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=5 oE AGAHEA HEA] ZEelEd =25) (MPEG, methoxypolyethylene glycol)Z} AJiE-sl4d Z2] ol
HZ Alde] 7l=2EE (2CL, scaprolactone) > T4 MPEG-PCL £5 3533 & Mes3s 53l &
HohE). MPEGPCLE] 4443} AAEAE x4 2t AAFALLAE Botol Laeiglrt vl
WA 2 A gl (FITC-BSA, albumin bovine-fluorescein isothiocyanate)?} 5 32338 52 Al & A
2 4GPl <Js) HloIE Azt SN WEE pH 74 AAFIDFAE AL gste] 37 ColA
1449 F<F WEsIgr) dale] Wk FART]E St FITCE =el 23l 24 =it Ho]=] <]
Gojsra e A Aujehs AAFARN S Fele] wasiedeh shvale] WE SE9h 27 bus
© MPEG-PCL €% F5HAS] +4 oA E2(Ldl 225 EAFo] 271845 =3k Z27t=
2L EAFC] AT, E U e 95 WEIE Byt

ABSTRACT : MPEG-PCL diblock copolymers consisting of methoxy poly(ethylene glycol) (MPEG) and &
caprolactone (CL) as drug carriers were synthesized by ring-opening polymerization. MPEG-PCL diblock
copolymers were characterized by X-ray diffraction and differential scanning calorimetry. After freeze milling of
block copolymers and albumin bovine-fluorescein isothiocyanate (FITC-BSA) as model protein, the wafers
loaded FITC-BSA were fabricated by direct compression method. The release profiles of FITC-BSA were
examined using pH 7.4 PBS for 14 days at 37 “C. The release amount was determined by fluorescence intensity
by using the fluorescence spectrophotometer. The morphological change of wafers was observed by digital
camera and scanning electron microscope. The release rate and initial burst of BSA increased with increasing
PEG molecular weights and decreasing PCL molecular weights in the segments of MPEG -PCL diblock copolymers.

Keywords : implantable protein carrier, MPEG-PCL, FITC-BSA, long-term delivery, biodegradable.
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2. Az o 3y

A1k B A", ANAAEA M. =550, 2000, H 5000
g/mole?] MPEG (Aldrich, Milwankee, WI, USA)<} M, =
134 g/mole?Ql carbitol (TCI, Tokyo, Japan)= AFE-3}% 12,
"S- ThEkA| 2 4] CL (Aldrich, Milwankee, WI, USA)-& 2+
#38lo] =glo] = (CaH,, Aldrich, Milwankee, WI, USA)3}]]
A 7R AAIst ARS-skelc) CLe] S35 = A HCl
- Et,O (Aldrich, Milwankee, WI, USA)+= AA| A glo]
AH8-31913, MPEG-PCL®] RES-&-mlj =4 Ag-5l o] 3}
k4 (MC, Jin Chem. Pharm. Co. Ltd., Korea)+= &A=
A3l (CaCly, Aldrich, St. Louis, MO, USA)$} CaH,ol|
Al A7) stellA AT vRS- $ Akl AA
< $3} AF (hexane, Junsei chemical Co. Ltd., Japan)-=
HPLC 5= ARESISich ¥R A2 S 21
3l7] 9)g AEFIZNE DT (GPO)EAL o|FA)
©° 2 ZFXEFEIE (CHCL, Fisher Scientific Korea Ltd., Korea)
= A3, EFEAE 24 2] 2~E]dl (Showa Denko,
Japan)& ARESIGITE 29l oFEE A AREEE Al
FITC7} 23k 4 3 <39 (FITC-BSA, Sigma-Aldrich
Co., St. Louis, MO, USA) Hl& 53t 3 vzt woks)
At

MPEG-PCL®] 4. MPEG M, =2000 g/mole 7}
AAZ ste] EAFEF 8000 g/moled] Z53AS A8}
7] $15ke] g A3 WAYs" <J8) HCl - Eb0S
ARESte vl 2 S Ak ZHAIA] MPEG
1.0194 g (0.51 mmol) & EF<ll 80 mLS & A% 100
mL two-neck T ZefAo] @3 ¥l A EWS AL
Slod 5AIZF 53F 130 CollA 30| T/7E AR 5
EF9S 2% AASkL MPEGE AL (25 0)&

7%

2 Y7271 = 2] AAE CL 3.058 g (26.83 mmo) =S 3
APTE o83t Y2 ¥ ukg-guiEA w|E] AAE MC
53 mLg 9 o 5% 924 HCl - ELOE 1 mL

el Al AAjetgict wkg- & kg o
AE AASE7] $15k] 400 mL )4k kG-
olEHA AAAATUL AAEL A
F201E B3l AE F MCo 549 A SIS T
sjo] SuIE ST e sl AxA R,

22 gEAle] S4B, A 98 RAe)
BA=F By el BAjEke T o] 29 (Shodex K-802 and
Shodex Asahipak GF-510, Japan)= 7}%l Futecs GPC A]Z2~
&l (Shodex RI-71 detector, Japan)s 53} o|gAro =
RRIES o] 83}lY 0.6 mL/mine] F%5°o 2 A3}
o Zztel 24 mEAe) ¥ vlo] BjE LA 4
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71EAI =] 0.05 wi%] HEZHEHAD (TMS)S £33
CDCl; (Merck, Germany)S &7]2 &}o] 'H-NMR (Bruker
300, 500 MHz, USA)E &3F4 4315t} PEGS} PCL
of B Mol WE Ad S ] 95kl
DSC (TA Intrument DSC 3100, Dupont, USA)E ©]-8-3}<]
AR 1~2 mgs 10 CT/mind] $2 £E =2 -100~150 C
o] WA T8 T, 183l aH 3= ARSI =3
27 Fefe] H3lE #EsE7] $3te] XRD (D/MAX-IB,
Rigaku, Japan)E AFE-3}4 5°/min®] £== 2609 Fk 0~
60°9) WelollA AL FAsisch

FITC-BSAE 7% &5 55 A1 43, &
ATellX= MPEG-PCL 553l 484 ©hii#<] FITC-
BSAZ 4 slolslE Axspr] Sskel A4 454
P gt A w7 £ 9
slo] FAR7] (SPEX 6750, NI, USAyS A3} 1%
2] FITC-BSAS 373t 253A1E nlEds} 81, 10
mg®] EFAE o] 3 mml =l F8kaL Carver
Z |2 (MH-50Y Cap, 50 tons, Japan)E ©]-&-3}¢] AF2ol|
A 20 Kgfem®e] oA 52 F-9F 719ksle] 3.0 mm X
1.0 mm2] ¢o]HE Axslgon EA B4 9 x| <
$EAE A N e 0 Tl nashle

AA 2] AR, =5 oA delHE 53 FITC-
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o} (PBS, pH 7.4)°] 2] 37 CellA] 100 pme] HFEZ
TAAFEA A7 A | mLe) BN RS
Astela, SAD ope] gEAL 2ol Foirk L4
Rz BAA) g Auiel Wn
7] (F-4500, Hitachi, Tokyo, Japan)E ©|-& ]-Oﬂ RS
AA B e

A Fejp, childe] okx BE F3ko FeE
Wsl7] 91814 PEG AREF Hslel] ufE fo]# o] 3
gE 9x"g 72t} SEM (scanning electron microscope,
S-2250N, Hitachi, Japan)S A-8-3}4 #23}9ic) SEM +
A S8 FEel Jelol =g Pastm 1 9o A
25 2AAZ F Z=k2v A5 E (SC 500 K, Emscope,
UK)E ol8slel ol sly] skl 02 F e

995 el el
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ql MPEG®} &2gAdolw Al 545 7H4l PCL &5
TTHAE N S Sk Ak A &
Aol wE oFE e AE FERIE] HE 71 4
25 8,000 gmole o2 AA|5}ka 7| A A]|Q] PEGS} PCLY]
4] H3lE 53k thekst BAFS] F5HAE Table
13} o] A3kt AR &5 F5AE vk A
Zo] A W3lE 53l 93-99%2] Az e &= g
BAE o] 1.19~1.39
© *PE =1 7PZIU% o] 24 FAFH AR EAFE
918143, 'H-NMRS E3}] %f‘éfﬁ MPEG-PCL &%
oA 54 w7l W3k EAlEE A48k
MPEG<®]| WHE-%]&= CH,2] protone 6=3.65 ppmol| 4] &
& = A3, BHe] methoxy proton< 5=3.38 ppm
oA Felslgic) PCLY] Z17ke] A5 §=231, 1.63, 1.39,
232 407 ppmelA] Felsgich ®=3 PCLe] Wk OH
proton> 5=3.70 ppmei| A 23} T}

DSCE 53 T#Ake] AAEA EAIA PEG 2000
gmoles 7]5+£2.% PCLO| #AEFe] E2C3~E2C11E F
7VeE T,0] 46.0~590 T 57}-&# gl & 4
NRL, FAE 2Rk A EAFS 8000 g/moleE
TARE W] A T EA] 57}%}—’? (134
~5000 g/mole) T,2] Fr2 56.0~51.0 CoZ FAdh=
&S B3l (Table 2).

Table 1. Synthesis of MPEG-PCL diblock copoly-
mers with different mole ratio

d

No.  [e<CL)/[Initiator] Ma oy VIEW®)”  Ma i M / My
ccs” 9.0 134-7900 93 134-8400 1.24
EC7® 65.0 550-7500 97 550-7400 128
F203° 24.0 20002800 99 20003200 1.9
F206" 53.0 2000-6000 95 2000-6000 133
E2C11® 98.0 2000-11200 98 2000-11400 139
E5C3" 26.0 50003000 94 50002900 119

Condition; [HCI]/[initiator] =2, [&CL]/[CH>Cl,] =0.5, room temperature,
24 h.“ initator; “'carbitol, “-4MPEG="550 (M, /M, =1.10), 2000
(My /M, =1.17), 5000 (M, /M, =1.12). * n-hexane insoluble part.
‘Determined by 'H-NMR. ¢ Measured by GPC (based on standard
polystyrene).

Table 2. DSC thermograms of MPEG-PCL diblock
copolymers

No. T, (C) AH,, (/g) T,(C)
cCs8 56.0 94.0 -61.0
EC7 57.0 99.0 -62.0
E2C3 46.0 125.0 -
E2C6 54.0 95.0 -59.0
E2CI1 59.0 91.0 -51.0
E5C3 51.0 141.0 -61.0
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XRDE 53 2743} &4l Slo4 PCL §-29] 26 3
< 2149} 23894 54 ]2E ] & 4~ 91913 MPEG
2000 g/moled] 54 |3 19.29} 23.1°04 =Sk 5
KAt (Figure 1). PCLE] EAFFo] 57} &5 2149}
23.8° ¥3E= Az} Z7)3RE Koy MPEGHE] 20 %
< sl e Bolvk mgk AA| A 8000 g/mole
NAx= w7} 2 PCLE EAFFo] 485 PEGH-
o] 20 Fho] AiHe® TS Eel & £ Slsich
(Figure 2) .

A5 EAF dste] wE $< 33 Figure 32 o
A okE AUAH R AREE MPEG-PCLE] %144 F324)
PEG®| A W3l wE WE7sS vag 13|
o} 27] o] 1%3] BSAZF AA EA}=ke] 8000
g/mole}l #o]F ol 44 FEe] EApFe] 7+ 134,
550, 2000 & 5000 g/mole > & Z7}3S w oF 2 F7h9
oFE WEke bS] 2% olWellA] A7) 37, 49, 56 L
2L 61%°l o|=x vk =3k oo 1Y oJue] 2
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Figure 1. X-ray diffraction patterns of MPEG-PCL diblock
copolymers with different molecular weight of PCL part.
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Figure 2. X-ray diffraction patterns of MPEG-PCL diblock
copolymers with different molecular weight of MPEG part.
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Figure 3. Effect of MPEG molecular weight on BSA release
from diblock copolymer wafers.
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Figure 4. Effect of PCL molecular weight on BSA release
from diblock copolymer wafers.
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(a) before in vitro (b) after release; O EC7

(b) after release; @ E2C6

(b) after release; 3 E5C3

Figure 5. Photographs of wafers; (a) before in vitro, (b) after
14 days (D EC7, @ E2C6, @ E5C3).
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Figure 6. SEM microphotographs of BSA-loaded diblock copolymer wafers; (a) before in vitro, (b) after 14 days (D EC7, @

E2C6, @ E5C3).
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