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ABSTRACT : The sol to gel transition of aqueous solution of block copolymers consisting of methoxy poly
(ethylene 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 HCI * Et,0 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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Al Z2(el€d 27]F) (PEG, poly(ethylene glycol))
I} 24449 ZEj(Z 2 SAlo] ) (PPO, poly(propylene
oxide))Z A= Fluronic®°]4} Poloxamer® 5-©| %3 %
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Ak} vy, & Al £5 3FEAHE F e
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2. A¥

AleF B 2|7, JNAA|Z A MPEG (Aldrich, Milwakee,
WI, USA)E= HFEA=F 2,000 gmoleS A3l #RS-
kel 24, CL (Aldrich, Milwakee, WI, USA) Zr53}0)
2}o]= (CaH,, Aldrich, Milwakee, WI, USA)3}ol| A 743t
A A sl AF23LG T LA (Boehringer Ingelheim Pharma
GmbH & Co., KG, France)= o2 o}A|E|o|E (Merck,
Germany)ol 4] 27+ AAGsk] A7 Azste] AHEaks
t}. CLY F¥=vlE A4 HCI - EtL,O (Aldrich, Milwakee,
WI, USA)= AT §lo] ARE3kSla, LAS] T35z
4] stannous octoate (Sn(Oct),, Wako Pure Chemical Industries,
Ltd., Japan)= 24A17F F9F 743k 0.1 Mo 5%
AR EFoR 3|48t ARSIt MPEG-PCL
S-S 2 A A8y wEalF2elo] = (CH,Cl, Jin Chem.
Pharm. Co. Ltd, Korea)= 154 0% ZpFEelo]|= (CaCl,
Aldrich, St. Louis, MO, USA)$} CaH,oll4 R247]5F 3}
A A3 ek MPEG-PLLA®] RE&-§1|Ql AA1H &%
oll (toluene, Fisher Scientific Korea Ltd., Korea)= 4 A +#
ZFA| (molecular sieve, Junsei chemical Co., Ltd., Japan)ol] 2.2+
sieh whg & 2RAe] PAE fste] WA (hoxane,
Junsei chemical Co., Ltd., Japan)Z} o= ol|E| 2 (ethyl ether,
Jin Chem. Pharm. Co. Ltd., Korea)= HPLC w2 AH&3}
et A EARREES E]1sl] $1% GPC 42
olsAe R FRIEE (CHCL, Fisher Scientific Korea
Ltd., Korea)S AH315 3, BFA2 24 Z2]2~E]@ (Sho-
wa Denko, Japan)= AF3-3}t}.

MPEG-PCL®] &A. ¥45F 3,700 g/mole] FF3
AT G457 Slste] chewt 2o AL AAsieiek
WA)A &l MPEG 2 g (1 mmol) ¥ £33l 80 mLS 2 7
%= 100 mL two-neck 5 Z¢fA=0] Y ol ~E
E =3 (Dean Stark trap)ye A3} 5417+ 5+ 130 Ceoll

A 30 SHE AN 57 T B
Z

-3
3 MPEGS Al (25 0)22 WZkA) & w]g] AA=
CL 17 g (149 mmol) & FA]E °l&3le] ¥ & v
2 gujz A wE] AA=E MC 30 mLE 9o o} &3
=24 HCl - EOE 2 mL Foi3ke] 2447k 59k Al
oA wREAA FUo} e AL
A AAsE) vbg & wikg- g JHAAE A7
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Figure 1. Polymerization scheme of (a) MPEG-PCL and (b)
MPEG-PLLA.
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detector, Japan)s &3} o]FA R FEEXES o|f
311 0 mlinin®] $5.0. Sslsle). 4749 4 1
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Table 1. Synthesis of MPEG-PCL and MPEG-PLLA
Diblock Copolymers

Noo M A g YOO Mo M M

[MPEG]
MPEGPCL C-1I 73 2000950 93" 2000930 120
C2 97 20001100 99"  2000-1060 127
C3 129 20001470 96" 2000-1700 120
MPEGPLLA L1 59 2000850  93° 2000810 124
L2 80 20001120 97  2000-1050 LIS
L3 121 20001750 95  2000-1720 121

MPEG : M, /Hn =1.17. “'n-hexane insoluble part, * n-hexane/ethyl

ether (4:1) insoluble part. ” Determined by '"H NMR.
“ Measured by GPC (based on standard polystyrene).
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0.054

0.044
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0.03

0.02

Retention time (min)

Figure 2. GPC profiles of MPEG-PCL block copolymers.
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9tk MPEG (M.= 2,000 g/mole)S TEA} /HA A2 3}
o] tjeFsl xAlo] B2 F=3HA|S Table 13} Zo] 7))3F
T2 o83l 93~99%2 AFH &= FAe
] 1.15~1279] wll$- 5L #Akwe} o] ExlEk A
o] AR EAEFSE 2 955 GPC (Figure 2)9} 'H-
NMR 5= &3l &<ls}3ick. MPEG-PCL 3432] 75l
= AF Sl ARESke] Al2ollA T8kl v, MPEG-
PLLAL Sn(Oct), & AHE3le] 115 T2 2% T3
Arste] A Ql FAFSE A= = ATk 2R
+A= 'H-NMR #4& %3] PCL¥} PLLAS] 54

= e = A0 (Figure 3). o]H ¥ A=4E
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Figure 3. 'H-NMR spectra of (a) MPEG-PCL and (b) MPEG-
PLLA.
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(a) MPEG

(b) MPEG-PCL
(c).MPEG-PLLA
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Figure 4. IR spectra of block copolymers (a) MPEG, (b)
MPEG-PCL, and (c) MPEG-PLLA.

W oA AL FAskaL, 4agr]eh B3] wbiE o]
Aow Q3] &47] A& A RASled Alghs
A =l 27]] SAH o8l 5] Ak v
o] Br} gL W 2xoA AMHolE Hol: Zlo
2 Ao

FEAke] SA mdl 7PAE ARgdle] &4 AHole] B
& Ae W2 exellA 257] Ak Sl ©Jgk
A AejellA 252 Frtel] whe} 8o Aol o
gt 3} 2gof o3l Apr)e} Ar)e] aEAl AR
=3 Az 8] 35 549 &= s 4 Stk 2
HEE QA A 250 A5 5] @Ak A FEE
plotdte] 1 7]&7]12He dojzl Ae] skl Al
Yz, Qdule} ER D)o HIlE B3l &4 Ao &
AbS AwE = 9o} Figure 62 Z2ke] 55 w3219
2x0] Ao dj3l| 7 aEARe] Al FEE plotdt 2AE

3bd 22 Table 201 YERI It

&4 Aol= Figure 601419k 20| 52 712715 2]
b= drdypgolnt BRI = La7)e] EAlEe] AR
5 s Sa Aellv Al ZexAl "k 4
AHeE A= e s W el 2x=elA A
Aol A& HolA ek oo AnEFE 25 1%
Ape] &4 Ao] x| Hzhke S5 LA ER9
Heph 27 9 VAL gl Ao At =
£5427]91 PCL¥} PLLAS] £Ago] Ze5 A&
H A= ds) Ws} 37 Yepdo® g2 &
Sl &4 Aol x5 Bol ih, 257]9] EARg]

H
=) Aggow s AL 247 Fxe b} 74

Z2|H, A28¥ A|3Z, 20044

Synthesis of Thermosensitive Copolymer 215

c3
404 sol
8 B c-2
8
© c1
9 <
€
@ 30 v
©
|_
gel
2” T T
10 20 30 40
Concentration (wt%)
(a)
80
L-3
sol
~ 60+
£ L-2
g
=]
T 404 L1
(]
Q.
§
F 20 <
gel
0 T T r T T
20 30 40 50 60 70

Concentration (wt%)
(b)

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 (4S) of MPEG-PCL and
MPEG-PLLA Block Copolymers in Aqueous Solution

MPEG-PCL MPEG-PLLA
C-1 C-2 C3 L-1 L-2 L-3
AG (kJ/mol)*  -3.3 43 4.8 -1.6 43 4.7
AH (kJ/mol)  58.6 53.7 46.0 14.5 19.0 9.7
AS (J/mol k) 204 191 167 53 71 43

“ Calculation based on 30 C
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(b)

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