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A5 2% WA EARA EE(C"HE 2RI VLR tlolEE 4l EES ZdiHE ¥
TS vIEAT AT 2El e 54 vl FAAR S FEAgARA @ S8 °f
FolA I Ytk £ AFolAE tolEF TEFAE o83 AR &4 Ao] dE e LEAE E]
3l AL, HEARF 750 g/mole] HWIEA] ZE|(ol2 FE12) fZREES A4 HCI - EL0 £A4] 3}
M MEFghe AL 3R wRAks AR XAl SRV o8t SAE skl
gl e] siAl Gl ARoi] AALER 2EE ASAT|H ZollA] A Aoz o] AHEE Btk
AAe s HZe A o) 2 P4 Fls] $15le] 20 wie & Aele] 1EAL A2 F 9] w)Flel )3 A}
Ak glo] o] 2 FAE Gy 2/UzE Ao] fAEE F-Issict o3k A7 AdE, M2 &4 el |
e Bole tolEF I AE s, T4 o)A ARl rheAde Flsklch

ABSTRACT : Poly(ethylene glycol)-based diblock and triblock polyester copolymers stimulating to temperature
were studied as injectable biomaterials in drug delivery system because of their nontoxicity, biocompatibility and
biodegradability. We synthesized the diblock copolymers consisting of methoxy poly(ethylene glycol) (MPEG) (M,
=750 g/mole) and poly(e-caprolactone) (PCL) by ring opening polymerization of &CL with MPEG as an initiator
in the presence of HCI - Et,0. The aqueous solution of synthesized diblock copolymers represented sol phase at
room temperature and a sol to gel phase transition as the temperature increased from room temperature to body
temperature. To confirm the in vivo gel formation, we observed the formation of gel in the mice body after injection
of 20 wt% aqueous solution of each block copolymer. After 2 months, we observed the maintenance of gel without
dispersion in mice. In this study, we synthesized diblock copolymers exhibiting sol-gel phase transition and
confirmed the feasibility as biomaterials of injectable implantation.

Keywords : poly(ethylene glycol), e-caprolactone, ring opening polymerization, sol-gel transition, injectable im-

plantation.
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B} A&H]] okE ALE gk A7

WA AR S8 Lughed TEALA
2o @llL-Alo] = (poly(ethylene oxide), PEO)&} Z&| =2
Zal&Alo] = (poly(propylene oxide), PPO) Z2]F-& &S
AFe] = (poly(butylene oxide), PBO) 2= A=l PEO-
PPO-PEO, PBO-PEO, Pluronics®, L2]3. Poloxamers 5-©]
Sg=e] Skt 2y elgjet AR R4 elEt
T 2 S 7R glek A #Zells PEOE )
o7 3o ARslY ET|elv| AL E2=E A (poly
(lactic acid), PLA), Z&]gg-22]Eg4t TFFA (poly
(lactic acid)-co-poly(glycolic acid), PLGA), &7} 2=
(poly(&-caprolactone), PCL) 5-¢] &=7-5-4 | A 52A]
WE4s AARGY W) FAAD oD o)Azt
RAAE W oFE HARA B @77} ARH 3
SR o] naAES AAARZA S5 SIHAE
Aeold] E Ao S TR A e A
A5 Qejok Hek WAl AT vk PEOE 7]
EOR sfo] ET|eEH=AL L JHSke] 23 9= o}
O| B FF YA A Ao A Aol 224
ol 23 3l A-F AolATE BolH, EEF
TEIAR 2 ZE AT Aol oA o
RGN As P &4 Aol S Hol
A=

2 AFoM= AR (M, =750 gmole)2] HIEA] &
glole @l Z2]= (methoxy poly(ethylene glycol), MPEG)S
NAAR 3l 7}ER2=HE (scaprolactone, &CL)S] 7NEH&
3535 Za) 3=l MPEG-PCL thol&2 F53}14]9
Ggalgol AN BE BAE e E TS
At 94 emuslel 24 AL G, PAes

o,
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o =2 H o
FEAke] 548 A3V Sste] AAEAA Al X-
A FA7E o8t 94 9 24 545 E43k

AleF 9 A7, WA A|ZA MPEG (Aldrich, Milwankee,
WI, USA)YE= HFEAF 750 gimoleS ARE38FG 1 v o
2| 24 &CL (Aldrich, Milwankee, WI, USA)S Z-53}0]
T g}o]= (CaH,, Aldrich, Milwankee, WI, USA)3}ol| A 743t
AABFA L, 4 A FAFA| (molecular sieve, Junsei chemical
Co., Ltd., Japan)l| 4] 37 EH3}gic) oCLY| T3H5=
A1 1 M HCI - Et,0 (Aldrich, Milwankee, W1, USA)+= A A3}
7 glo] ARE-3191aL, MPEG-PCL®| HEg-8-ml 24 AR8-=
we#F 2 2}o] = (CH,Cl,, MC, Jin Chem. Pharm. Co. Ltd.,
Korea)x 9420 7 Z¢FFE}o]| = (CaCl,, Aldrich, St.
Louis, MO, USA)&} CaH,ollA] A 47)5 slol|A] AA)|514)
o} Bhs- & Ake] S 918 A4} (hexane, Junsei che-
mical Co., Ltd., Japan)¥} A3} #ARFEES 913}
218 GPCEA ] o] FAFeE AN SRR X F (CHCL,
Fisher Scientific Korea Ltd., Korea)= %5 HPLC 5H5= A}
4319037, GPC #42] EFA 524 Z8] €2 (Showa
Denko, Japan)& AR3-3}3th

MPEG-PCL2] @A, tix3 3 o= EA=F 3600
gmole®] FFFAE FA3] H13te] v 22 AA
< AAsksiek A AQ] MPEG 0.882 g (1.176 mmol) X
EZ9 80 mLS 2 A= 100 mL two-neck = Z2k~
Fof] Wi o 2E EfE ARRShe] 5A17F 59k 130 T
AA T FHE AL T/ F 279 ZF A
7J8kaL Ax7)F slelA MPEGE 22 (25 0)2% 37
A7) 3 wE] AAE «CL 1.877 g (16464 mmol)S FA}
715 o83l €2 & uhSgvilEA v AAE MC
32 mLg Y-S o 3 Ev=A | M HCl - E,0E 235
mL T3k 24417 59 Ao A mHAAFCE B

& SRAY AAAE AFsE] $1ske] 400 mLe] @Ak
HRSE2 A413] "olERHA AAAAFY AAE
< MCel| =9 AEFel= 72 F 34 TE 53t
of SulE AASkL 2t shellA 29 FF AxAF 0
SAEA. AL R Ak EAE RS} &
AFe 5 /9] ZH (Shodex K-802 and Shodex Asahipak
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GF-510, Japan)= 7}%l Futecs GPC system (Shodex RI-71
detector, Japan)s &3} o]FAoE FETIIES of%
shol 0.6 mLmin®] §4-02 ZA4skgick, 279 74 3
Ak & wlol] e EAREE Ui 7IEAI R 0.05 Wik
9] tetramethyl silane (TMS)E E38H3F CDCl; (Merck, Ger-
many)= £ 2 3} 'H NMR (Bruker 300, 500 MHz, USA)
= &3l #4316t T3 2dAke] 944 54
25}7] $]5}] DSC (TA Instrument DSC 3100, Dupont, USA)
2 o]83l] 10 Cmin®] H& HEZ -100~150 T2 ¥
oA 7,9 T2 RS

T8 iAo SIS BEslr] fsiA Zzte
IEAE 20 wt% = 3|4 3F §-43} PECL4E 1~20 wt%
9 FER B &3 &AL A2F 5 CTmin 10 T
ming] -8 £ 10-80 2] Bslola] B
gk A=l wAke] AARAS dEs7] 918ke] XRD (D/
MAX-IIIB, Rigaku, Japan)E AF$-3}e] 5°9min®] 5= 20
2] 3k 5~50°9] WA 24 e Elsksith

<-4 Ao]x 374, MPEG-PCLE] 20| wE Axle]
A sl fjste] A7ke] widAlE SRTE ol%
3te] 4 mL wlo]dell A 3~20 wi% ] FE=E 2= 553
TAE 80 CollAl &3l & aaAke] 44 Ak S5
4 CollA 15417 5 2t & x4 10 THE

2
A 31 Bk vleld g J1geldA A BF AEiE
=

=

mLe] THTE 9ol AA 25 0.1 wi%E 73}
AF gz Byt Ao FAF ARE A

R =2 Pluronics® 1275 AFE-stgt) =
FoAe] &4 AolE Flsly] $l5}e]
IEAE 7T HdEelA Alstedal Jlaw He
AAEE 220 wi% FEF AdEsle] AdoA A &
A F 33t FAE AR A 1 mL S8
9] F)sle]] FABIGTE 609 & FARLLES AA| )
A= Flsksich

¢

o o

3. 29 94 EE

MPEG-PCL 53539 4. 22784 <=
AGAE Fv)5h7] $J8iA AAAIZA MPEGS] Lt OH
o] TeFA| A3 A EA) slelA ZA3hE kA wWA
Yol 93l tZzeEe] Nasegs 53 vsdAE
gAdslgict. ZlZ 2 EtE o] 32 | M HCI - EL02] £4)
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sl Al FAANAIA ] B v]E 2T =M kel
AeFe 7k ZEIAE Table 17 7Fo] dHAI3ISIC) =3
= MPEG-PCL &5 3539 54 #57]el digh &
AtEE 'HNMRE 5314 2413)3lc). (Figure 1) MPEG
o] HFE-E]+= CH,2] protone §=3.65 ppm (A)ol|A4] Ealsh
= A3, Teke] methoxy proton §=3.38 ppm (b)°l|A]
glsksde). PCLY ZHhe] A% (f~i)ye §=231, 1.63,
1.39, 28] 4.07 ppmellA 15} w38k pCLe] 2ok
OH proton (j)= §=3.70 ppmoi|A] &3}t A= =
T 5 7oA AlE bet do] HAN|7) A 3:29]
vlE= Yehds #Rlsglct. =3 MPEG-PCL &5 %
FTHAT 95.7~99.1%°] AFAA €2 = F A
i, GPC #4L B3 12~13 ¢ & s E 714
o1t 4= 9lslh (Figure 2) ©] A2 7}z 2 etES]
gk 2 AR AlREolsolu AARES glo] o]F
o7s g 4= 9islch

9= Ake] 9 ST AR s S5k
o AlEAL AL XA 3175 AREEle SAS 2

o ¥
oo 3@ o

b A d
Il f h
CH3O+CHZCH201;CHZCH20{C\/\/\/O]‘H
e g [ m
A

T™MS

o

f+h

el i
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Figure 1. H-NMR spectrum of MPEG-PCL diblock copolymer
(PECL+4) in CDCl,.

Table 1. Synthesis of MPEG-PCL Diblock Copolymers

No. [FCLVMPEGL % ot Yield®%) 7 v’ M. /7.
mole ratio n n w
PECL-1 14.0 750-1480 97.5 750-1620 1.21
PECL-2 15.1 750-1760 98.2 750-1800 1.23
PECL-3 16.6 750-1900 99.1 750-2060 1.28
PECL-4 22.8 750-2600 95.7 750-2440 1.34

MPEG : M, /M, =1.18.“ n-hexane insoluble part. ” Determined by
'"H NMR. “Measured by GPC (based on standard polystyrene).
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A8t} (Table 2) Figure 394 *® MPEG+= 2F 148 C
oA wtd w25 #elE 4= 9I%ly, MPEG-PCL &5 ¥
FHANA = EAEFe] TS PCL F--o ‘f‘—i"é 7]
A 2% ko] 399~467 CE AxlAde s Z7)s19a, AH,
= 75.1~849 J/g=2 AAA 0T Z)el= AES Bl
¥3F MPEG -9 &d vz 2% ke 148 CTE 714
W, AH,~& 1339 Vg 3= 7 Siek 2Ey 3=
MPEG-PCL 4|¢] PCL +AFFe] F7}el W& MPEG &
Z9 g v]3 &5 e -56~-303 CoR s
AH,2> 29.5~159 /g %kﬁi Az} 7asle Ak B
o] git}. T3 MPEG-PCL £5F F53A|e] AAHAS
gtolslr| 9)sle] MPEGS) ZHzke] A=l i R-AFE 59min
£E % 5~50° WA AAEAS I8 (Figure
4) MPEG2] 7-$-oll+= 19.1°, 23.1°, 1?4; 325°9 2 0 %
oA AA F3E AT = QL oF 9.8%2] AAI}=
E 2.2lt} MPEGe]| PCL2] Z3gtel ]3] MPEGS] 19.1°
2} 32.5°9] 2 0 o] F| =2 HA o] Fhasl= Wb, PCL
o] EAF STkl sl 21309} 23.6°901412] 2 6 Fke] T
_/] HAo] Ax}Aoe 7 %—7}-6]-@, MPEG-PCLS] = Z2A
T 69~227%2 715 Bl

0.6- @ X @

(a)

0.44

mV

0.24

0.0

Retention time (min)

Figure 2. GPC curves of MPEG-PCL according to change of PCL
molecular weights; (a) MPEG, (b) PECL-1, (¢) PECL-2, (d) PECL-
3, and (d) PECLA4.

Table 2. The Thermal Properties and Degree of Cry-
stallinity for MPEG-PCL Diblock Copolymers

vo, L MPEG block PCL block iy
(O 1,(C) M,y T,(C) aH, (g "
PEG - 25.8 133.9 - - 9.8
PECL-1 -62.2 18.2 29.5 48.2 75.1 6.9
PECL-2 -64.1 124 23.5 46.8 75.9 8.5
PECL-3 -62.8 12.6 23.0 48.6 81.9 11.9
PECL-4 -62.7 17.2 15.9 52.1 84.9 22.7

“Measured by DSC. "Determined by X-ray diffraction.

Eg|H, #2849 Al4%, 2004
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Figure 3. DSC thermograms of MPEG and MPEG-PCL diblock
copolymers.
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Figure 4. X-ray diffraction diagrams of MPEG-PCL: (a) MPEG,
(b) PECL-1, (c) PECL-2, (d) PECL-3, and (¢) PECL-4.
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MPEGe] 04 #91e] A= 72 POLe] H4 %
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Ao AgAl FEQl PCLE EAFEFo] 160004 24002
& Z7VESE A A o] T 4 kel 31

~53 T #HelolA As TS E3eleh =8 Y

Mo 4 5AE ] Aste] Zbe] n#AE 5
B4 20 wt%® 343 = 5 CT/min®] 58 $5% 20
~80 T2 &% WA AxFAFE A %‘4——3— B3l +
gl wE e o]3E #1355tk (Figure 6) PECL-1
oA 42.5 T2} 455 ColA B2k 5 9dd g =7}
PCL £5°] #AFe] 57} 3144 MPEG H-&°] w4
937} Fraste A7t dojuA = pCL He] 2
Aol 7)elgt Wkl w37} Ax} Z7F81A| =)o) PECL-4o
A oF 485 CollAe] < #)aF Fqld = glck o]
= &4 F-29l PCLY EAF 71l wet =88 A

oA 2 2=ollA A APt dojulA| = gk &
A2 Al o) W& 2% WSl A ARS FAI3}

60

sol

554

504

454

Temperature (C)

0 5 10 15 20 25
Concentration (wt%)

Figure 5. Sol-gel-sol phase transition curves of MPEG-PCL
diblock copolymers in aqueous solution.

PECL-4
PECL-3
o]
o
PECL-2
J
20 30 40 50 60 70

Temperature (C)

Figure 6. DSC thermograms of MPEG and MPEG-PCL diblock
copolymers in 20 wt% aqueous solution.
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Figure 7. DSC thermograms of PECL-4 diblock copolymer
according to the concentration change in aqueous solution.
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T FexolA Al FatRE skt =3 AE o= FAF F9E AAlskelE v Ao 4 gle] 2 2A
3= &4 vEAke} vwshr] 918k Pluronics® 1272 & FIsHGiT

22 o= AS AL Figure 8(c)ol4141 ¥ Plu-

ronics® 1279] 7§ wrk sEube] s A=o] Ao ¥k = 4. AE

gort A" TEA MPEG-PCLS 7A2] B4k glo] of

297 S AR Sl 2 Aol ARAEF MPEG (M, =750 gimole)E 7l

A .
AA ollAe] Ae] 4 9 oA A7k Fo] As) v AAR Bte] £CLY AR F3E B3 589 oA A

2 Felslr] Yste] HaE PECL4S S5H50l 20 wt% 22 sol-gel-sol FA o] AFE Hole tolEF 5%

2 3Asle] g3iA7] T 1 mLe £ ke AE AR 4= TEdAe G e 58

gsle)] FALa, oF 2@ & AL RS AAsle] A ¥ o] AoFal & F& PAEE A glow, A}

A& galstgic). (Figure 9) I]8tel]l A 2o 34l & FAMERS XA 3RV Eske] 24 SA9 24

2 oluje]l o] 4L AT + Ygla, 60 & F A AR 5 300k LAYl 3~20 wnR £
FLURONIC® 127 PECL-4

()25 C

(b)37 C

(c) incubation

Figure 8. Sol-gel-sol phase transition behavior and incubation for 5 min and 2 months of MPEG-PCL diblock copolymers in vial.
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(a) subcutaneous injection of PECL-4

(b) gel formation

(c) surgery after 2 months

(d) removed gel

Figure 9. Gel conformation of MPEG-PCL diblock copolymer (PECL-4, 20 wt%) on mouse.
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