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Effect of an Excipient on the Formation of PLGA Particles Using Supercritical Fluid
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ZE8: & A7odA= 29 A aerosol solvent extraction system(ASES) 3742 ©]-8-3}4] poly(lactic-co-glycolic
acid)(PLGA) " H A& A2 317] $13l H 714 2 hydroxypropyl-S-cyclodextrin (HP-3CD)E AH-8-3F4 21, HP-A-CD
o] A7h#Fe] PLGA 4Ate] &7l miAl& |5 ZAbskdth B3k 3FehAlQl sEejgdo] gy d rHaE Alx
sted HP-4-CD9] gHell wh oF& W& 54 9o MstE #3131t PLGA(75:25)8] 7% HP-ACDE IEA 5%
T H] ©F 40%7HA], PLGA(50:50)°] 73-9- ¢F 30%7HA] 718t o v A7F 4 = o™, HP-ACD2| 3 7ol
olEtt Y A& 7f-ol= PLGA7E A& FH= G = s= 2ol 59 ¥ PLGA/HP-A-CD v @A) 7
- HP-4CD®] o] T7Hael] met o whe S5 2 oFEo] EE S ST 5 At

Abstract: In this study, we employed hydroxypropyl-S-cyclodextrin (HP-$3-CD) as an excipient to produce
poly(lactic-co-glycolic acid) (PLGA) fine particles by a supercritical fluid process, called aerosol solvent extraction
system (ASES), and investigated the effect of HP-£-CD content on the morphology of the particles. The influence of
HP-4-CD on the drug release characteristics of paclitaxel-loaded PLGA particles was also evaluated. Fine particles
were obtained when the HP--CD content in PLGA/HP-/-CD mixtures was greater than 40% and 30%, respectively,
for PLGA(75:25) and PLGA(50:50), whereas a film-like precipitate was obtained for lower HP-5-CD content. The

release rate for paclitaxel loaded PLGA(75:25)/HP-/-CD particles was found to increase with HP-4-CD content.
Keywords: supercritical fluid, PLGA, cyclodextrin, fine particles, paclitaxel.
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o] FAE-& Foli 55 B EHE Fhstslr] 9%
2 e R A IAAIA Y Yl who] AR
A715 7= JAE Axst o] &ste At
FE A 9 A 2% (polymeric drug delivery system)ol] 33t
B A7 AP AT o] T =] A& W= Al
Ae T2 254 ALEA s SYste] oY W&
L2 Alojsle 7leEA A R8s 7=
AEATE FE oG H AL T

AR FEAEA LT o] Az o] &AL U= FHA
AEAZE= F=2 poly(lactic acid) (PLA), poly(glycolic
acid) (PGA), poly(lactic-co-glycolic acid) (PLGA), poly(e-
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caprolactone) (PCL), polyanhydride, poly(ortho ester) &
ATE? 1 FollA 53] lactide®t glycolide®] 35391
PLGA+= FDA (Food and Drug Administration) o912 8H
AR AR A BEA ] S lactidet
glycolide®] v o} ExtaFe] wet st Bell&EE
7HA AL 9lof 7HE e o] &H oA AL St

A el AFEHe LA eSS 93 e
2wl g date] Alx WRlerE fitd GRS T
b= shehAdl WS ©d 2 o|Ff3h, S,
Wiz, Braxy 59 294 PHES
o5 7]E WYX LA Eoll gk e 8= wEel
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FEHLN =TS Flolel A&7P5R 87354 oA 7]
< 2A YA F-A (supercritical fluid)E ©]-&g 132}
Az 71 et B AF7F 2d] g ok
ZAARAE o] &5 HFA YA Ax WPEREE =
AAFAE &, &, E= &2 o]&sh=rfol upet
RESS (rapid expansion of supercritical solutions), SAS
(supercritical antisolvent), PGSS (particles from gas saturated
solutions) 3 F o= U= F St} o5 W 5 §4o] &
s gl el Z2UA A7 vl = ] &= = SAS ¥
o] 71 Eol o] 8= o™, SAS F4-2 aerosol solvent
extraction system (ASES) H=+= prec1p1tat10n with a compressed
antisolvent (PCA) 34 22 % & A St} o] HHoA ¢
A= &80l &3lE &S v =& Eﬁﬂ Z9A FA 7Y
;‘(H_Orpq HW-&-7] H%fi—i BALE o /@Hﬂ w4 BA = io]ﬁ]
fARke] 45 BRG] o8] grle] §2o] Tt Solw
g 9 849 HEs WA o5 Azs) Ak
A3/ LEARR] poly(L-lactide)(PLLA)E SAS 3785

o] &gk H A YRFe] A Zol| B2 AF7t AR gho
1 g 2 AR A REAR oFE AEAE '
o] &% 3 U= PLGAS] YA Axe gt A+= 53]
A BaEa . ol FZ4 %A (semicrystalline) 32
2101 PLLAS] 7% =4A -8v oA w24 HHd

Al

7] wji&el YA FAgo] & o|FAAR Y, HAF A i
A2 GH X PLGAS] 3¢ 2UAl olrtstgad ofa) 7}
23t = 545 7ML o] 2A 8wl WA #7]
S el 2AA ol ibsterAo] Aol o8l 7HAste of
uu}Eﬂ] "76333;]_5]1] Eg],y] Lq] o= olg;]zq 011:]-1314

A AR Gupta 52" SAS FA O 2295 483
SAS-EM (supercritical antisolvent technique with enhanced
mass transfer) H-2 ©]-83}4] dexamethasone phosphate”}
g€ PLGA ¥AE Ax3deH, Pu 5&'° SEDS
(solution enhanced dispersion by supercritical fluids)H 2 ©]

&3t PLLA/PLGA A9 S 58 dxE A7
?%4?} vk 2l

2 AFoM e 2UA oS RAE GEE o] &sl=
YAz B 5 ASESH S ©|&-ste] PLGA JAHE A=
3l7] Y& Mola =Y 2 E H(eylclodextrins, CDs)g 37}
A&=A ARSI CDse 6 WA 871¢] =2 AHE©]
ﬂ”oi OIWEM PA A SoldE AYe A EAE
el Aol Wt o, B, CDE 5
e %@P 1?4?1— AU CDse 253 Ag=rdl o2t
a-CD2] 7% 4.7~53 A, FCD2 7% 6.0~6.5 A, »CD2
A9 75~83 A9 747 g2 =7]9 WH FE(cavity)
AU

CDs®] Wl= Fad et o =H= dgos <3}
257 5L 7, =] 9FE =2d C6 91
AE 471 (hydroxy group)Z 13le] Ao Ad =&
F AYAL ATk ol g 23 YA Fold 214
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24 FAO A AL s ARE St thks A5
A EZ3 53 (inclusion complexation)S &A1 5,
AE, SHEE 2 ooE T ot Ak foke A o] &-F
U= R

CD(host)e} ZHEFAE Fdste &7 o EL
(guesty> CD &5 W] &5 FE3 &5 2%,
van der Waals A%, 424 % 3 CD 3% We| zofuA|
22pe] e ot oA A 5o #HE 5o a2

THREAE IG5 Bk

CDSFe] THETA IS B4 84 3 ¢ &
o] F7F HHoR W AF7F =] git) o|FA
CDSt THEFA S T + A= 2748 9% =22
AEALTFE] oFE, A5, SEAEY ofYgl aitat, T,
Hetol o} 2 yEAEe] E4E et 53], MY
IEZR] PCL, PLLA, poly(ethylene glycol) 52 IZEA=

D9} EREFA & WA R 23 Aol e 2RAs CD)
ZHUGAES ol g3 oOFE WE Ao} A7l oFEF CD

FYRPAE TRA) BY] BAED PEEES A
olehe AFE AAH T Yrp 2

olef B Ao r = =UA ASES 58S |83t oF
EAGAE 7P Bol o] §H A U= PLGAoﬂ HP-ACDZ
A7rste] mA YAt Az tigk A5 FaskiTh 35°C
o] £%9} 8.5~15MPa®] tEZR7NA AHL S35+
o, 7 F7°] PLGAY| tiste] HP-ACD 71 ®ishrt
PR Aol mR= TS AT e Al
g2l ede] SlE MYAE Axste] HP-ACD H7HE
wsle] W& o7 WE 54 BstE 1 EE
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ME. & AFoMe F T/ PLGA(75:25)(L/G=75/25,
inherent viscosity: 0.55-0.75 dL/g, Lactel Biodegradable
Polymer, USA)®} PLGA(50:50)(L/G=50:50, Resomer® RG
504H, Mw 48000 Da, Boehringer Ingelheim, Germany)<-
ALg3FF o, hydroxypropyl- S-cyclodextrin  (HP-4-CD,
Sigma-Aldrich, USA)-2 4.0~6.0 H %] 2] hydroxypropyl group
2] 8+= (degree of substitution)E 714 = A S AFE-3 T
8 FEQ FF2] g4 (paclitaxel, Samyang Co., Korea)

L& ol T Z=7)1A 0] A 9lo] o]_Q_g]_ 2tk 294 SA R
99.95%4 AYE oitstgas AR H, PLGA
o} HP-pCDE £3lst7] ¢t %EHE HPLCH2] N-methyl-
pyrrolidone (NMP, Sigma-Aldrich, USA)2} dichloromethane
(DCM, Fisher Scientific, USA)S Y35t o o] AA|
glo] AH8-315i.
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FAIZEe] E 31 (miscibilityy> 5-2.3F otk 7180 <2k
29 A o|AslErAO] AFS z]g]./\ ZRo Ny PIHe A
HPHS o] &3l THS U 220 A o)atslekA o &



Zlol ek LB o) @ et ) Sist
of Atstolo] HHULE AHEHROM, RAE] B F
2421717 Sl3ke] Vol Bl EukE o] §5}e] kst

$u) PFE 2 e QYT §HE thr19 Fehe A
stolo] AREo) ¥ 7] ol 1% F olserag
Astepe g SgsISek ol Alsfolo] e v
o)X f71801e] ol WSlE U o} 23 4 91g

7HA] 71StEI e, ojuf Fu] FA T = oF 800%
Atk o] akgleka slgte] e guje] RulE o]tslerast
LujE A1 7F S<F wRkETHA HEAEH S X3 & 2o
3} mo)= =4 }oﬂ om AA oA o] W2 &

_;
B9\
=

mjo] 73 BFEE ol Foi7] Ao 2RE AHAT
TG A= (%) =
Fol 2l hH A Guh 1] — ) e ol M g Ry

715t e ol 4] 8- off -3

OJM Xt M =. 200 mge] PLGAE 10 mLe] NMPo|
£33 3 t2 2] HP-BCDZ PLGA £ #7135k
50°Ce] ZoutzolA 4x7F Mgt § o=z Wrtst
Atk F7]1 8 2 AFEE NMP9} 2 A o] AkslerAsgte]
TS FEATN7] Sl NMPeF B 4] DCMS A
7¥ste] &9t NS Ax3k - ASES WS ol&ste] 9at

2p Azl A7 7}

A= 9 3

[}

2 Aol ALSE 297 f4] ASES S A el
NEFEZ Figure 19] JERPoH, oA el Ble}
Zro] ASES #Ae A AEje] o|istetAs FFE]
_?,]-6*]- j/__ot]- .J:]J.L ,Q_on‘q zo] u] 22 9 7 1_;3;6]:
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H 5T
Azl *P%% O]’&i}‘% <} %UH = TE] at7] ¢
TOE FH O]U]' YAk @A) o] FoA = ALY A
7= AgelA AE 7 U&= Atgtelo] =5 3 st
HE 32 5 A A=A
AR ey o] olikstetae HA| 229F HEZ(high pressure
pump, EL-1, Lewa, Germany)oll €3] 7}ts]7] A 7)4]
Bl o] A (cavitation) & =] 3H7] f18f 0°C o]tz WY7t= o
), 3%k Hzol] 719k olitstekae FeE 24 7] (back-
pressure regulator, 26~1700, Tescom, USA)Oﬂ o L E=
olE o 7 ZAHHEY I o7 oﬂod% & 9}t ;33] d7
Faor dA&HoR I QoA Az &3t
|He f FAFY A #E Z(high pressure syringe pump,
500D, Teledyne Isco, USA) &3 55, 38 ==&
aﬂo“fﬂ T 2719 Aol AEE WA 127 um 2719 =
Fo) 297 oldshEe Aoz A%Hog 9
(droplet)—o— PABIA A o] YRS FAdsHA ot
EFEAE FF] Aol I WFE B EH=E
FA B EFEN L] FH Al =F WollA 2UA o]kst
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£ Az olu HP-ACDE L¥AF 53 diHv] 30~ ot JEFS T3 A S AAHe] flal 3§
200%¢] W92 H7ksiee. g 2Ea) A EREell ALH v &0 F BF
Section 1 Section 2 Section 3
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___________________ Section 4 |

Vent

1. CO, cylinder
6.Sampling tank

2. CO, cooler
7. Rotameter

Figure 1. Schematic diagram of supercritical ASES apparatus.

3. High pressure pump 4. Air chamber
8. Dry gas meter

5. Precipitator
9. Syringe pump
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].Q.Q guﬁ_ zol ] 7] o] %0
T E X &l B Oﬂ*i Ol*-@} 9] ZHqtel] whet A}
WAl Zejok 3|7t o] FolA =S SIiTE 2YUA ASES
7S o] &3 PLGA/HP-4CD2 °‘x} AZE $3 o)t
slebie} T899 §452 20 gming | mL/minS 2
27 ske] ARSEE o, 35°C] =9} 8.5~15 MPa®| &
A A= Axsk

AXEY B4, 2UA ASESHS o]&3te Axd
PLGA/HP-BCD Ao 3|82 T Ed-8de] +
e} e wE PLGAS HP-o-CDO] FAo tiated 3
A7) WA Az & dojxl FA 9 B2 Yehf vk
Az G 27] 2 A4S AAE AR (feld
emission scanning electron microscopy, FE-SEM, JSM6700F,
JEOL, Japan)< &sto] #&stslon, AXFFALE FA
(different scanning calorimetry, DSC, DSC2010, TA Instrument,
USA)Z ©] &3] PLGA/HP-ACD2] -7 H]& WH3}o|
w2} AlZzE YAkl tiske] 20°C/ming] =2 30 °CollA

>

T
2
i‘i
_\9
DSL'
o X
n&
r_>.i

180 °C7HA] 7h23to] A EAS gl

SUEE ¥ YESY. Axd A == T
& oF gmge AR uPAE 1 mLe DCMeoY| 73]
L3271 & 15mL9] acetonitrile:water(60:40, v/v) 282
Artete] EFate] ST o] W A 29 T
o2 FEENen, weld 7F gAFolx dAF3 g A

@ F 045um 497 LHE ol g3k iztstol Axe
Qb ) s2el et g 2A4a.
gZegd g & high-performance liquid
chromatography (HPLC, 600 Series, 717 Autosampler, Waters,
USA)Z ©]-8-3}9 2™, Hypersil ODS-2 column(5 um, 150 x
4.6 mm, Theromo Electron, USA)S &4 AP o2 A-&3}5
t}. o] 5 2= acetonitrile, water, MeOH(58:37:5, v/iv/v)<]
&3 292 1.0mL/mine] F52 2 AFE-SIHM ™, 254 nm
] JJr;%ﬂH o o R s gﬂe Abgsto] shE e o] ¢
Fe vy A E AEFEAS o8t E4 5k
ARl 23 gZF2 A 9] jn vitro E5/3-2 phosphate
buffered saline contains 0.05% tween 20(0.01 M PBST,
pH 7.4y& o] &3t th. oF 5mee] AZxH vPAE 10mL2)
PBSTe]l #£4HA 71 & o] £9S 37.0405°Ce] U 2==
A3} shaking 1ncubat0r°ﬂ =3 120 rpm.‘li in vitro
WE ARSIt A A1 e HEE e S

[e)
R

Z g, A364d A1E, 20123

N

317] 98] 2FEo] wEd PBST £ 9mLE FH 3l
s om, THe PBSTES F71E FH7bste] 53
W& AES AlEsATh AAF S & Fo
AF3 W] HPLC

Soje] £o WHT, B Ao A} AZol AFEH
50% NMP- DCM &mjo} o&nj2 AF&H o]atsletl o]
2338 Hrkshz] 98] 35°Ce %04 o]4kslErA o)
e St mE fvje] iy HFEE FHsNoeH, 1
A3E Figure 20 YERNATE 1A B o] 35°C] &
TolA 7ItE olqtslebAe] FE Ftel ulel gufe] F-3
7t MA 8] Frtek o, A o ool A F4 3] 4 %
e EAT 4= Qo) fuj o] Ful7} o] ibslerae] 9FH
7+oﬂ et S7bshe ol d Ee gEolA &vo
dl == olatslgrie] o] Frtslr] wiEolth Y =
of FH A o]itstgtaole] 313t o] ff & &
TE o B2 G ojitstetart gufof 83)= 7] wiite] &
vfje] B3] gl 4 ﬂt} Ay A3 5 o= 24494
DCMe] NMPE T} U &2 F3 JFES BT 0o
H, o] DCM©¢| NMPX.T} o]itslebaete] x1ste o] o
At A ofm gt

T g7t E%E EHE
=
==

ot

1 Hi oo olN

=]

fo] H3u AYF== F

&

Atole] K3l AT E Ho|3 3t} DCMeI NMP7F &3¢
7% 79 %%Et vro By AAES HOI—E NMP
%02 o]Fdte AL B 4 Adu. DCM2 % 6.5 MPa

2204 800% -] B F
7% 6.8 MPa A4 o4 800%

£S5 Holu, 50% DCM NMP2)
Aol F3 A5 e

o]/d
U ek 49 A742RE EFgule ¥y BFELS
E3tE= F &ve] &3l e F 8] 2u WAE
10004 DCM
—C— 50% DCM-NMP
—»— NMP
— 800
2
T
S
2 600
m
o
>
@
o 400
£
E
(]
= 200
0 -— : ‘ .
0 2 4 6 8

Pressure(MPa)

Figure 2. Variation in the volume expansion of DCM, 50% DCM-
NMP and NMP with CO, pressure at 35 °C.
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o] &3} PLGA ¢

Atololl A Wstel 10 2 o SE ), n]gzte] Azl A8
50% DCM-NMP E3-&1= 8.5 MPa ©]/de] & z71eA
o) AkslEF A 9]_ T Ato] HAH S ﬁo]ﬁl— 2= olq_

Feld|e] AE dnkzo= zo]ﬁ" o|AkstEr A A
g 7S = TR RA A8k dwel 29
o] 2k8}ErA Fholl A HEA}e] 2] o] & (glass transition
temperature, 7,) F== = (melting point, 7;,)> “33ollAl
B} o W3S 7HAAl "tk ASES S ©]8-5te] H]
A% d (amorphous) Z&-AFQ]1 PLGAS] mHAF A|Z A¢S

S Als @er HHAE 35 = o, %] 44
YA A7) ¥, ZY 9]9f offjol] 22 Sh(sticky)
BHE 2ol ATt ol T olfe =S T wFE
A W LEAE &afstr] 98l AFEE 78k o9&
ufQl YA o]iksterAo] E3A 7L 7HAA (plasticizer) =
2-g-sto] AR AbETHe] A AT S kSN A LA
FAH o] o] FoJX|A] LBt E Wl al7] wiZelth. &, PLGA
EYA WE T 2 A olikstetart 7haA] o oﬂﬂo
sted AwAbe] Tk A4t =9, PLGA MlEZ = W=
T3 247 oliksteraof 1Rt w7 PLGA v
Eg oA e uR] @ 2HFet7] wiol wEA A
sh= R Eatar EAEA g FE 2 SR EHA "k dbE,
Marco and Reverchon®]* <1 A3ol|A] A A2 CDe=
2907 ASES Wl 93] Aol & AzxH= AS &
AT+ AUt

2 A3oX = PLGAY PIHAE Alxst7] 918 HP-ACD
£ A7 EA H7tete] 2A ASESH S ©]&-38t w|

A Ajzol the HES Fskvh. 2UA ASES 38
183 YA} Al AolA ol SEAE 2 FAE
AHEBIR e, 35°c 10MPa2] 2%, ¢4 52101]’\1 20 g/min
o| A3}k A& k 1 mL/ming] & o] S 2FS JA S
HP-3CDE PLGA S o] 30%01 M 3E 200% 892
zAdste] m gt Az A3 AFE F3) o} AT

Table 1949} 2o 5= 7}A] PLGA R HP-4CD9
Fol S7HEE BE ngAe] e Frtele AFE B
ol AL .ﬁma 4 4t} HP-b-CD7} PLGA tH]| 20%
o]&t= 747h A5 WA Az2EA] Fekon, JH 9]
258 s A 4Ag - 91‘21% ol= F7}=]= HP-
pCD7} 47 Bl & olst= H7he 735 WA Hxdo] o] Fo
A= HP-4CDE] o] zhaste] f7]8m ok 2lA o]4kst
o] EgFAl ol 7tastEE PLGA ¥4l 57t
ate] AL & o] Foj A A] @47] W E o AlgH

HP-4CD F7Fgol e mgare] g4l 2doiA PLGA
(50:50)¢] 7%~ HP-b-CDZS FEA 3 thu] 2F 30%7}A,
PLGA(75:25)%] 73-%- °F 40%71A H7FatdS o ml=7}
A ZE AT ZUA o] iksteta= PLGAY &3l = o] Al
25 7HesiA 7 54S 7R AL ek AR ARy o] 4kst
a0 galee 1—“%1}9} ojikstetae] 4 ZstH ok
IFEAFL] AR (free volume)dll T & P EFS w7 wfio
PLGA®| &35+ olitslerae] 2 PLGA % glycolide

O

j&

2p Azl A7 7}

SRR 5

[}

Table 1. Summary of Preparative Conditions of Various PLGA
Particles and Their Recovery

Feed T P Particle =~ Drug
Pol Sa o Sh
OV paior  (C) (Mpay  Shape recowery recovery
1:2 82.7 -
. 1:0.7 aggregated 81.9 -
PLGA . particles
(50:50) 1:04 35 10 83.9 -
1:0.3 31.3 -
1:0.2 film - -
1:2 85.4 -
. aggregated )
pLGA  OT o particles 1
(7525 1:04 65.7 -
1:0.3 film - -
8.5 34.0 -
PLGA . aggregated
(75:25) 1:0.7 35 13 particles 84.0 -
15 81.9 -
1:2° 83.2 55.4
PLGA b aggregated
(75:25) 1:4 35 13 particles 83.5 65.0
1:8 84.3 70.1

“Weight ratio of PLGA:HP-/-CD. "Molar ratio of paclitaxel:HP-/-CD.

o] 7k whek hashAl "ok wEbA glycolide®]
3ako] o ES PLGA(50:50)8] 79 1Ezto] &350
IR AREES MRS T E ol bslErAe] o] o] A7)
wf ol QA oAt AE o] &3 YARA| X T A
A7z lJ D o] FH o g A Ty e vgArt
FEE 3 b&* 2 Atz HH, ool thgk 2pA|gE o] &4

(e}

= faide =5 5 0 FAHA A7 2" A
o E /g 7LE]1:].

Figure 3°4]+= PLGA/HP-A-CD2] ¥4 w3}e] uje}
A zE mgAte] SEM AR B olF=3L itk SEM ARl ol A

= A o] AE Tl YAk A5 v & AE
AL dou M2 AAE M EHA FHE 7L AS
g1k = Stk olH 3 A2 HP-ACD Fol 74l
w2t OS5 FElshA Ut @9l YAtEe] AR A4
UEL A I 9] nPAE o|F= A2 F7]18v et 2947
o|xkstetio] E3H-FAlol ©F PLGAZF WEA] A
B3la, A vgat F PLGAZE E&Ao <& oAl
7haashE]o] 9] n|gAtel A 7] wf ot

otado| A, 35°C9 &% X794 PLGA(75:25)/HP-
BCDE 1:0.7¢] v]&=E g stal 8.5, 10, 13, 15 MPa®l
o ®Hsto] ME A} FAo e FFS AESIAT

Astelol QST A2E BARS Fol =2 je
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(@)

(b)

N

Figure 3. SEM micrographs of the ASES-processed particles with different feed ratios of PLGA/HP--CD: (a) PLGA(75:25); (b) PLGA(50:50).

breakup (=& €A AA 7} F52 w A (droplet)o] F/3

= AA)E AT 2 A3 8.0 MPa ©] 8k ]
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Figure 4. SEM micrographs of various ASES-processed PLGA
75:25)/HP--CD(1:0.7) particles prepared at different pressures: (a)
8.5; (b) 10; (c) 13; (d) 15 MPa.
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Figure 5. DSC thermograms of HP-4CD, PLGA(50:50) and ASES-
processed PLGA(50:50)/HP-4-CD particles prepared using different
feed ratios.
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Figure 8. Drug release profiles of various paclitaxel-loaded particles
prepared with different molar ratios of paclitaxel/HP--CD.
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