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pL-Lactic acid®} glycolic acidE &} Sb,0,% 34}F2] pL-lactide2} glycolide S §HAd 3kl 0w, 0] 5-8- 72} 70:30, 80:20
2 90:109] v] 82 4§53 3} poly(pL-lactide-co-glycolide}PLGA) Z-E3AE A3ty £l - 3f3bd BAlS wast
g}, =3 PLGA coreol| clonazepam$- 3-8 v ATAE A|2ste] L2 AL 28 (Drug Delivery System: DDS) A
Az 138 7FsAS A BT PLGA T3-S S, &5, A7, S 5o} 278 e A, ¥
2, =3 5ol ok 2A4E 7 FRAE s =3 B4 ub el o8] Solsta FUI =7]2] PLGA v
£2TAE Ao, o452 loadingok-e Zk7} 254, 23.4 & 223 %%t} 2§ PLGAQ] ¢ A|v) A5 % (critical micelle con-
centrations: CMC)gt2 Z+z} 0.049, 0.046 ¥ 0.033 mg/mlZA] o]+= 7}z 5.15% 1077, 4.10x 1077, 28] 37 2.40% 10" " mole
ol sFE = Fholct. In-vitrooll 4] FEWEAYE-S g A3, FEHE] 2 &EE A7He) Wl PLGA(70:30)>PLGA(80:
20)>PLGA(90:10)9] <=4Jict. weba] QA2 72A1Q PLGAE 2w XA 9 Ve E 378 z2H: v)4
TFA2A 2] 3-go] 7THH}.

Abstract—DL-Lactide and glycolide was synthesized from DL-lactic acid and glycolic acid with Sb,0.. We investigated
the physicochemical properties of poly(bL-lactide-co-glycolide)(PLGA) synthesized in the ratio of 70:30, 80:20, and 90: 10
from these dimers, respectively. Micelles containing clonazepam in PLGA core were prepared easily and in uniform bulk
by dialysis methods. We investigated its applications in the drug delivery system(DDS). PLGA properties could be ob-
tained variably in viscosity, average molecular weight, and melting point by copolymerization methods under different con-
ditions of catalysts, temperature, reaction time, and solvents. Micelles of PLGA were made easily and in uniform bulk by
dialysis methods and its loaded drug percentages showed 25.4, 23.4, and 22.3 %, respectively. Then the critical micelle
concentrations(CMC) values of PLGA were 0.049(5.15X1077), 0.046(4.10x 1077), and 0.033 mg/ml(2.40x 10 " mole). In
vitro drug release experiment showed the release time of drug delayed in the order of PLGA(70:30)>PLGA(80:20)>
PLGA(90:10). In short, biodegradable PLGA was prospected its applications probability in the micelles of delayed-action
drug release and nanoparticle units.
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Eokell F FAE n2:AF) 2 et A A AAH e o) g ol AALHE ZEA}F FellH = poly(pL-lactide)(PLA), polyglycolide
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£ Eejoll2eAY Rt QAU ke FEHZ Uz mE
Ztel] vl B} fo|3A| BillEle 5422 sl ofele] A
Aol vlsl 7w A8k} 1= o) 2 ks
2.2 AAngAL S s A 2] 5, A, BN,
43 5o 4FAE APHL8]. 7IEslle a4l flol® dold
F 9lon, BalE& e JHes] 849l lipase, clastase, proteine 5
o] Ex& 7% BN Fristy, i FA Rk 42EA Sl
A Z718 oleldt BAlE F9-3ke AR RA = Bshrx, AAs)
=, 224, Ak A, 2 X 2 FEE ] 9% 5ol o)
o0, 2SS 285 AL4He S vt A 54
W AEANE HE 4 ATH9-11]. 53] PLASH PGA= AAA 3§}
A, AW w77, oA Ao} XA EL AEA, 71w HaA
5 AR TEAEN 87EE S 7RI Q1S Bt oy
2} A5 7bol HbHQ S A3 9le], o] 5] FiHl= ukex
Zef| v} chofst B - 3t 548 Jepic12-14]. o]=idt A
HEL o] g3lo] FEAHLDA AR (Drug Delivery System: DDS), 4=
<4 3 ped S AR, REAE 5 A s}l
oAA AFEE R it 2, GFEAGAIAHCd s FAE
W, 7HAEA, R, AR 52 Aol & dHLE 3l
P AFAES B 7= o 7FsAC vlE ARz A4
3 v’ A A del 3 glri15-17]

A FHAA 2JeFE9] clonazepam, lorazepam 52} benzodiaze-
pamA| %FE-& HAEa}, AEAG L3}, BEA] Sl AHEE 2 Q)
Lo, #ale AFHLE X8l 87 E Azle] 28 Hejw %
27} A8 A2 eE Bk ol | Bgo2 QlFh oF
E2 spelfe = A A4e AP ES o147l ek wet
A RAEA) FHR I 3 PR o2 MG O E
ol 2807 7 GEY EAS ] Y3l GH3] Aoz A}
£5E Fol7] 9 W Eel FE3] wo= 2 gk a8y, oA
3] benzodiazepam#| 2fEo] BAIAQ X BAZ AMLEHA e A
Aol Al X Fol A== S AW w7} gol Al
A dodle H] BFeTolA X 83t ol B ole,
olelqh &L ubzly] wlol B} wIHg Foi& 8737 3l A
2E U% A s ot aebr] Hgeke] Feol Ak A
H FAYFFEE FX|A17]+= DDSE o] £§ oFZo| AAS) 8 F
=i glch.

2 AgelME= 7129 poly(pL-lactide-co-glycolide)(PLGA) 43H
[11}& 7WAd3}e] pL-lactic acid®} glycolic acidE Zvj Sb,0,2 A+
9] pL-lactide$} glycolideZ FA)3}sic}. o) 58 7} 70:30, 80:20
2 90:109) &2 §§35¥3te] PLGA T2UAE WAshz 22
- 3}etx] BA1L8 73slgin}. PLGA coreell clonazepamg- -3l
U &TAE AZsle] DDS AlA2e 1 34 715AS et

2.4 H

2-1. A2k & 717

2-1-1. A|<F

Glycolic acid(70 wt%), DL-lactic acid(85 wt%), ethyl acetate S-&
Aldrich Chem. Co.9] E<5FA]2}-2, stannous octoate(Sn[O,CH(C,H,)C;-
H,CH;])x= Sigma Chem. Co.2] S<-A|2}-2-, antimony trioxide(Sb,0;),
lauryl alcohol, tetrahydrofuran(THF)2 Junsei Chem. Co.2] 13A]2}
€ AR3-3}9it}. Chloroform, ethyl acetate, petroleum ether’= Showa
Chem. Inc.2] 1FA|eke AAste] AMgsiadch =3 29 <kEql
clonazepam-2- Sigma Chem. Co. A &-& AM&-3}sit}.

2-1-2. 771

315123 H|35AH M4Z 1997¢ 83

235499 A E

Scanning electron microscope(SEM, Jeol, Mod. 840A)= PLGA(70
130, 80:20, 90:10) v]A=7-A]2] morphology S THaH3}7] ¢35 7} A

E FZ37)¢ £ Z% 0.15Torr & 6-7mA2] ZANA 787+
QAERE £F99.99%) 02 5 ¥5}e] 7HEA 20KVel 2]
3} c}. Gel permeation chromatography(GPC, ShimazuGPC-800 series)
+ PLGA(70:30, 80:20, 90: 108 2mg/ml =2 THFe|| =< 20
ulE GPCell F4], o] 5AF THFS] 2845+ 1 mi/min, EFERE
= polystylene 2.2 s}od 3 FEA}eFMw)S 4HE81el ). Nuclear ma-
gnetic resonance spectrophotometer(FT-NMR, Bruker AC-300F, 300
MHz)& TMSE YR EFEAE 317 0.1gmle] F52 CDCLo
o] 2% a2 3E] 24z PLGA(70: 30, 80:20, 90: 10)°]
An)E ZAsleich. Differential scanning calorimetry (DSC, Mettler
Co. DSC-30)y= fre|dol=(T)E 43171 3] AHg-solen, -10
300°Ce] LMol $4T 10°C/mino 2 A2 29]7] 5ol
A &A33}gic}. Surface interface tensiometer(Kyowa CBVP-A3)= Al
2o A HFHE A3t Wilhelmy$ [18]]] of3) TFAE o=
7HAl =4 chloroform3} EAto]o] HEHel| o] FdAH ol 2
A Adojzl Mg o 2 He] A9 A5 (critical micelle concentra-
tion; CMCRLS AFE3}gdct. UV-spectrophotometer(Shimazu, 2101
PCy= viaTFAZYE Was e o2 & 345 S8 A3
AArt.

2-2. MY U olEWEAE

2-2-1. DL-lactide ¥ glycolide®] 34

DL-lactic acid 100 g3} Sb,0; 1.3g-& AFF-ZelA~Te) Y v A7)
Falolla] 120°C2 SN P2 AHES) LEE 180
‘C7HAl €8 5mmHgellA] 6417k BkE-A17] F o] k25 8 250-
260 °C=. 22]2, 0.1-0.2mmHgel|4] dimerizationA}# 7|3 ok}
pL-lactide S it} Y 2L chloroform>} ethyl acetate 2 }ZA =
g oS SAAZS ] 453 W9 pL-lactide(mp 98 °C, DSC peak
point)g @i} €3} pi-lactides}t F-AgF WP o2 A sled glyco-
lide(mp 83 °C, DSC peak point)Z 2¢]c}.

2-2-2. 3534 PLGA(70:30, 80:20, 90:10)%] 34

pL-lactide 7.0g, glycolide 3.0g, lauryl alcohol 0.1g % stannous
octoate 0.3gS& AbFEetATo] Y ALT|F3jolA v 2r g
200 °C2 3] 417k 52k ubEAIZTh 2ol YA E-L ethyl ace-
tate-petroleum ether E3-8vj2 353 ¥ FZAAF 3}l PLGA(70:
30) TEEAE LA FEEAL] ¢A4u) 7} 80:20, 901102 HS
= Soh 22 wod JAsle Zpzt A3 24 A PLGA
(80:20, 90:10) FFFAE L cH(Fig. 1).

2-2-3. ZFFA(PLGA)ZF-E] vl &A1 Az

PLGA(70: 30, 80:20, 90: 10)3%} clonazepam®] )& 2:22 1t
£ o5 4204 DMF 4mlel] §3)AFth o] 4] efEo] o}
UE LEAEAE cellulose FHe P& F ZF50 JRAA 24
A7k E<k 4381t olw] DMFS) vl atAlo) hse] QA &
<+ 42 AAHNL, o) & FAAZRSY vATAS At

2-2-4. FEUEAY

w273 4mgS- pH 7.4 phosphate buffer solution(PBS) 37.0+0.5
ColA 100pme] FUEES FAshon YYE Azbobch sam-
ple 848 #3}2 sink condition& $x]3}7] $isled Fula Eape]
PBSE #7718t} Al#9 A8+ millipore filter(pore size 0.2 um)
£ £3}4]71 ¥ UV-spectrophotometer 2 34 306 nm2] F<=-2us}
ZelX PBSE dE2 3t 2 FFEE 343 4 AYL o)
o} 22 FdF W e R 33] AAse 1 YFAZHE ofEE
& A3l
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Fig. 1. Synthetic route of poly(DL-lactide-co-glycolide)(70 : 30, 80: 20,
90:10).

3. 338 Y 1@

3.1. FT 'H-NMR ABEZ &N

DL-lactides} glycolide 58] £34M-3-A17# A= PLGA(70:30)
ZEAE 'H-NMR A9 e8] $4wA0]q 2)3pH 1.55-1.89 ppm
2 2ol 4] vpehd peaki= methyl group(-CH,)H 2] 3Hel| 2] A=
71019, 4.67-4.91 ppm H-ZellA] L}eld peak+= methenyl group(-CH,)
2] 2Hel 2jsf A= 722 Hol 70:302] v&2 FA=HAL-S
213491 th(Fig. 2). PLGA(80:20)8] -$-= 1.55-1.61 ppm 3ol 4]
-CH|¢) 3H7}, 4.72-5.00 ppm H-ZellAl= -CHRe] 2H7} 8=
AL S Bof 80:208] u]&-2, =& PLGA(90:10):] A$-% -CH
2] 3H7} 1.55-1.60 ppm ¥4, -CH,W2] 2H7} 5.14-5.23 ppm H
24 90:109] ¥] &2 A= NSE FAE 5 At

3-2. @2 - HEN By

A E [N} PLGA(70:30, 80:20, 90:10)E chloroformel] Z}z}
o] Ubbelohde A2, F-FEAH(Mw)e- THF golloll 35 GPC
column® 2 £A3tglct. =3 feldo| 2=(T= DSCE -5}
ZAsiglen, 2 AHE-2 Table 19} 2}

dubg e wiAhs A FHYr e TR v 2
AAdols, meate] AL K o2 dFAe] 7= F a7

T T

90 80 70 6.0 50 40 30 20 10 00
PPM
Fig. 2. FT 'H-NMR spectrum of poly(pL-lactide-co-glycolide)(70 : 30)
in CDCl,.

Table 1. Properties of PLGA(70 : 30, 80 :20, 90:10) in inherent vis-
cosity, average molecular weight, and glass transition tem-

perature
Copolymer [Idvgy? Mw” TO)
PLGA(70:30) 1.288 95,000 45
PLGA(80: 20) 1.514 112,000 48
PLGA(90:10) 1.855 137,000 58

“Measured by Ubbelohde viscometer, solvent: CHCl;, con.: 0.2 g/dl,
temp.: 25 °C. "Measured by GPC, solvent: THF, con.: 0.01 mg/ml. *Meas-
ured by DSC, heating rate: 10 °C/min.

Zo]| 93 AR} & @k TR} At Aol 2
Z A#7)E T3] Y= Aol AAAe] =, widE e 3
g Fretx 277 gAY 5% YAE o) wErE 24
3ler) sy, 5 g2 A" IR 94 AR st
Zradch pEApe] AAI T} S9F s, U, S5 o] Folal
o} AR s eIt 2 TER e AT A He] 23 ExlaE &
FAol Atem g Fo] R3pio] Ym Ao} HEAe] Fong A
=] o). A EXEES] ge|ani]l A$ols A E=HA
T SRR Aol A FER] ded] ol 4 Aj 2
L BRIt £4e] =] wiio g Augl) w3 XE AAA 1
B2l i3 MEse FAREERE A= ARyRo i
o} o]33 TR AAA 0] E AEAUSE &5} 8]
th. @2}x] PLGA+= random FFA 24 F3=Ql whE-v327} 4
AE 3 B3 s ks, Zhzke] kAl PLASE PGAC]
vls 7128 =7t w2 A Zs=cl. PLGA F3hkse] =44
3} & B e, A S0t 59 A9E 71X 2 stannous
octoate Zf, EA}2F ZH A<l lauryl alcohol, HF-2-%, HFS-A| 7t &
2] Aol o8 M=, ¥R, T, 59 bkt A4S 2 3584
F 45 4 o] A7) 7sstsic)

¢

3-3. kEaas

k2 A PLGA(70:30, 80:20, 90:10)9} ekgo] Zau)7} 7t
7} 2:28 AxH waTAe g HaAs] a4 SEMoz &
Q1F A3 A 7o) 1.2-22um XS] FUI =719 wlaTAGL
o, PLGA®|| 4] PLAS} PGA2] @afn)d]| & v] AT =7|= &}
o] Bolx] ¢skrh(Fig. 3).

PLGA(70:30, 80:20, 90:10)y= A$A7)9 24475 & oF
Ao FFFAZA ARBA L] EAE 2]} o7 B4 A
2 2N A AT AT e R B&lA] A2™ v AT
Ae EFLE wiFgsle 484 FA717F 254 cored A
FZ2 =9 glrl. PLGAE glycolide )7} 722} F4flol Qoja
Ex3l] PLA A Bt & AH3E X 7Y A2 =y
EZ -CHot AR ng getd o g 31448 uA o). 2 454
o] A= zto]of oja) AAZFAIA e} 2L AFL B v ATAE §
s =l Ao AbaEcl PLGA(70:30, 80:20, 90:10)°] CMC
Z2 chloroform} E-Ale]e] A& o] iz o4 o
Z WA o 2 HE] A& AT Table 29} 7o) zhzh 0.049(5.15 %
1077), 0.046(4.10x 107") ¥ 0.033 mg/ml(2.40x 10" mole)3]- <+ 4=
1At Fig 4= 9 4ATAE o2 FEo4] plotdk PLGA(90:10) 3
A CMCglelr}.

FEAHLAQ) PLGA(70:30, 80:20, 90:10) 7|AF ©] Aol
T2 B9 loadingke 747} 25.4, 23.4 9 223 % 3.2, poly-
glycolide®] ¥-f-Fe] Z713}ell whe} F loadingoFo] Watel. pH 7.4
PBSE ©|-83 in viro FEEAY A PLGAE T4 ¥37} 4
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Fig. 3. Scanning electron microscope of micelles prepared in the ratio 2 : 2 of poly(DL-lactide-co-glycolide)(70 : 30, 80 : 20, 90 : 10) and clonazepam.

Table 2. The critical micelle concentrations(CMC) values for the co-
polymer micelles

Critical micelle concentrations

Sample .
Surface tension(dyne/cm)

PLGA(70 : 30) 5.15%x1077
PLGA(80 : 20) 4.10x1077
PLGA(90: 10) 2.40x1077

drl & vl4a7ArE Ao s FdsA 8, g, Aok oA
7t At webd] FEL FHAA R it o3 uhEE =
75 Helth PLGAS} oFE9] F3u]7} 2:22 A zd miATAR
HE ofEEe] A&E= A7k W= PLGA(70:30)2 7397}
4591, PLGA(80:20)2] 7% 41, PLGA(90:10)3! 7% 34L& B
ol on, eFErlEake) glojAl % PLGA(70:30)%) 7-%7} 87 %, PLGA
(80:20)2} PLGA(90: 10):= 747} 94, 96 %5 B %ich(Fig. 5-7).

Fig. 8& & Ao Azd mATAZRES] FEYE AES
opgutEal of A7k AIFZ(")el Hal plotdt Zlo|th. A7k A
T2l ol FEEe] 27 A4 WAE Jeple AL
o &TA2RES] EEe] A AL sy, =3 =
A W}2¥ o4 275+ sustained release pattern-2- veRHg]ch.

ole} 2 Azl 4l PLAS Altid o2 e 7lrke-

27.90

27.75 +

27.60 4
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Interfacial Surface Tension(dyne/cm)

27.15 4

27.00 T T T T T T
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Fig. 4. Interfacial surface tension of PLGA(90:10) against concen-
tration of PLGA(90 : 10) at the water/CHCI, interface.
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Fig. 5. In vitro release profiles of clonazepam from micelles prepared
in the ratio 2:2 of poly(pL-lactide~co-glycolide)(70 : 30) and clo-
nazepam.

PGAS] §H-f3Fe] Wislr} vlaT A9l Ao vzl F3 foz
Az}, PLGA(70 : 30)8) A47) 294 cored IR Q=
PGA7} PLGA(90:10)3! 7392} Po} FE-& WE3l=d AH
2.2 AojHe] Frislct. uhebd wlATA He B A4F R
Aol & 71H 20, PGAE 714 ol 7IX& Sl PLGA(70:30y7}
FEHNES X AAT]= Alte] 71 ZA B deeg QR
E3] 2 Aol PLGA vlaT Al g M2 Ax: A=s)

100

Cumulative Drug Released(%)

0 T T T T T T T
0 10 20 30 40 50 60 70 80
Time (days)
Fig. 6. In vitro release profiles of clonazepam from micelles prepared
in the ratio 2:2 of poly(pL-lactide-co-glycolide)(80 : 20) and clo-
nazepam.
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Fig. 7. In vitro release profiles of clonazepam from micelles prepared
in the ratio 2 :2 of poly(bL-lactide-co-glycolide)(90 : 10) and clo-

nazepam.
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Fig. 8. In vitro release profiles of clonazepam versus square root
time from micelles prepared in the ratio 2:2 of poly(pL-lac-
tide-co-glycolide)(70 : 30, 80 : 20, 90 : 10) and clonazepam.

717} 71&29] w3} wj sty B} golsla, FUF} A2 A2
4 ol& Bt ope} oFEe] ) tES oAlsE WEAZHE
2 AAFE vlaTFAlER YxTeF =78 Z DDS AAR
228 7S A 4 gl

4. A 2

B A el 4= pi-lactide®} glycolide?] v]-8-<] Z+2}+ 70:30, 80:

20 % 90:10¢] poly(pL-lactide-co-glycolide)(PLGA) -5 A& A
stz 22 - 33hd BAS nAssich 294 4EQ clonazepam
< F43h= PLGA P17 A& Alxste] GE-HLA| 2~/ (Drug De-
livery System: DDS) A4 22] 7 -4 715AE ZAES F9 o
3} e A& Ak

PLGA Z§uhg-o] 273} Z stannous octoate, lauryl alcohol, ¥t
225, BRgAIZE 59 A= faA A=, ¥A13, fElHelex
(T) 59 gt BAS 7 S8 48 4 2o

PLA7} PGART} 1 7} 254 5AE 23 e 334 A
A& o] g3t} B2 coreoll 3= vlATAE AlZ3loloH,
PLGA(70: 30, 80:20, 90:10)%] QAU e (CMC)E-2 242t 0.049
(5.15x 10'7), 0.046(4.10x 10'7) 2 0.033 mg/ml(2.40X 1077 mole)3}
c}. B DAl PLGASH oFEe) Fajm|7] 2:22 Alzd #ATA
2] o}E loading®FS PLGA(70:30)2] 7-$-7} 25.4 %, PLGA(80 : 20)%}
PLGA(90: 10y 747} 234, 223 %52, k&) Ald= = A7k
9= PLGA(70 : 30)>PLGA(80 : 20)>PLGA(90: 10)2] =it}
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