757-,
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3. BREEE
(1) MBEEETAY I HEEGRDER

WFRORY = —5 IHNMR » 53R 72 FIy 75 &
WA TFEP LS —EL, G TFESMPENZ LD K
BEERICHEEY Lz (Table 1),

Table 1. Characterization of block copolymers

M,x10° [Total (PMEXMA-PCL) ]

Polymer My /M2
Calc. GPC NMR
PME2MA-PCL 01 17.1(111-60) 14.1(10.0-41) 151(112-39)  1.04
PME2MA-PCL_02 17.1(11.1-6.0) 20.8(10.0-10.8) 22.0(12.3-9.7) 1.05
PME2MA-PCL_03 17.0 (15.0-2.0) 16.5 (15.0-1.5) 17.8 (16.7-1.1) 1.05
PME2MA-PCL_04 19.0 (15.0-4.0) 23.0 (15.0-8.0) 21.4 (15.4-6.0) 1.02
PME3MA-PCL_01 21.8(18.8-3.0) 19.4(16.6-2.8) 19.9 (17.4-2.5) 1.19
PME3MA-PCL_02 27.6 (18.8-8.8) 23.9 (16.9-7.0) 26.5(18.9-7.6) 1.18

a) Determined by GPC.

(2) LGST IE

SR % 0.5°C/min IZF%E L. R Y ~—/KEKR (2.0
g/ mL) ® UV-Vis JIIEEZ1T\, wHE (500 nm) D
RN B0%IZ /R -7 & EDIBHEE LCST & L= (Fig. 1),

%R ) ~—dD LCST iX.PME2MA-PCL T21T~23C,
PME3MA-PCL T42C~44C ThH V., T 5HTRY
~—"T&% PME2MA (26 C), PME3MA (52C) (T~
WIREZRLT-, 23X, PCLEZ A FOEANIZLDY
BUKMMRBEERRNEED . @a FHNEE LT
7-7-ThD,

—— PME2MA-PCL 03
(16700-1100)

= =PME2MA-PCL_04
(15400-6000)

= PME3MA-PCL_01
(17400-2500)
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Fig.1. LCST of PMXMA-PCL.

(3) BAFEIELOHERE 0 °C ~ 50 °C)

PME3MA-PCL 20 mg % THF 20 mL |[Z%f# L. 10 mL &
FERUKERM T Lz, THF ZERET 52 L THRY w—
KEHE (20mg/ mL) #FHR L7, DLS JIE (Ar L—H
— 488 nm, Cumulant 1) (C LV | SEERIFEERE KD 7=
(Table 2),

PME3MA-PCL_01 (17400-2500). PME3MA-PCL_02 (18
900-7600) & H1Z 0C~40C TH L% 100 nm OE N ¥ 2
BV EEAL L, DDS # e LCitl L 7=k (10 ~ 200 nm)
Thb, —J. 50C T PME3MA- PCL_01 (17400-2500)
DORIEEIE 33.0 nm 2D LIz, EBLICPCLESZ AV b
STFENPKE VY PME3MA-PCL _02 (18900-7600) ik
1% 50C T 476.7 nm IZHIN L7=, Zhi% LCST LI EDiR
ETH D7 PMEIMA BBIAKFNZ LY Rkl Ik
IVDSHREE L KIZ AR R BRI B E R A TR LT 2 & 2o

LTWa,
Table 2. Charactarization of PME3MA-PCL micelles

Average diameter of micelles [nm]

Polymer
0[°C] 10[°C] 20[°C] 30[°C] 40[°C] 50[°C]

PME3MA-PCL_01
(17400-2500)
PME3MA-PCL_02
(18900-7600)

1075 101.2 94.9 93.9 92.5 33.0

111.0 120.5 140.2 105.4 86.1 476.7

(4) ETNELEYMERW-EDHARR

PME3MA-PCL 20mg. 7 /L{LA% 5mg % DMSO 10
MLZIEME S W72, WE S TORWET EEWEFR<
7o, FEROKH T 24 h BT LR 41T > 7= (Table 3),

Rhodamine B @ ¥ A %% PME3MA-PCL_01 (17400-
2500) T 1.6%, PME3MA-PCL_02 (18900-7600) T 1.9%
&L HTEWEER L, ST, 27 Th D EUKIED
PCL & #l/k#: Rhodamine B & OFIEIEA MKW 20 &
HEE L TW5, lbupurofen O 4., PME3MA-PCL_01
(17400-2500). PME3MA-PCL_02 (18900-7600) > 9°41 %
FANRSLNZ2 o7, T Ibupurofen OB
WEVESTIBARRLET, BELILIZOEHEL
T\ %, Fluorescein ™ AZ % PME3MA-PCL_01 (17400-
2500) T 3.6%7c D IiZxt LT, PME3MA-PCL_02 (18900-
7600) 1X8.9% <&, mWMEZ R L7z, Z4Uid Fluorescein &
FWPCLE 7 A > hEIZHRWBKMEA BAE R 23M@ o 7272
bLEZXLND,

4. 5

VBT =F vES LHERESEHW TR S
A2 M D PMEXMA-PCL DR A RRICESY LT, 72,
IENOFRKREREEZRELELL o Tary br— L TE
HIZEEWR L, E5I2, BT MbEME AW EST
I EAASOEARBRICEKE) L, DDS ~O RIAEMEDS L H <
iz,

Table 3. Encapsulation test of the model compounds

Polymer Model st 2nd 3rd Average

compounds [mg] [%] [mg] [%] [mg] [%] [mg] [%]

PME3MA-PCL_01 Rhodamine B 0.58 2.9 0.20 1.0 0.17 0.80 0.32 1.6
(17400-2500) Ibupurofen ~0 ~0 ~0 ~0 ~0 ~0 ~0 ~0
Fluorescein 0.76 3.8 0.88 4.4 0.49 2.5 0.71 3.6

PME3MA-PCL_02 Rhodamine B 0.25 1.2 0.16 0.80 0.75 3.8 0.39 1.9
(18900-7600) Ibupurofen 0.096 0.48 0.34 17 0.14 0.70 0.19 0.96
Fluorescein 2.2 11 2.0 9.8 1.2 5.9 1.8 8.9




