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A8 2xo] Bheslt LEARA FCILA FYHE /P02 PolB2 W E2)28 FelrvE T
ZATL WS AR T20)0 ARG 54 wiEel FAARL) EALAZA B S8 o
FolA|z glek B AFAAL Tl 2T ZEUAE ol4F A2 &4 Aol AL 2= TEAT F)
shaxl, HFEAL 750 gmole®] W%A] el 227 Ffm2AELS ALolA HAl - ELO A 3
oM ANBEIE ANSHITE AR TRAE AL XA HANE olgstel 54 AL,
Fgolole] TEA gole Agold AMNLER LEE ASA7Y Sold A Aoz AN R3r)
Arles 3zoiel A 94e Selsh] A5l 20 wes & Aele) 3RAL galg o) sjslel] e Azt
23k glo) o) 2 BT 2hY7 Ao) AL Al o) AT AR, Aze &4 Aol A
A Bolt Tol2 % TRYAS PATILT, FAG ol4 ARz hrAE Fasgck

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 iransition 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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Al AL FASL dF e F el o3 AlA HH ol
e glo] el AL Akl 23 Al 22 vjEs=
RS 7HASL Yok 53, 250 23k Asl= 7] £
5 ARESHAl U 8 AellA 2= Wste] o3 A
FEolvt AEIA B AL IR 5 ok olHF
sle|l= 2 Ag FAE R S-43) SsAE e A
=9 whE Aol A ol ARNA 2E]a AA] 9L 4
A wiEE7] 23 e BAERE A2 Qlojok ) ®
&, A gl o)&F7] HA AAAFAHAS 7z
slofof stu EafAolut MiEA] Azt QA AL A
7)ol /o] glojof gkt olgigt FAAE Y slo]=
2AL A A wlEY 26| ezl 3HAE
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A ZEARA A FEdaHEA D] AR
LA ol&sle] B} A&A<) oOF AL A% IF
7h AP gl

HAAEA] e s 585 Lu7heA AR &
gloealS-Ale] = (poly(ethylene oxide), PEO)} Z2]| =&
dal-&Alo] = (poly(propylene oxide), PPO) Z&]H-elalS-
AFe] = (poly(butylene oxide), PBO) S°& A% PEO-
PPO-PEO, PBO-PEO, Pluronics®, 12|37 Poloxamers %-0|
&0l fokteT ey ojefdl AR wlEsA o)}
= 2 931E 7HE vk Z2#iA F2ell= PEOE V)&
o7 o] ARA Zejoll 2 A Eel=EA (poly
(lactic acid), PLA), &2|2te-Z2|E4 FFEA (poly
(lactic acid)-co-poly(glycolic acid), PLGA), £&]7}Z2 2=
(poly(&-caprolactone), PCL) 5-°] =724 A 55 4]
WS AR dEel FAAGO 2 o) AR}
RAAE W R AR Be 977} A= 9
o} o] 3 RAEE YAANERA S&5) A=
Ao & g A3 ohgr) GA e AEE
7HA A glejof gt |xriA] dAtd iR PEOE 7|
Fo T st Zo e 2AGe] A o) A o}
o] 55 FTFHALANT A Aol A Aeolw 2x A}
ol sl E3lsle A-E Fo|A%E Holv, EfES
TERALY Tz E FEIA? Aol gloiM o
d 2 delA] AL FAsh= &4 Aol AL Ko
Ay =

= A7elAe ARAF (M,=750 gmole)d] HIEA] &
oA F2]Z (methoxy poly(ethylene glycol), MPEG)S
NAAZ Bhe] FFZRE (scaprolactone, &CL)2] H3HE
&7 B3 3= MPEG-PCL ol &5 3539
FgAgo] A= BF B 2= & AEHE &
Asta 4 2yl AX AL JAs, YAl
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AleF vl A7, NAAZA MPEG (Aldrich, Milwankee,
W1, USAYE HFE-A12F 750 gmoles AM43tglm ve- o
A Z A &CL (Aldrich, Milwankee, WI, USA)-2- Zr435}9]
=2ko] = (CaH,, Aldrich, Milwankee, WI, USA)3}oll A 7t
AAIBFA, 4 A EAFA| (molecular sieve, Junsei chemical
Co., Ltd,, Japan)°l| A} B3 »aslgch oCLY FEEm=2
4] 1 M HCI * Et,O (Aldrich, Milwankee, WI, USA)= A A2}
73 fle] AME-3FSi5L, MPEG-PCLY HhS-Em2 A AR5
W gF 2 2lo| = (CH,Cl,, MC, Jin Chem. Pharm. Co. Ltd.,
Koreayrx= G&# 03 ZgFTEto]= (CaCly, Aldrich, St.
Louis, MO, USA)$} CaH oA A47]F slol|A] AAstg]
o} qhg 3 ko] AAE 918 FAF (hexane, Junsei che-
mical Co., Ltd, Japan)¥} #-2}} FABRETE 8qls}7]
H3F GPCEA Y ol 5Ae R A3 F2 2RI E (CHCL,
Fisher Scientific Korea Ltd., Korea)}2- =% HPLC 55= A}
L3133, GPC #4412 EFA 82 A Z2]2e]4 (Showa
Denko, Japan)s ARE-3}3it}

MPEG-PCLS] §A. WE7 3 o =4 EA}8F 3600
gmole®] FFHAE A3V Hsto vhadt 22 A
< XAk A A9l MPEG 0.882 g (1.176 mmol) L
E29 80 mLE & 7%H 100 mL two-neck - ZapA
o) Y | 25 EHS ARSSt 5A1ZF 52k 130 T
NM v FR/HE AN SF F EFQAE 25 A
Ak A27)F sle4] MPEGE A& (25 C)°.& Wzt
A7l & ulg] A= +CL 1.877 g (16464 mmol)S A}
718 o83t Yo F ukSguiEA wlg] A= MC
32 mLE 92 o £ F9EA | M HCO - EyOF 235
mL Fojste] 24417k B9k Ao wHAAFU =
T AL I Ah sl AAFgic) vk F owat
< AU ANAAE AAS] $151e] 400 mLe] Al
HheEe AA3] "elErjwmA AAAAF AAE
< MCel| 5o AFFo|E A F 3d $7E 53}
o S AASE T ShellA 29 B9 AxA)ZCh

SAEA. MAAI FAE 18 Rbe] EAlEREEel B
AeFe- 5 719 2] (Shodex K-802 and Shodex Asahipak
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GF-510, Japan)= 714 Futecs GPC system (Shodex RI-71
detector, Japan)2 E-3}4 o]FAle R FRIXES o|&
3l 0.6 mL/ming] 508 xzh;}cdr,} Zb7ke] A 3
Ak & wlof] oigt EAF - 7EAIR 0.05 wi%
9] tetramethyl silane (TMS)ZS ¥3+g} CDCl, (Merck, Ger-
many)2 £ 2 3}o] 'H NMR (Bruker 300, 500 MHz, USA)
< &9t FA3GY. S 2EAe] 44 BE4S @
Z25}17] $)351] DSC (TA Instrument DSC 3100, Dupont, USA)
Z o]£3l4d 10 T/min®) S& £EZ -100~150 T #
A 7,2 I & 2A3HcL

58 AolA e EAQHIE By A 42k
TEAE 20 wi% 2 3|43 293} PECL4E 1~20 wit%
o] x5 g Eo £3A7 £4L 2425 C/mind 10 C
/min®] 5 £5F 10~80 T2 HY oA #aslgct =
gk A9 3R] A4S BESP] 3k XRD (DY
MAX-IIB, Rigaku, Japan)E- AHE-3l4] 5%min®] 5% 20
2] Zk 5~50°9] el 2AA EAAS Fdssich

£-4 AolE 5%. MPEG-PCLY| 2% W& AAlo]
A& | S8l A2 1R AE SR4E <>la‘hL
3l 4 mL who|ZellA] 3~20 wi%d] FEE ZHe EE2
TAE 80 CellAd &3l F 284N if%l 4 93
4 CoAA 1543 B¢ 283 F 204 10 TH¥E
15 £ 2 T2 F7H719A Z42he] x4 1087 %
A F 1 B vleldE V| &olwA A BE AEHE
At £.A Hol 222 BRG]

o] A U FE Y. 58 YollAe] Aol kA

= BRI A3k wlold WellA] 20 wi%eo] A}
S ALNA &8 F 37 Colx As 4 F A Yol 2
mle] SRS Bl AA $5F 0.1 withE A}
37 C AE x| B@ste A Fi o35 B
g} vy 2224 Pluronics® 1278 AREshgic) ®=
gL AAIRE F-2odlA e &4 AolE &Il $)3he

TEAZE 71EE apdiEelA st gl Jlag Hi
AAIRE Z 20 wite TEE At} A2oA hd £
AT T 93} FAE ARESH] 282 1 mL £9S
Fe sl FABIITE 602 3 FAEAE AAEl
2 P& sl

o2 | v

tle ki

3. A3} L =&

MPEG-PCL S535H9 $4. 223184 48
ALAE Evlslr] S5 AAAZA MPEGS] 2k OH
o) WA B3k £A) sola) LashE e w7
UZoj| o3| stz zetEo] MNaEste i) 232AS
FAdstgich slz2gEe] £33k 1 M HCL - Eb09] £4)
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EMW dFANAA L] B v)E Ao 24 tjosk &
ZS 7k ZEIHE Table 17 72o] A8kl S8
lﬂ MPEG-PCL &5 Z5%AH9 54 5710 uigk ¥
2 5_-‘5 'H NMRS 53|14 243}, (Figure 1) MPEG
2] WHE-E]E= CH, 2 protons §=3.65 ppm (A)ol|A] &elet
Ea 9,121.2, ko] methoxy proton §=3.38 ppm (b)°i|A]
sttt PCLY] A2 A% (f~i)= 6=231, 1.63,
139, 18|31 4.07 ppmol|A] Eelslic). w3 pCL2) Ut
OH proton (j)2 6=3.70 ppmoilA #&sHch A= 2
EF 3 23 AE b} do] WAy} A 329
Bl&-S Veld s #elsigin) =3k MPEG-PCL £5 ¥
FEAE 957~99.1%] AFHA &2 4L F U
I, GPC #4%& 538 12~13 9 £ %:W‘: 2 e
galsk 4= 9lglch (Figure 2) ©] 2#E slz2etE o] 5|
3k 2 AR AREolEolu AxNES glo] o|F
RS T 4 Atk
A= Rk g
o ARlALd S

543 ARAE Els] 98t
A} X-A 3)A7E ARl EXS A
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Figure 1. H-NMR spectrum of MPEG-PCL diblock copolymer
(PECLH4) in CDCl,.

Table 1. Synthesis of MPEG-PCL Diblock Copolymers

No. [E-EIS}Q[II\;IEEG] M, coicunea Yield(%)* M, v’ M, /M,°
PECL-1 14.0 750-1480  97.5  750-1620 121
PECL-2 15.1 750-1760 982 7501800  1.23
PECL-3 16.6 750-1900 991 7502060  1.28
PECL-4 22.8 7502600 957 750-2440 134

MPEG : M, /M, =1.18. “ n-hexane insoluble part. ® Determined by
"H NMR. “ Measured by GPC (based on standard polystyrene).
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A8}, (Table 2) Figure 394148 MPEG:= <F 148 C
oA utd maE #le = 99, MPEG-PCL e
FEANA = EAEFe] $7HS PCL H3-9 H“ﬂ 7|
A L5 ko] 399~467 CE Ax}Aow =18l v, 4AH,
= 75.1~849 J/gi AR o 7 Zrlshes AFS Rl
T3 MPEG 3829 24 53 &% & 148 TE 714
w, AH,2 1339 J/go] 35 7R3 vk 13y 4
MPEG-PCL W9] PCL #x}&Fe] F7}e] ulE& MPEG &
2o wtg F3 2% ZHe 56~-303 CoR 7H4asly
A, 295~159 Vg Fo 7 AA} 74sl= A B
o] 9t} ®¥ MPEG-PCL &3 2539 AAAS
galslr] $istd MPEGS} 2H7te] A=l s1E-AE 5°/min
£5 2 5~50° HY oA BAEAE Fstie) (Figure
4) MPEG2] 7%-¢ll:= 19.1°, 23.1°, 18|31 32.5°¢] 2 0 %t

A A B2 E FIF F YT oF 98% Y AA=
£ Xk MPEGe] PCLY] ZAgte] 2Js) MPEGS] 19.1°
S’Jr 32.5°9] 2 0 o] #l=e) HAo| ZhAas= ¥bH, PCL
o] Al Flell 23 21.3°9) 23.6°00141] 2 0 Fke] o
_;Lg] HAlo] Hx)A o F 257].%5}04’ MPEG-PCL2] & 2A

EE 69~22.7 %2 F712 Rt

0.64

0.44

mV

0.2?

Retention time (min)

Figure 2. GPC curves of MPEG-PCL according to change of PCL
molecular weights; (a) MPEG, (b) PECL-1, (c) PECL-2, (d) PECL-
3, and (d) PECL-4.

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

N, L MPEG block PCL block "y

- ©) T.(C) aH, ()" T.(C) 4H,(lg" "
PEG - 258 1339 - - 9.8
PECL-1 -622 182 295 48.2 751 69
PECL-2 -641 124 235 46.8 759 85
PECL-3 -628 126 23.0 48.6 819 119
PECL4 -627  17.2 159 52.1 849 27

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

EZg|H, A287 A4z, 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 (e) PECL4.
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He® LA F3E) PCLY EAFe] 16009014 24002
B VS A A d90] SRS el s, 31
~53 C "ol AL AL BAstgr) gl y)
Aol 4 5A4& B3] sk ZH2e) _fo}— 5
FrollA 20 wi%E A3 & 5 Tming 5 £E52 20
~80 T2 &= WA AAFAIGHA 245 B3 £
ApEFe) wiE e 91325 #<lstiv) (Figure 6) PECL-1
oAA 425 T4} 455 ColA B2 5= gdd 2 w)=7)
PCL &2 #Alge] F7} 311A MPEG §-+9] w4
#a327} Zadtel Ao} dojubA] =5 PCL F29 2
Aol 71918k W] w37} AR} Z7181A) = o] PECL-49|
AE oF 485 Collxe el 532 918 5= Q) o)
= 254 FE< PCL] FAF Fotel W) -8 A
oA W2 xojA GA| A3} deA =z P &
F232) SRl 3l §& &5 HHeNA A AL FA)8}
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Figure 5. Sol-gel-sol phase transition curves of MPEG-PCL
diblock copolymers in aqueous solution.
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Figure 6. DSC thermograms of MPEG and MPEG-PCL diblock
copolymers in 20 wi% 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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£ el s AR MPEG (M, =750 gimole)E 7N
AAZ Blo] #CL) NG F3E Bo) 58 Aola] 2]
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A2 stAstg) s TR gy 2L £3)
o Akl 8T F2 BAEE 7RI glew, AjAf
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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

(c) surgery after 2 months

(b) gel formation

(d) removed gel

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