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Utilization of Supercritical Carbon Dioxide for the Preparation of 2-Hydroxypropyl-
-Cyclodextrin Microparticles and Their Inclusion Complexes with Ibuprofen
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Abstract : The microparticles of 2-hydroxypropyl-B-cyclodextrin (HP-B-CD) were prepared using aerosol solvent extraction
system (ASES) by employing supercritical carbon dioxide as an antisolvent, The effects of various process parameters such as
temperature, pressure, solution concentration and solution flow rate on the formation of HP-B-CD microparticles were inves-
tigated. The HP-B-CD microparticles prepared by the ASES process were observed to consist of agglomerates of nano-sized
(50-200 nm) particles. When an aqueous solution of ethanol was used as a solvent for HP-B-CD, the HP-B-CD particles were
found to be spherical in shape and to become larger as the water content increased. It was confirmed that the micronization of

HP-B-CD using the ASES process could enhance the inclusion efficiency of ibuprofen/HP-B-CD complexes significantly.

Keywords : Supercritical carbon dioxide, Cyclodextrin, Fine particles, Ibuprofen, Inclusion complex
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2.1. A2k 2l X Z2

2-Hydroxypropyl-pB-cyclodextrin (HP-B-CD, Sigma-Aldrich,
USA)3} o] X3 & Hl(ibuprofen, Sigma-Aldrich, USA)2 ]
% o] ool AT o] AFEGRLOB, HP-p-CD2| hydro-
xypropyl group %] (degree of substitution)+ 4.0-6.0 ¥ <]
of 32 FPATh 29A FARE 99.95% £Ee| olAsteie
£ A&k e, HP-B-CDE &3listz] ¢I7t &= HPLCH
9] of|gk-2(ethanol, Fisher Scientific, USA)S G-¢5lo] HFZ A}
geloick ol Rz o] B BAJ0] A olEAke] Azol] Be
gt QIAH}EFH(disodium phosphate, Na,HPOs, Sigma-Aldrich,
USA)T} o} &Y E H(acetonitrile, Sigma-Aldrich, USA)-2 HPLC
Fom istel 27k AATY glo] Astack

22 O0/EXHZE

2 Ao A HP-B-CD u|yAF Al2E 9l AR =4
ASES %2 9] 7jZF=E Figure 19 YEMJATE ASES A2]=
ol el oliishikiss e I 29 4= gl
Foat BAE 08 19 AHER w3 9% FHo| Lol
U= 319F 337, ?JZP P 5 oliksletael Sl S Hefst
7) le £e)x Som pAuoel olek Al Aol o|Ashe
A5 WA 119t H3xX(Lewa, EL-1, Germany) = 3-435}7] Ao
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Solvent

J—

1. CO, cylinder

3. High pressure pump
5. Precipitator

7. Rotameter

9. Syringe pump

2. CO, cooler

4. Air chamber
6. Sampling tank
8. Dry gas meter
10.LC pump

Figure 1. Schematic diagram of the supercritical ASES apparatus used in this study.

7f | o] H(cavitation) o] WS 2436t7] f18f 0 T ofst=
Yot & HEe Wy Zieistolnt Ziekd oliksietaes S
F2] 24 7](back-pressure regulator, 26-1700, Tescom, USA)o]|
o Yot 34 dEor ARG eH, 3 22 JdH
QP HAT Y Ador dAKHoR FFE U
HP-B-CD7} &3l &4 FAY aLQf A &8 Z(syringe
pump, 100D, ISCO, USA)e| ]3] ZaE|gon, 24 exa
oeE & Fa7]0) Atkel A U7 127 ume) =5 F
o 2904 olatsleast A W) R A%Hom 1
AFE|SATE AL e 2917 o AkstEladol A u]xjeH
D PEEEER PERERIEE S T ERE
A olatsfekact gujzie] A5 BRG] ofs) WA 7
zoh B4 Fol YAtEolch SIS FEY W) =3
off Al YA o] itatetaxete] HEof ol AR B = A
= WA f18l 84S 3g3H7] ol HPLC HZ(Prep 24,
LabAlliance, USA)E ©]-&3to] =37t &M1& vlg] 3533
on, &N FA Fo= =Zo] Foldle &A= AASH] #
F

3 4= 1 mL BAsI o]F 119
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A ol RSk SIS AAB] 913) 308 B ALHO
2 54gh 29 ol ABkRAS Bt YAE ALk
A7) Sheel 5 mel B 2 34 PHES FHdtol
FHE Y45l FHHES sk Be ASE §ujt =
QA olisheiiet @7 HA7] Fyel AAE G} HpRE
FElo] Fol s AAHOT Heloh 84t o] FolA
= soiet

2917 o JHEIERAE o] 83t o] L2} HP-B-CDO|

HEA A= A3 Shehatta et al.[10]0] &) AJA|E W
of wa} 10 mL9 %85S 2= SFE-3560 (ISCO, USA)
24A A4 = ZAE o838l A A F olF
Z2H(60 mg)¥| HP-B-CD (200 mg)E 1:49] & H[&= 40
9p2p Apdbo]] W SE FQtb E4fisto] S %, 10 mL 87
o] 7LEg|xJof| o] SFE-35600] A=2kst¢ich 40 Tl 30 MPa
o] 28} ¢ oA 2UA olitatetaE ARgshe] g3
I =(static mode) 2 A 3lo] 4A]7F HoF o] Bz Z H1} HP-
B-CDO| HEJAE A=t & YA oliteletaE 0.1 mL/
min®| F£0 % FeH = 5 2(dynamic) &2 3027k

3 & oAt AS wWEA gr|FoR WESI:

2.4.SEM &AM

AzE Aol 27 @ G AALE AR (feld-
emission scanning electron microscope, FE-SEM, JSM6700F,
JEOL, Japan)Z ©|-&sto] ¥-astgih SEM 242 25| ¢
A5 A Ffsto] 7k Ho| 27} FAbE 4 2F H(metal stub)
of TAHA 7|1, S/ ETE(AuPd) OS2 FTHSE & 15 kVe] A
stol 4 4=ystdeh.

25 HPLC &AM

ERETA Azl ARG o F-Z =M Of FHEE high-perfor-
mance liquid chromatography (HPLC, 600 Series, 717 Auto-
sampler, Waters, USA)E ©]-&3}o] EA3¢Tt o] 2 H-&
Hypersil ODS (5 um, 4.6 x 150 mm, Thermo Electron, USA) Z+
e ARt ZeEakinh ol s eE= 0.1 M w29 4k
L} E &(disodium phosphate)o]] Z3gt Q1AHS A 718l pHE 2.4
2 ZAE% £ 8NT} ol EY E Y(acetonitrile)S 50:50 (v/v)
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o] v &2 315t SN2 1.0 mL/min®] 402 AFL31G 0
o, 230 nm&] oA A H HE7|E AHESte] o] f e
o s vlE] AAH HEFTAE o] &t £
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(1nclu51on efﬁc1ency)E 0]%5}9&3} AL ArE
B3hol] £AIsle % olRzz el ol Do £
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7] 915} CDoll ZHEIA] ghe olRTRAL S
=% T O S SAsA] AlxE 2S5 A 0 =4
She ol Rue] S-S 2457] U o 10 mee] EH
SIS 0.05 mLe] QAANIE F(dimethyl sulfoxide)ol] 23] &
HAA ERE o RIS §E2 T oPEY E(ceto-
nitrile) A 715} Th obH| EY E H(acetonitrile) 2] A7E =
3] HP-B-CD2] A& AT &, o]= 4,500 rpmoi| A} 1057+
Aypeisio] Rz ae] FFL B

[o

o

B AP AE YA oliBEIAS o &
HP-p-CDY| YRS A2 1] 2=, 43, §9 54,

=, o) 24 5o 34 W7 HPB-CD Aste] 2719k e
of ulx ol haf =ASHATh 297 ASES AL of
B YA AR AT 2UA oJABHELY G452 3436 ¢
min® 2 11435}, 35~60 T &% HE|e} 8.5~25 MPa2] <
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Table 1. Summary of preparative conditions of various HP-B-CD
fine particles

e | T b | oo O | s
N 0,
No. | (C) | (MPa) (mL/min) | (%, wiv) (% EtOH)
CD 1 35
CDh2 45 13
CD3 60
CD4 8.3 0.5
CDS5 10 3
CD 6 18 100
CD7 25
CD 8 0.3
— 35
CDh9 1.0
CD 10 0.5
— 13
CD 11 1.0
— 0.5
CD 12 3 95
CD 13 90

QA o] AtsletaE 0|83t 2-Hydroxypropyl-B-Cyclodextrin 1] 2}9} o]

Rrzgato) zHEGA Az 215
&0 S4& A7) S8l a7 =& H7ste] &
z/do] Y& POl vA= FFS AR AHES A =
E AYME oS g2 gt 8 S
EO] JFE 2] Y5 AEE ALst BE AN =
o ) HEE 217} 0.5 mLmind} 3% 138ko] Agis}
% TH(Table 1).
31.2z9 et
U (13 MPa) 27 A HP-B-CD2| YA} A Ro] 1=

& 53*}6 7] $1el 35-60 CO] 2= ¥

Al AR ARAFES kAT 35 T, 45 T W 55 ColA =
A ASES FAol oJs Al2H A SEM AMKl-E Fdgh
HP-B-CD i=}+o] Abxlat §H7A| Figure 204 YeERf It 19
of Al vebdl Axt Zro] 2] HP-B-CD (Figure 2(a))+= 50-
100 um =719] 415 Y} FefE HolaL 9lont, Z¢IA ASES
00 o8 Alxd dAEL &&= A wet Y F27]9]
49 dAEe] AR SHE 7 B EA A4 FHE
LERY STt

AA ol 717k 35 T W2 &m oAl 50~200 nm 7]
o] 1 AL ARE oY, L&t FUHgl et AA =
A7l B Fejol A5l FAAR T AME ERlska
o|e} T2 difo] Yel= ol 227t Skl ukek
74] o|AbshebA o] W7t THA4sHA Hol K7 W&ol
2| ¢Fo] F7Fet vt ofuet 24UA olikaleta: 9] shito|
7] el Fu] YT} I Ho A or
NA W g4o] Bxs} L7t 7HAashy] mo|th k3 &k
S7FR Q) ALY 5A0] STkt A o] AR FESlo]
AAAY st g gEo| F7hste] o 21 B33 A=
FAsHA "HoHis).

1o o> Pu _V.‘_‘
e/ (c)

1oonmu(d) 'S&\Q‘nﬂmﬂm

/Q\

v \>
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’/ %, ;

Figure 2. SEM micrographs of (a) original HP-3-CD and various
ASES-processed HP-B-CD particles prepared at 13 MPa
and different temperatures: (b) 35 C, (¢) 45 C, and (d)
55 C.



216 %7714, A19W A3E, 2013 9

' 100 nm | (b)

160 om | (@) PN o

S %\

Figure 3. SEM micrographs of various ASES-processed HP-B-CD
particles prepared at 35 C and different pressures: (a) 8.5
MPa, (b) 10 MPa, (c) 18 MPa, and (d) 25 MPa.
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A% 2235 T)olA &L 8.5~25.0 MPad] H9]ojA W

SA7IEA YRS Al =3t %TE—%OI HP-B-CD9| %A} &/de]
Foll sl ZAFsHIt). Figure 3-& 247 o] Alslet
& WAIA AT AP YAE2 SEM ARIE Y
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3, o] F7kstel et 71 gujel Hul PAwL F15
A ek webA olashaast gujo) 4E BANY &E7b
F7WHA o] o o g0] ma B3t 57) o] o
2 ol daEol AEn oz FAEA Rokn SHE ey
o AAE P HOHIS) B9 2wok de e Watal A
HP-B-CD Q)42 A|23k5S 1f 35 Ce] 29t 13 MPae] ¢
2 7oA vlaa o] Zbga we) drre] SAlo] AL
YAt FAEY] whie] o] 2AS K 2A0E Mol
O 33 WhY GFS RASHIEHTable 1)

3.3. 8% K40 ¥
w52 F3) HP-P-CD7L Sobglis ofghe §o1g 1et 4
A7) RO 27 olisheia Ao BRE u) §9 4ol

U Bl MR = FFE A $18l 35 T2t 13 MPaf)
ZAANA &N 29 £EE 0.3~1.0 mL/min®] H$jol|lA W3}
AA AL s3It 0.5 mLimin®] & G4 2704 A
%% HP-B-CD ¢J&+¢] SEM A} Figure 2(b)ol| o]n] A A|

100 nm , (b)
) =

Figure 4. Effect of solution flow rate on the size and morphology of
ASES-processed HP-B-CD particles prepared at 35 C
and 13 MPa: (a) 0.3 mL/min and (b) 1.0 mL/min.

st9.onl, 037 1.0 mL/min®] &4 G404 Az Yol
AP Figure 40 LERHSLTE 808 22¢) Sm7p vl we
0.3 mL/min®] ZAo|A A=E Ax}e] AL the] QrjE5o] A
2 SHE AR 4ol BEEo Y, &Y 55 0.5 mL/
min© & F7PAAZ Aol Qxizke] 84 dato] AAE 1t
&% 79 YAZE A E A 7, 1.0 mL/min®] 2
A golg R B Polli Te) xSl FahA SH
232 Yo YAt P AS s & Aok

ZUA ASES F g0l Golls a9t 29UA Al o=
QT U] A S oo UG Ao o] Harw
m], SALE §o4o] A= wuGet breakup)7t HAYBLA Hof ot
Okt‘r]- ﬂﬂg oﬂz%o] -&dA—]E]_‘:. 7—lo§ ‘3—__]'317% 3,1‘2]'[16]. 0.3
mUmin®] Lo §0] f4ol M wES S3) BAE ol
AE w7t FE5] olRAXA kol we] YxEo] At
GA B BT P4 A7 AEH AL, 45 05
mLmin® Z7}AA% 2ol EAbE goo] A= 537}
B fiiesiol 5] A0S Sl BAS LT 7
o] A7 WAE Ao AzbEch HAE §olo) AE ut)
7b el AT 5 dE Rec o w2 gols Ay
1.0 mL/ming] ZA0A= BA7] it §7]80)e] Aej2el
ool 7k Qls) olH W o] Bxst £5st A 5
of Mo SWE BHAY G4 AL FHHE AoR
T ETH15].

o

1
.
1
.

HPp-CDO 35 M3t} it G4 v L
= A7) Sl8l, 35 T} 13 MPao] oA 9 5=
0.5 mL/min®.2 1%3}3 HP-B-CDY =& 0.5, 1.0 & 3.0
mg/mLE W3 A YRS A2k 0.59F 1.0 mg/mL =
=9 gols AHE3] Al =3 HP-B-CD 4AHe] SEM ARl
Figure 5o] LFEFU| 9101, 3.0 mymL =9 A9 ¢Jz}o]
SEM ARzl Figure 2(b)of] AlAI ST

1ol Lhebdl uls} o] oes §o) o] HPHCD %
7k Z7¥atoll Wt kel 2717k 27kt Rl ke 3l
Aol AZE|e. ook B @AY] LIERT o] f- HP-BCD
o] 527} Z7ao] whek gole] Mol Ewglol F7ta)
A Eol © 2 oixg B4els] ahizold. Eal, gole] i
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Figure 5. Effect of solution concentration on the size and mor-
phology of ASES-processed HP-$3-CD particles prepared
at 35 C and 13 MPa: (a) 0.5% and (b) 1.0%.

7} e 9ol ool
sl Baystel EarE § §0] 14
NAHOR o|sol] AUHOR B 2 ot Fch W

o 909 7} e Agelis oo] B4 Aol £310]
Axlo] Qo] o] BWAT FAI) ol FolH e el
golo] 3] o 2 AxtEo] AHHTHIT.

HP-3-CD9] 425 Al =g
S = ARSE o g0 %—% H7stel e S ©sh
A7l Aol A Bl vA= S 2ANSH] Sl 42
95%2} 90% ofehg =8-S §uj 2 ARgSto] 35 Tl 13 MPa
o] A A BHO] & SEE 0.5 mL/min®} 3.0 mg/mL
o2 uAsle] Ay dYstalom, 21 A3 Figure 69|
et ®=3 & AofA] =gt olehe-E ARESl Al
23t 1A+ SEM AR Figure 2(b)oll o]u] AA|E o] Qlct.
Figure 60 Uehdl vie} Zo] Fo] H7lE oe-&S HP-B-CD
o] Gul= ARERF A =Tt oflehES AREEH 9ol Hls|
F o 7 dx7E BAE o, 59 Mol S
ula} Q&) 7|7} 27181} Zhong et al[18]2] ATLo| A=
294 FAE ol &3 dAE AT off Sulo] &5 Mg
A AR Z717F FUhe FE 9] YRSl AAE T At
7F B Qi)

ofgh-Eol &g &9 ol F7ietel whet gk} =717k
Z7kstal ezt FFof 7R = olfe 7k 2= Qb
&1 &] HP-B-CDoJ| gl &3 =l -§-H o] AHAdg o] F7fst

1B
H

mlo
O

e
FN ol

Figure 6. Effect of solvent composition on the size and morphology
of ASES-processed HP-B-CD particles prepared at 35 C
and 13 MPa: (a) 95% EtOH and (b) 90% EtOH.

7] gjizoleh. Z, HP--CDO| So} 9l §oe YA ol4iet
S AOE wES F3) AR u) 2YUA) olastetacte)
steo] 24 ke Bo| A/HHORA golo] Augol
7Vt Hlo] =717} o 2 @e] o] PAHH Gulet
QA olataeraote] Hskel A Q) o4 U gl A3
=7} ghaats] ujie] oA W sjga Hlgo] grashA Hel
Angoz o 2 gAgel YAHE Ao wud,

ZYA| ortetEAE o] &8l A Aol M o] FZ =y}
HP-B-CD<] E@%i}iﬂ% Alz=e o HP-B-CD2| A} 27|17}
S ZAel7] 938l SFE-3560 YA 3=
SHAE o8t 2HEUAE A=kt =UA| ASES
740l Sjal| vA|ekE HP-B-CD iAol 13t A 1o =9
HP-B-CD YAE AHg-sff 2HELAE Alxshal £ o
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Figure 7. Effect of supercritical CO, ASES micronization on the
inclusion complexation efficiency of ibuprofen with HP-
B-CD.
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