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In this work ursolic acid (UA), a poorly water-soluble compound, was inclusion complexed with 2-hydroxypropyl-B-cyclodextrin
(HP-B-CD) by various methods such as kneading, solvent evaporation and two types of supercritical fiuid processes. The
solubility and characteristics of these UA/HP-3-CD complexes were investigated by scanning electron microscopy, x-ray
diffraction and HPLC. The water solubilities of the two complexes obtained from solvent evaporation and ASES processes
were observed to increase up to 6~240 folds and 12~56 folds, respectively, compared with that of unprocessed UA. The
stability of UA/HP-B-CD complex samples in cosmetic formulations was examined at various temperatures for one month.
The UA/HP-B-CD complex prepared by solvent evaporation was found to be most stable among all the cosmetic formulations
tested in our experiments.
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Figure 1. Schematic diagram of ASES process.
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Figure 2. Volume expansion of ethanol in supercritical carbon dioxide.

300 -

200 -

J=
O] -
AT

2n o %

MSIEIA LHOA 72| E0le] WA T

A AL 2AAFA FAH =
A A 2N &5
Aol ibslet A Aol gaEZAS UA%
P-3-CD&] F%F (cavity) +XUH =

EE 5

_.—n‘

thylene chloride & 41 j

FA
e Byoz T 9,1_9

WEe] W3t

i %

e 3

‘HA 7]51 o)

EHIE

1 A

FEf Ol A A

ol 71E

38 e
YAEE 3A

A2l UASt

P 0

T T ar

& A

=0

2 T

° 9_U5|

e %%

—a— 25°C
—&— 30°C
—A— 35°C
—w— 45°C
—&— 55°C

20

40 60 80

Pressure (bar)

100

120

600
—&— 35%C
500 - O~ 45°C
=3
= 400 -
IQ
n
=
[y
2. 300 -
>
LLi
£
=5 200 -
Q
]
100 -
o Mﬁ IA\J__ T T T
0 10 20 30 40 50

Figure 3. Volume expansion of methylene chloride in supercritical

carbon dioxide.

Pressure (bar)

60

7 gWEe A% Fg 2% g 3o AAE vl 2o
ostEs Ued BT A AAE WsE wilo
B Fol 274 exdd gelol A5l ue B
g hEdAE A8 Zukasl 9% el gl
W 378 F71 500% () o)el BHEE wel §
A 297 olpsieast 9ud ETHHe BARS o
W3 L5t £24E BUY YEY BURS ol%e
§ eTHE el bdE A4S sg 4 AT
olt]3t A3}E %35} ethanol == methylene chlorideE £
2 AR B9 25T ]9 =AM 60 bar o]
dEoZ FHdw Aol F7IEE} ojtEEtite) o
3t T3S 2T 4 USS #EAUTE F Uitk

Figure 4. SEM micrographs of (A) ursolic acid, (B) HP-§-CD, (C) a
physical mixture with a molar ratio of 1 : 1 (UA:HP-B-CD), and (D)
ASES-processed UA/HP-B-CD inclusion complex.

UA/HP--CD =& =8tE9 E4

FTAFEEA] v A4S A8l THA A oY
98 UA, HP-B-CD ¥ dA &3&H (1 : Do g3t =
& EFHEd i3 4 2 EAS #ASIHY Fig 49
A7 EA UA 2 HPP-CDS 1 : 19 EnE 338 =
2] EE 9 ASES 4SS 53 AxH AR dA &
A4S YJehdidld. UA 93 dA49 4§ 5~20
Z 3 100 ym o] FolE AYe = LS A1
9191 © w(Fig. 4A), HP-B-CD2] -9 F+¥o 7178 50~100
um #.7)9] 3/HFig. 4By Ve AT UA/HP-B-CDE =
4 E3E(Fig. 40)9] 3% HP-B-CDO] < A dof
142 0}0‘0111 o) HE & UAvto] AR EH o HP-P
-CD2] FwAe &0 glv o] #5Ho &g
T adoge A&AQ0 THEZJAY HAdo| oHos
APES FAT £ AT A7 93 A=) thgk XRD
A3}5 Fig. 5011 UeElHos AAE XRD ZA#M &
g QlEo] AR EAQ] UA9 7§ 10-30° Ax o 20 ¥
NA EA #IZZ} A3 UehY UAe Z2AAS FHeldd

ot

o
o
Y
°
Q



332

F AS v (Fig. 5A), HP-3-CD9] 7% 10~25°9] 26 ¥ 9]0
AN AAAY EA A0t EAEA ¥kon He W
A ¥344 FHE Yl AtkFg. 5B). A 1 19
=H 2 T3¥ UAHP-B-CD E83 EFE9 7-$ Fig 5C
NM A & 9,1-‘5-01 AAHoZ HP-B-CD XRD ¥
At FASE R5S BHYPo} UAY AAA EA9 AL
?%ﬂﬂ‘ﬂ —LZH J-g %1?_1%" T U] F %é‘ Hio| ¥

2

L

ql\ , (A)

ﬂ? o~ (B)
7]
-
S
el )
(D)
M
Mm (E)

0O 10 20 3 40 50 60 70 80
20

Figure 5. XRD data for (A) wursolic acid, (B) HP-B-CD, (C) a
physical mixture of UA/HPB-CD (1 : 1 mol/mol), (D) inclusion
complex powder prepared by solvent evaporation method, and (E)
inclusion complex powder prepared by ASES process at 35C and
140 bar.
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Figure 6. Solubility of unprocessed UA and UA/HP-B-CD inclusion

complex powder precipitated by ASES process at 35C and various
pressures.

Table 1. Composition of water-soluble cosmetic formulations
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Figure 7. Turbidity variations of water-soluble cosmetic formulations
with UA concentration after one month.

Component URSO-W1 ASES-W1 SOEV-W1 URSO-W2 ASES-W2 SOEV-W2  URSO-W3 ASES-W3 SOEV-W3
D.I Water 82.32 82.32 82.32 82.12 82.12 82.12 81.62 81.62 81.62
EDTA-2Na 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Treha 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Glycerine 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
PEG/PPG Copolyiner 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
URSO" 0.30 ; 0.50 - 1.00 -

ASES” 0.30 ; 0.50 - 1.00 -
SOEV” - - 0.30 - - 0.50 - - 1.00
Alcohol 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Methyl Paraben 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Hydrogenated Castor oil 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Fragrance(Aromia) 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
pH 4.80 4.43 7.10 4.89 4.38 7.49 5.05 4.37 7.59

1) URSO: URSOLISOME(COLLETICA Ltd.)
2) ASES: ASES-Processed UA/HP- 5 -CD complex
3) SOEV: Solvent-evaporated UA/HP- 5 -CD complex
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Table 2. Composition of emulsified cosmetic formulations
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Component ASES-01 SOEV-01 ASES-02 SOEV-02
Cetosteary Alcohol 0.80 0.80 0.80 0.80
Glyceryl Stearate and PEG-100 stearate 0.80 0.80 0.80 0.80
Glyceryl Monostearate 0.50 0.50 0.50 0.50
SAA 0.50 0.50 0.50 0.50
Vegetable Oil 0.50 0.50 0.50 0.50
Methyl Paraben 0.20 0.20 0.20 0.20
Propyl Paraben 0.05 0.03 0.03 0.05
Cetyl Ethyl Hexanoate 2.00 2.00 2.00 2.00
Butylene Glycol Dicaprylate/Dicaprate 3.00 3.00 3.00 3.00
Polydecene 2.00 2.00 2.00 2.00
Dimethicone 1.00 1.00 1.00 1.00
Cyclomethicone 3.00 3.00 3.00 3.00
D.I. Water 67.10 67.10 66.10 66.10
EDTA-2Na 0.02 0.02 0.02 0.02
Glycerine 2.00 2.00 2.00 2.00
Butylene Glycol 2.00 2.00 2.00 2.00
Triethanolamine 0.12 0.12 0.12 0.12
ASES 1.00 - 2.00 -
SOEV 1.00 - 2.00
Imidazolidinylurea 0.20 0.20 0.20 0.20
D.I. Water 13.00 13.00 13.00 13.00
Carbomer 0.13 0.13 0.13 0.13
Fragrance(Aromia) 0.08 0.08 0.08 0.08
viscosity(30C, brookfield Mark II, sp 64) 15,900 15,800 16,100 14,300
pH(10%) 6.82 7.12 6.82 721
Table 3. Stability of water-soluble cosmetic formulations during one month.
Sample Refrigerated 30C 45T
URSO-W1 Precipitated in 3 days Precipitated in 7 days Precipitated in 7 days
ASES-W1 Weakly precip. in 7days Weakly precip. in 7days Weakly precip. in 7days
SOEV-W1 No change No change No change
Precip. in 1 day, Precip. in 1 day, Precip. in 1 day,
URSO-W2 highly turbid highly turbid highly turbid
ASES-W2 Precip. in 1 day Precip. in 1 day Precip. in 1 day
SOEV-W2 No change No change No change
URSO-W3 Precip., highly turbid Precip., highly turbid Precip., highly turbid
ASES-W3 Precip. Precip. Precip.
SOEV-W3 Weakly precip. in 1month No change No change
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