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ABSTRACT : The sol to gel transition of aqueous solution of block copolymers consisting of methoxy poly
(ethylere glycol) (MPEG) and biodegradable polyesters such as &caprolactone and L-lactide was investigated as
a function of temperature. MPEG-PCL was prepared by ring opening polymerization of &caprolactone in the
presence of HClI + Et;O as monomer activator at room temperature. Also, MPEG-PLLA was prepared by ring
opening polymerization of L-lactide in the presence of stannous octoate at 115 “C. The properties of block copolymers
were investigated by 'H-NMR, IR, and GPC as well as the observation of thermosensitive phase transition in
aqueous solution. As the hydrophobic block length increased, the sol to gel transition temperature increased and
curve of that steepen to lower concentration. To confirm the gel formation at body temperature, we observed the
formation of gel in the mice body after injection of 20 wt% aqueous solution of each block copolymer. After
surging, we investigated the gelation in mice. The results obtained in this study confirmed the feasibility as
biomaterials of injectable implantation for controlled release of drug and protein delivery.
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zo] g &4 Aol AEES &5 ¥AF ¥ 3}
A pxo] W3lE £t A, ol# g Aol
AES AR B2 9371 AE MPEG-PLLA &5
R} winsldr, & A £ FFEAE F
FABI AA) 25 FZelA A P42 FRlshaint

2. A%

Aok B A=, ANAAZEA MPEG (Aldrich, Milwakee,
WI, USA)E BFEAF 2,000 g/moleS ARS8 -
EEA| 24, CL (Aldrich, Milwakee, WL, USA)& Z3}0]
o] = (CaH,, Aldrich, Milwakee, WI, USA)&}ellA] 744t
AA st AL£3LH T} LA (Boehringer Ingelheim Pharma
GmbH & Co., KG, France)= cll2olAlE|o]E (Merck,
Germany)ollA 23} ARAASIS 2T ZAxste] ARR-314
o}, CLe ZH3Ev|2 A HCl - E,O (Aldrich, Milwakee,
WI, USA)= AAZA glo] A3, LAS] S35=
2] stannous octoate (Sn(Oct),, Wako Pure Chemical Industries,
Ltd, Japan): 24417 E<F 7A9s ¥ 01 ME $E2
AAD EFNo = 343t AME-3FGTh. MPEG-PCLY
Hksgr A A8 wj"lElE R 2te] = (CHCL, Jin Chem.
Pharm. Co. Ltd,, Korea)= &2 2 8 ZgFE o)t (CaCl,
Aldrich, St. Louis, MO, USA)$} CaH,oll4] AA&7]5F 3ol
A AAsLE T MPEG-PLLAS] HH3-4-7ld] A= &5
ofl (toluene, Fisher Scientific Korea Ltd., Korea)> 4 A
Z}A| (molecular sieve, Junsei chemical Co., Ltd., Japan)©ll 5.3+
ek v F ko] AL A5t Ak (hexane,
Junsei chemical Co., Ltd., Japan)@} |2 |E| = (ethyl ether,
Jin Chem. Pharm. Co. Ltd., Korea)x HPLC 5+4& AF&3}
Al BxEg) 2R EE Eelshr] 93 GPC 42
ojFAte 2 FREIFE (CHCL, Fisher Scientific Korea
Ltd., KoreayS AM-3l93, EFAREA EE] A€ (Sho-
wa Denko, Japan)2 AHE-3}i ).

MPEG-PCL9 4. EA8F 3,700 g/moles] 353
AT WA skl et e HAE s
HAA}Q) MPEG 2 g (1 mmol) ¥ %<l 80 mL-& 2 71
%3 100 mL two-neck T+ ZTAFo] Y ol A%
E 9 (Dean Stark trap)> AR5} SAIZF 52 130 Coll
A B0 25HE AR TF F ERIE 25 AA
313 MPEGE A2 (25 0)e= Y7A17 3 v]g] FA=
CL 17 g (149 mmol)Z FAZ|E o] &3l ¥ F 1t
SgujzA B8 FAE MC 30 mL& ¥ o 5%
Fu|2A4 HCL - EbOE 2 mL 48t 2447 52t A2
N THIAA Fvk RE AL ve&E As 8o
A At vkg- Fompkg DAL AAAE A)A
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%3 100 mL two-neck ¥+ Z@fAFe ¥ 9 A=
B3NS ARRSte SAIZE E9F 130 CTolA 30 S/-F
HAIBeE F/ F 30 mLe] 79L& @] Y|
= 25 AASITE AAE LA 1.7 g (11.8 mmol) S g2
% Zu)1Q] 0.1 M Sn(Oct), 2 mLE 9-& o}& 115 CollA]
15417k 59 ikAIA F9ick 1k £ Al 320 mLe} ol
Hofle|2 80 mL2] &ufel] HAAIZ] F Bojzl wFEA}
¥ 7kt shellA] AxAIZ ok MPEG-PLLAS] F§4]&
Figure 1(b)el] Yelfiict
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Figure 1. Polymerization scheme of (a) MPEG-PCL and (b)
MPEG-PLLA.
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detector, Japan)= E35}o] o]EAlo R ERZXES o8
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9] tetramethyl silane (TMS)E- ¥3Hg}+ CDCl; (Merck, Germany)
2 g2 5} 'H-NMR (Bruker 300, 500 MHz, USA)S
3l Bk S wiAbe] sl waE el
3171 $13ld IR spectra (Magna-IR™, Spectrometer 550
Nicolet, WI, USA)S- AH2-3} gt}

$-4 Ao] & £3. MPEG-PCLY} MPEG-PLLA®] &
ol wpE Aol dAE BB $18te] 4 mL vleld
N Z}7) & E=F (10~60 wi)S 2 B2 7331E
80 CollAl b S3AZt o] F 4 TollA 15417 52
B3 & gz 10 THE 158% 25 TH F7}
AZIHA o] oA 1027 W] 3 18 53 vle]
g 7oA 1 PAke W3} &, vlo|de] TRAL B
2 H3lE BEsle &4 Aol £xF AAsYL

Ay Wzt Ak £ FEEAS A0 £
H3l 9 3lehA Fx Hile] e &4 Aol x99
e 295 H3lE F8le] #Islr] fiske] UA A
2% (CGT, critical gel temperature)] <4~of o3l &
ke A w2 E TAStY 1 787 ERE A Ao
Yz, ek, ERE] H3lE 4 (1)~@)y o83l A
Akslgict.

AG,, =RT(InC) (1)
4(InC)
AH =R ] @)
(?)
AH - AG,,
Ay, = _% 3)

A71M AG : A oA, AH ¢ 12T, A5 JEEI| R :
ANAGE, T AURE, W €30 TolAe zEate] &
=5 vt

TE AR AARE F2AY &4 HolE Rl
At 37 CollA A& FAshe =5 APt 45 C
olx g4 LA F U3E FAVIE ARl 1 mL
] Fe] oA7FZel| FAGITE 2447 F AR E
At A FA4E skl

.24 2 EE

5 IEUAY Y. L= 24 EARA 74

<5 454 TEEAS ¥ 213



214 Seoetal

Table 1. Synthesis of MPEG-PCL and MPEG-PLLA
Diblock Copolymers

No. MV 7, ey YO A7, b B B¢

[MPEG)
MPEGPCL C-I 73 2000950 93 2000930 120
C2 97 20001100 99" 20001060 127
C-3 129 20001470 96" 20001700 120
MPEGPLLA L-I 59 2000850 937 2000810 124
L2 80 20001120 97 20001050 LIS
L3 121 20001750 952 2000-1720 121

MPEG : M. /X/I—,, “=1.17. “"n-hexane insoluble part, a2 n-hexane/ethyl
ether (4:1) insoluble part. ® Determined by 'H NMR.
€ Measured by GPC (based on standard polystyrene).
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Figure 2. GPC profiles of MPEG-PCL block copolymers.

o]y ALAE &vlskr] #8te] A9 MPEGS &
/4] PCLF} PLLAR. 74" &5 35TAE 43
gtk MPEG (M.= 2,000 g/mole)S TE-A} NAAZ 3}
o gefgt 249 £5 F5HAE Table 13 2] A3k
e o]83le] 93~99%] AFA &R PG
B 1.15~1279 wll$- F 29} o}EF A A
o] FARE EAFE #3254 GPC (Figure 2)t 'H-
NMR 52 53l #&2lst3ity. MPEG-PCL §42] -5
= Ak EE AREEle] AlelA] T8I W, MPEG-
PLLAS Sn(Oct),E A3} 115 T 22X TS
Arsle] A FAFE 4L 5 A9ick FojA
2= 'H-NMR £4& 53] PCLZ PLLAS] £A
2Z BAAE F A (Figure 3). | 2AZHE
£ 187 MPEGE 7IAAIE ARgste] degAle] st
FHo= FAE AL FIY 5 dvh =3 Figure 4
oA 1733 cm™ oA} PCLZ 1759 emol|A] PLLAS] 7]2.
d EA 932E IR spectras 3 &l3lgict

5 LA - 25 A, Aqe} g T
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Figure 3. '"H-NMR spectra of () MPEG-PCL and (b) MPEG-
PLLA.
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Figure 4. IR spectra of block copolymers (a) MPEG, (b)
MPEG-PCL, and (c) MPEG-PLLA.
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Figure 5. Sol to gel transition curves of (a) MPEG-PCL and (b)
MPEG-PLLA block copolymers in aqueous solution.
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Figure 6. Plot of reciprocal CGT vs concentration of sol to gel
transition of MPEG-PCL (C-1~C-3) and MPEG-PLLA(L-1~L-3)
block copolymers in aqueous solution.

Table 2. Calculation of Gibbs Free Energy (AG), en-
thalpy (4H), and Entropy (45) of MPEG-PCL and
MPEG-PLLA Block Copolymers in Aqueous Solution

MPEG-PCL MPEG-PLLA
C-1 C2 C3 L-1 L-2 L-3
4G (K/moly* 33 4.3 4.8 -16 43 4.7
AH (kJ/mol)  58.6 537 46.0 14.5 19.0 9.7
AS Ymol k) 204 191 167 53 77 4

“ Calculation based on 30 C

e e 2RAS FAst FAAP AYA o
AR ke AQARA st 2z B2 &4 A
| 545 ARG &5 334K MPEGE 7MAIAIZ
AHgste] dgAle) ARTE Sote] L BAkES ©]
3 3 449 A €€ 471 333 MPEG-
PCLS) 339) A4 71E9) d7ele S550E AH8st
o g THE Ao, £ A7elMs MPEG-
PCL &5 2¥AE T3] A3 A2 Tdies
HCL- EnOF A FASAR ARgste] ALoM &
e A, S8 AR A oF glol 2 A
Ao e Fote] Woke TR L =S £
gk = weate) &4 A

(<3

=
25 oA AAHelE dor|E FE9 £EE = 1;13__
A2 AL 2 Qo) E3l o]F3 AbHo] AR A4
719} &p7]e] Zolof] A 2 & = YU
Akl AZS B3k AAe] A2 g} <l

216 A3+ F
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(b)

Figure 7. Gel conformation of MPEG-PLLA on mice; (a)
after surging and (b) gel removed from mice.

AL Aol $A19e 2tk oY Arere $43
BE @A exol Wgsled ATl AR
43 FAAYY ol ok ARAZA FsAE 23
ee BT 4 glsich WA AR TRAL) AR,
FBAD P oNY FAAZAL AT T 5
Aol A Felck

AL 2 & e AR &4 A A
£ 72 A (MOCIE, 10006921)¢l] 2]sl] #] =] 5o
ojell ZHAt=HYt.
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