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=& BAFRTES 7R 154 poly (ethylene glycol) (PEG) E=3} AsA] 1124121 poly (D, L—lactide)
(PLA) H+= poly (lactide— co—glycolide) (PLGA) & 45 E502 = oA olF E5353AE st

89 ey X549 pioglitazone 2] 718 913 A} nALE AlFsISicE PEG Teko ZRE] LA MEE
ghol] oJafl 3 aEAre] slehA] /g7 wAREE Wb o g2 2eEglan 3 Ak 8 AdellA
10~30 nm Z71Q1 789 A|xH A FASIATHCMC=0.001 ~0.0076 mg/mL). N3} 2AE P&
ol g3te] o2& wYdst T AFM, DLS, HPLC 4% Fslo] njde] 545 vlusigict AE2 2= PEG-PLA
(1= PLGA) 35ZAE o83 1AlEiiE 53l pioglitazones T3 0% 7H-3A1Z 4= Ut

Abstract : We synthesized PEG—PLA (or PLGA) amphiphilic di—block copolymers, which consist of PEG
as biocompatible and hydrophilic block and PLA (or PLGA) as biodegradable and hydrophobic block, by
ring opening polymerization of LA in the presence of methoxy PEG as a macroinitiator. The compo—
sitions and the molecular weights of the copolymers were controlled by changing the feed ratio of
LA (and GA) to PEG initiator. The di—block copolymers could self—assemble in aqueous media to form
micellar structure. A hydrophobic model drug, pioglitazone, was loaded into the polymer micelle using solid
dispersion and dialysis methods, and the drug—loaded micelles were characterized by AFM, DLS and
HPLC measurements. The drug loading capacity and 2 vitro release studies were performed and evaluated
under various conditions. These results indicated that the amphiphilic di—block copolymers of PEG—
PLA (or PLGA) could solubilize pioglitazone by solid dispersion method and the drug release was modulated
according to micellar chemical compositions.

Keywords : PEG—PLA (PLGA) diblock copolymer, polymer micelle, pioglitazone, solid dispersion method.
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kxIN 2252 #M. PEG-PLA (%= PLGA) °o|F &
Z23=A= A NAEA PEGY &) Sn(Oct), A3}
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£3101 400~4000 cm™" H9jolx Sgic). mRARe] BAjer
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PEG-PLA di-block copolymer

R .9
CHz-0-F-cHzCH;-0—JH-C—CH-0-Jmkc—cHyo—x 1

PEG-PLGA di-block copolymer

Figure 1. Synthetic scheme of PEG—PLA (or PLGA) di—block copolymers.
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Figure 2. 'H-NMR spectra of PEG-PLA (a) and PEG-PLGA
(b) di—block copolymers.
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PLGAE 1762 cm™ el 242} 81gk 5= glglon 2750—-3029
em” ' (—OH), 2850—2990 cm™' (—CHs,—CHy—), 1456 cm
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APES AN FEE ARSI Table 13} Figure 4°i4]
B 2= 9l%0] PEG2K—PLA1K®] 79 1.7x10™ mg/mLelA ¢
A E5elS 31519131, PEG2K—PLA2KE 1.0X 10~ mg/mL,
PEG2K-PLGA 0.8K¥ 7.6 X107 mg/mL, PEGZ2K—PLGA1.4K
= 3.0x107 mg/mLz Z4Ec) ol AFfsRRE 254
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A BERALe] Bl A710) nh)gslo]l dAA s Zo}
A= S B R Q9 ol BEY a4 150 Kl u
2t 254 A el o8l AR A Ee] ¥ W Fe
A g Qlomg 8ol FFo|t QPgido] X} =
thch
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Figure 3. FT—IR spectra of PEG (a), PEG—PLA (b), and PEG—

PLGA (c¢) di—block copolymers.

Table 1. Characteristics of PEG-PLA (or PLGA) Di-Block Copoly-
mers

Molecular weight
Copolymers " MP PDI
" (PEG:PLQA)
1 PEGZK-PLAIK 3000 2000:1140 1.16 0.0017 74
2 PEG2K—-PLAZK 3740 2000:2140 1.29 0.001 70
3 PEG2K-PLGAO0.8K 2290 2000 : 760 1.07 0.0076 84
4 PEG2K-PLGA1.4K 2520 2000:1380 1.13 0.003 82

“Determined by GPC measurements. “Calculated from the peak inte—
gration of "H-NMR spectra. ‘Determined by fluorescence measurement.

CMC*  Yield
(mg/mL) (%)

21
2.0F
1.9}
= o1l
g
1.7h N
O PEG2K-PLAIK
® PEG2K-PLA2K
L6F O PEG2K-PLGA0.8K
W PEG2K-PLGAL.4K
1.5¢ , , , ,

-5 -4 -3 -2 -1 0
log C(mg/mL)

Figure 4. Intensity ratios (570//As1) of pyrene emission spectra by
fluorescence measurements.
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2 7sa gotry] flsto] ARIFAF FRAI(DSC) £ Sate] FAT8t
Ak Figure 5). PEGZ2KS] 7% T2 58 C, PEG2K—PLA1K:=
53 C, PEG2K—PLA2K+= 47 C, PEG2K—PLGAO.8K= 48 T,
PEG2K—-PLGA1.4K= 45 ColM 444 PEG] 84S 2Rig
4= SIStk ol 5% PEG 1E°ll PLA (= PLGA) E20] 4
FatiA A7%dE tha ATl ARle] HSlal, BESE Ao
71kl e g 7h0] 2ATS & 5 itk 8lal Bl &
SEA el Bl mAa g]lekA] oo e ow E3kE Al
29 DSC A¥= Figure 5(c),(d ol YERRITE Pioglitazone 2]
T 201 Cold ¥2E9lal PEG-PLA (%= PLGA) 9} k&g
olejA o7 E3E Algore PEGS) pioglitazone?] 7 H37}
B = ghde] et ok okEo] Bedd valks 5% A
Bolxe vl 39S EeAL Sl PEGE) 7, 938t wEE
pioglitazone®] 54 4§32 EHR] YTt 1 o)+ eF=ol
u)Al itel] Belele] A4 PLA (R PLGA)$F 37 7439
AHIE o]Fo] EFE S F1E 5 Sl

ool Xt 37| ¥ Fel. 78 Aeld FAE ES358A
e o] vlale] 71 SRERPI(DLS) ol 2Jsked S0
PEG-PLA °]% 85353 PLAEARC] ulet v)d 9719
2Jo1Z Holr PEG2K—PLAIK?! 7% 17.7 nm, —PLA2K+= 14.0
nmeo|™ kS H9Jsk mEA} ujde] 77)= PEG2K—PLAIKS!
79 19.8 nm, —PLA2K3=55.2 nm& SA9SIck o= 274 PLA
IEe] o F55 v]Al 570] uiel] oFeg 9XE 4 gl s A
A Hol ¥ B oS e 5 S B0 AlEEtHFigure 6).
PEG—PLA (%5= PLGA) 1324} u]de] <8< tel|x2] ez At
An| 7 (AFM) 2 %3] 2152101 Figure 704 £ 4 Qo] &4
A Ik 2] FefE 7 mae] ol F glo] Al
T8 el QPdst FelE Fska Qs eItk 3 AFM
S Bl FkE Ak nAle] 7R 9] FARE oA BAE A
e} fARgES & 5 Qe

okE =QE. Ploglitazones #1517 S5t W o2 Ak
I} FAHo] ARGl om] okEt aitAke] FAMIE 109, 1119
2 3o H3sisi) okEo] BlE Al wlAle FAAZE A2lw
JAPE AR DS 378 Sallel] 1<l H HPLCEAS

=
&3t S pioglitazone ] =5 S48l BUEI =T

<—— Heat flow endo
o

0 30 60 90 120 150 180 210 240
Temperature (C)
Figure 5. DSC thermograms of pioglitazone (a), PEG—PLA di—
block copolymer (b), pioglitazone loaded micelle (c), and a
mixture of PEG—PLA di—block copolymer and pioglitazone (d).
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e U2 215 o]85te] AT (1), (2). Table 2014 & 4= 3150] PEG2K—PLA1K, PEG2K—PLA2K
Drug loading content (%) = o] B]] wAlel 9o FAHL 0.0710.05%2] ko] ¥
measured amount of drug 100 D HEHo) nA AR o= 2.93£0.76% % 2Fs dlafo] B} 95
X - }
total amount of drug loaded micelle ke & = Ql8ltE B & YA 1.0610.6%014 4251 16%=
Drug loading efficiency (%) = FAAHROE TARAPH A oFE B)lE0] g s Ejl
measured concentration of drug %100 @ kot B3k PEG2K—PLGAO.8K, PEG2K—PLGAL.4KellX+=
initial concentration of drug ok Fto| PEG-PLACIA Hrt} =718 5.67+1.0%0]193, 2]
100+ 50,
80+ 404
§ 60+ % 304
& E
z G
E 401 é 201
20 101
0 T I 1 0
1 10 100 1 o 100
Diameter (nm) Diameter (nm)
(a) (b)
25 257
20+ 20
3 E
S 15 S 151
e =
Z 2 1ol
3 3
5 S
5 51
0 0 T
1 10 100 1 10 100
Diameter (nm) Diameter (nm)
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Figure 6. Particle size distributions of PEG2K—PLA1K micelles (a), PEG2ZK—PLA2K micelles (b), pioglitazone loaded PEG2K—
PLA1K micelles (c), and pioglitazone loaded PEG2K—PLA2K micelles (d) by DLS measurement.

Table 2. Results of Drug Loading with PEG-PLA (PLGA) Micelles

Pio.—loaded Pio. : Polymer Yield Loading content Loading efficiency Method
micelle (g) (%) (%) (%)

1 Pio—PEG2K—-PLA1K 1:9 62 0.033 0.33 Dialysis
2 Pio—PEG2K—-PLA1K 1:19 63 0.052 1.07 Dialysis
3 Pio—PEG2K—-PLA2K 1:9 62 0.120 1.20 Dialysis
4 Pio—PEG2K—-PLA2K 1:19 63 0.082 1.64 Dialysis
5 Pio—PEGZ2K—-PLA1K 1:9 94 3.695 36.95 Solid dispersion
6 Pio—PEG2K—-PLA1K 1:19 80 2.367 47.34 Solid dispersion
7 Pio—PEG2K—-PLA2K 1:9 75 2.725 27.25 Solid dispersion
8 Pio—PEG2K—-PLA2K 1:19 69 2.928 58.56 Solid dispersion
9 Pio—PEG2K—-PLGAO0.8K 1:9 89 6.369 63.69 Solid dispersion
10 Pio—PEG2K—-PLGAO.8K 1:19 91 4.510 90.20 Solid dispersion
11 Pio—PEG2K—-PLGA1.4K 1:9 87 6.667 66.67 Solid dispersion
12 Pio—PEG2K—-PLGA1.4K 1:19 94 5.143 102.86 Solid dispersion

Polymer (Korea), Vol. 32, No. 2, 2008
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Figure 7. AFM images of PEG2K—PLA1K micelle (a) and
pioglitazone loaded PEG2K—-PLA1K micelle (b).

0.20A

Pioglitazone release (mg)

0 10 20 30 40 50

Release time (day)

Figure 8. /n vitro release tests of Pio~PEGZK—PLA2K—-10
wt% (a), Pio—PEG2K—-PLA1K—-10 wt% (b), Pio—PEG2K—
PLGAO0.8K—5 wt% (c), and Pio—PEG2K—-PLGA1.4K—-5 wt% (d)
in PBS (pH=7.4); the loading amounts of drug were fixed to
0.5 mg for all samples.
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