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I A= % 4%
2.1. Ak R 7171

Urodd AxE Yl AHSAAZ polyglyceryl-10 stearateS AF&3LSY
3, BEAHZAA L stearic acid, glyceryl stearate citrate, glycerin and
inulin lauryl carbamate, sodium stearoyl glutamate®S AF&3}TE 2 Ud&
macadamia ternifolia seed oilS AFE3}SaL, FE]2 =2 butylene glycolS A&
stth. AT SHF AZ71(EXL] Analysis, Vivagen, Korea)® A|Z¥ 3
2} ZF5(K 0.1 S/cm)E AFESEE Y. @4 E AL glabridin €% 35% ©]4<]
oil soluble licorice (glycyrrhiza) extract (OSLE, Biospectrum, Korea)E& A}
gtk dixa oEdE HAHSE  udkoHdy  Fdd AWoew
homo-mixerqt AF&3le] A|xstR o, HAAAS 98] HSAZ ammonium
acryloyldimethyltaurate/VP copolymerZ AFg&3FtHTable 1).

o dd Alxe| homo-mixer (T.K. auto homomixer mark I 2.5,
Tokushukika, Japan), high-pressure homogenizer (Nano disperser,

NLM1000, Ilshin autoclave, Korea), agi-mixer (Overhead stirrer, SL 4000,
Global Lab, Korea) 71715 A}-&3}3it},

_’|5_



Table 1. List of Used Raw Material

Trade Name

INCI Name

Company (Nation)

Sunsoft Q-18Y-C

Stearic acid

Dermofeel PA-12

Inutec SL1
Eumulgin SG

Macadamia nut oil

OSLE

Glycerin
1,3-Butylene glycol
1,2-Hexanediol

Paester R-20SP

Cholesterol JP

Dermosoft GMCY

Saskine 50

Aristoflex AVC

Polyglyceryl-10 stearate

Stearic acid

Glyceryl stearate citrate

Glycerin and inulin lauryl

carbamate
Sodium stearoyl glutamate
Macadamia ternifolia seed
oil
Oil soluble licorice
(glycyrrhiza) extract
Glycerin
Butylene glycol
1,2-Hexanediol

Octyldodecanol

Cholesterol

Glyceryl caprylate

Ethylhexylglycerin

Ammonium

Acryloyldimethyltaurate/VP

Copolymer

Taiyo Kagaku Co.

(Japan)
Palm-0Oleo Sdn. Bhd.

(Malaysia)
Dr. Straetmans GmbH

(Germany)

CreaChem BVBA

(Belgium)
BASF (Germany)
Jan Dekker

(Netherlands)
Biospectrum (Korea)

Acid Chem Co. (India)
Daicel (Japan)
Twin Coschem (Korea)
Patech Fine Chemicals
Co. (Taiwan)
Nippon Fine Chemical
Co. (Japan)

Dr. Straetmans GmbH

(Germany)

Sachem Co. (USA)

Clariant international

Ltd. (Switzerland)

“INCI: International Nomenclature Cosmetic Ingredient

_16_



2.2. GAEA wolx AZ

Butylene glycols &= 3}l oil soluble licorice (glycyrrhiza) extract
5%% hot plate/magnetic stirring (PA1180, LK Lab, Korea)2.= 50 TolA

30 min &<t stirringste] A3 S A7 3 AFESFH T (Table 2).

Table 2. Composition of Active Substance Base

Ingredients wt%

Active substance | Oil soluble licorice (glycyrrhiza) extract 5.0
base

Butylene glycol 95.0
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Table 3. Composition and Process Conditions of Nanoemulsions for

Determine RSM Factor (unit: wt%)

Phase Ingredients #N1-1 | #N1-2 | #N1-3
Polyglyceryl-10 stearate 1.0 3.0 5.0
0il Cholesterol 0.3 0.3 0.3
i
Macadamia ternifolia seed oil 6.0 6.0 6.0
phase
Glyceryl caprylate 0.1 0.1 0.1
Ethylhexylglycerin 0.1 0.1 0.1
Water to 100 | to 100 | to 100
Water
Butylene glycol 10.0 10.0 10.0
phase .
1,2-Hexanediol 1.0 1.0 1.0
HPH Pressure (bar) 700 700 700
condition Cycling number (pass) 3 3 3
Phase Ingredients #N1-4 | #N1-5 | #N1-6
Polyglyceryl-10 stearate 3.0 3.0 3.0
oil Cholesterol 0.1 0.3 0.5
1
Macadamia ternifolia seed oil 6.0 6.0 6.0
phase
Glyceryl caprylate 0.1 0.1 0.1
Ethylhexylglycerin 0.1 0.1 0.1
Water to 100 | to 100 | to 100
Water
Butylene glycol 10.0 10.0 10.0
phase .
1,2-Hexanediol 1.0 1.0 1.0
HPH Pressure (bar) 700 700 700
condition Cycling number (pass) 3 3 3

_’|9_
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Phase Ingredients #N1-7 | #N1-8 | #N1-9
Polyglyceryl-10 stearate 3.0 3.0 3.0
Ol Cholesterol 0.3 0.3 0.3
1
Macadamia ternifolia seed olil 2.0 6.0 10.0
phase
Glyceryl caprylate 0.1 0.1 0.1
Ethylhexylglycerin 0.1 0.1 0.1
Water to 100 | to 100 | to 100
Water
Butylene glycol 10.0 10.0 10.0
phase .
1,2-Hexanediol 1.0 1.0 1.0
HPH Pressure (bar) 700 700 700
condition Cycling number (pass) 3 3 3
Phase Ingredients #N1-10 | #N1-11 | #N1-12
Polyglyceryl-10 stearate 3.0 3.0 3.0
0il Cholesterol 0.3 0.3 0.3
i
Macadamia ternifolia seed oil 6.0 6.0 6.0
phase
Glyceryl caprylate 0.1 0.1 0.1
Ethylhexylglycerin 0.1 0.1 0.1
Water to 100 | to 100 | to 100
Water
Butylene glycol 2.0 10.0 18.0
phase .
1,2-Hexanediol 1.0 1.0 1.0
HPH Pressure (bar) 700 700 700
condition Cycling number (pass) 3 3 3

_20_
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Phase Ingredients #N1-13 | #N1-14 | #N1-15
Polyglyceryl-10 stearate 3.0 3.0 3.0
Ol Cholesterol 0.3 0.3 0.3
1
Macadamia ternifolia seed olil 6.0 6.0 6.0
phase
Glyceryl caprylate 0.1 0.1 0.1
Ethylhexylglycerin 0.1 0.1 0.1
Water to 100 | to 100 | to 100
Water
Butylene glycol 10.0 10.0 10.0
phase .
1,2-Hexanediol 1.0 1.0 1.0
HPH Pressure (bar) 400 700 1,000
condition Cycling number (pass) 3 3 3
Phase Ingredients #N1-16 | #N1-17 | #N1-18
Polyglyceryl-10 stearate 3.0 3.0 3.0
0il Cholesterol 0.3 0.3 0.3
i
Macadamia ternifolia seed oil 6.0 6.0 6.0
phase
Glyceryl caprylate 0.1 0.1 0.1
Ethylhexylglycerin 0.1 0.1 0.1
Water to 100 | to 100 | to 100
Water
Butylene glycol 10.0 10.0 10.0
phase .
1,2-Hexanediol 1.0 1.0 1.0
HPH Pressure (bar) 700 700 700
condition Cycling number (pass) 1 3 5

A : Surfactant content, B :

Polyol

content, E

High-pressure

Cholesterol content,

homogenization

High-pressure homogenization cycling number.

_2’|_

C :

Oil content, D

pressure, F



fo~750¢: | ol
phase

5 Water
70~75°C ' phase

Homo-mixing
3,000 rpm / 3 min

Nanoemulsion

Figure 5. Manufacturing process of nanoemulsions by high-pressure

homogenization method.
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2.4. Box-Behnken Designe ©]-83%F Glabridin &/ Yxddd Ax

B dATelA= glabridin 3 Yioldd A HAHstE 98 THEERHLAY
= 3}l box-behnken design (BBD)S o] 835131t} [35,36]. vl %] 2331

7} A& 3-level AgAAN R Z degA Jow, Az Fo] Fto] H]& st
Aggde] WA et mEa] 7F 8”19 BE FEo] Sl A9 A-s
AFAAZ QYztalr] o]@r] wiEol BBDE H3A gto]l A7 o EA43t
= s 7HE W Rt gk m=e Ade] FPo)r] wEe RE Ay A
Eol FAMORTEH "ozl Ayt BF ZolA 8919 Fof wt 3dgdS zt
— goH37].

N2ARS A AFHoE ARDYA T

L

A8 S W

N

(particle size)®} IHF S48 (skin absorption rate)® A3 HTable
4)[38]. A3 FTAH 5 3] A S ¥3tsle] F 29 3] Ago] FAQR 4
g w2 H(Table 5). AAEA A A (surfactant phase), 4 2 A4S 70 ~ 75

TR Jteste] g8 2 AT 7 T G4 Vo A 7bahA A

N

>
>
o
)
g
iie]
o,
2
O>~

homo—mixer® 4,000 rpme % 10 min &< =335t3, A4S H7}sHHA
2,000 rpme® 5 min &t EFste] 1 2 olHHAES Axsdrt AxE 1 A
ANFHE 40 ~ 45 T7HA W@z} B 33k $ 319 {F3hete] Urddd s Ax
1oL, viAgro 2 S EA Wol~E H71ele] agi-mixer® 5 min §9 &%

= - o2 glabridin - VoA A S Al x8 tH(Figure 6)[39].

i

O

ol
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Table 4. Variables in Box-Behnken Design for Preparation of Glabridin

Nanoemulsions
Level used, actual (coded)
Factors Low Medium High
(-1 0) +1)
A = Surfactant (wt%) 1.0 3.0 5.0
Independent B = Oil (wt%) 2.0 6.0 10.0
variables C = Pressure (bar) 400 700 1,000
D = Cycling number (pass) 1 3 5
Dependent Y, = Particle size (nm)
variables | Yz = Skin absorption rate (%)
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Table 5. Composition and Process Conditions of Glabridin Nanoemulsions

Obtained from the Box—Behnken Design (unit: wt%)

Phase Ingredients #GN-1 | #GN-2 | #GN-3 | #GN-4 | #GN-5
Polyglyceryl-10
1.0 5.0 5.0 1.0 3.0
stearate
Stearic Acid 0.2 0.2 0.2 0.2 0.2
Glyceryl stearate
Surfactant 0.5 0.5 0.5 0.5 0.5
citrate
phase Glycerin and
Inulin lauryl 0.5 0.5 0.5 0.5 0.5
carbamate
Glycerin 6.0 6.0 6.0 6.0 6.0
Macadamia
6.0 6.0 2.0 10.0 2.0
ternifolia seed oil
01l Octyldodecanol 2.0 2.0 2.0 2.0 2.0
phase Cholesterol 0.3 0.3 0.3 0.3 0.3
Glyceryl caprylate 0.1 0.1 0.1 0.1 0.1
Ethylhexylglycerin 0.1 0.1 0.1 0.1 0.1
Water to 100 to 100 to 100 to 100 to 100
Butylene glycol 6.2 6.2 6.2 6.2 6.2
Water
1,2-Hexanediol 1.0 1.0 1.0 1.0 1.0
phase Sodium stearoyl
0.1 0.1 0.1 0.1 0.1
glutamate
Active Active substance
4.0 4.0 4.0 4.0 4.0
phase base
HPH Pressure (bar) 700 1,000 700 700 1,000
condition Cycling number ) 5 5 5 3
(pass)
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Phase Ingredients #GN-6 | #GN-7 | #GN-8 | #GN-9 | #GN-10
Polyglyceryl-10
3.0 3.0 1.0 1.0 3.0
stearate
Stearic Acid 0.2 0.2 0.2 0.2 0.2
Glyceryl stearate
Surfactant 0.5 0.5 0.5 0.5 0.5
citrate
phase Glycerin and
Inulin lauryl 0.5 0.5 0.5 0.5 0.5
carbamate
Glycerin 6.0 6.0 6.0 6.0 6.0
Macadamia
6.0 6.0 6.0 6.0 6.0
ternifolia seed oil
0Oil Octyldodecanol 2.0 2.0 2.0 2.0 2.0
phase Cholesterol 0.3 0.3 0.3 0.3 0.3
Glyceryl caprylate 0.1 0.1 0.1 0.1 0.1
Ethylhexylglycerin 0.1 0.1 0.1 0.1 0.1
Water to 100 to 100 to 100 to 100 to 100
Water Butylene glycol 6.2 6.2 6.2 6.2 6.2
1,2-Hexanediol 1.0 1.0 1.0 1.0 1.0
phase Sodium stearoyl
0.1 0.1 0.1 0.1 0.1
glutamate
Active Active substance
4.0 4.0 4.0 4.0 4.0
phase base
HPH Pressure (bar) 700 700 1,000 700 700
.. Cycling number
condition 3 3 3 5 3
(pass)

(Table 5. Continued)
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Phase Ingredients #GN-11 | #GN-12 | #GN-13 | #GN-14 | #GN-15
Polyglyceryl-10
1.0 3.0 3.0 3.0 3.0
stearate
Stearic Acid 0.2 0.2 0.2 0.2 0.2
Glyceryl stearate
Surfactant 0.5 0.5 0.5 0.5 0.5
citrate
phase Glycerin and
Inulin lauryl 0.5 0.5 0.5 0.5 0.5
carbamate
Glycerin 6.0 6.0 6.0 6.0 6.0
Macadamia
6.0 6.0 6.0 6.0 10.0
ternifolia seed oil
0Oil Octyldodecanol 2.0 2.0 2.0 2.0 2.0
phase Cholesterol 0.3 0.3 0.3 0.3 0.3
Glyceryl caprylate 0.1 0.1 0.1 0.1 0.1
Ethylhexylglycerin 0.1 0.1 0.1 0.1 0.1
Water to 100 to 100 to 100 to 100 to 100
Water Butylene glycol 6.2 6.2 6.2 6.2 6.2
1,2-Hexanediol 1.0 1.0 1.0 1.0 1.0
phase Sodium stearoyl
0.1 0.1 0.1 0.1 0.1
glutamate
Active Active substance
4.0 4.0 4.0 4.0 4.0
phase base
HPH Pressure (bar) 400 1,000 700 400 400
condition Cycling number . . . . 5
(pass)

(Table 5. Continued)
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Phase Ingredients #GN-16 | #GN-17 | #GN-18 | #GN-19 | #GN-20
Polyglyceryl-10
3.0 5.0 3.0 3.0 3.0
stearate
Stearic Acid 0.2 0.2 0.2 0.2 0.2
Glyceryl stearate
Surfactant 0.5 0.5 0.5 0.5 0.5
citrate
phase Glycerin and
Inulin lauryl 0.5 0.5 0.5 0.5 0.5
carbamate
Glycerin 6.0 6.0 6.0 6.0 6.0
Macadamia
6.0 10.0 6.0 10.0 2.0
ternifolia seed oil
0Oil Octyldodecanol 2.0 2.0 2.0 2.0 2.0
phase Cholesterol 0.3 0.3 0.3 0.3 0.3
Glyceryl caprylate 0.1 0.1 0.1 0.1 0.1
Ethylhexylglycerin 0.1 0.1 0.1 0.1 0.1
Water to 100 to 100 to 100 to 100 to 100
Water Butylene glycol 6.2 6.2 6.2 6.2 6.2
1,2-Hexanediol 1.0 1.0 1.0 1.0 1.0
phase Sodium stearoyl
0.1 0.1 0.1 0.1 0.1
glutamate
Active Active substance
4.0 4.0 4.0 4.0 4.0
phase base
HPH Pressure (bar) 400 700 1,000 700 700
condition Cycling number . . . . .
(pass)

(Table 5. Continued)
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Phase Ingredients #GN-21 | #GN-22 | #GN-23 | #GN-24 | #GN-25
Polyglyceryl-10
3.0 5.0 5.0 1.0 3.0
stearate
Stearic Acid 0.2 0.2 0.2 0.2 0.2
Glyceryl stearate
Surfactant 0.5 0.5 0.5 0.5 0.5
citrate
phase Glycerin and
Inulin lauryl 0.5 0.5 0.5 0.5 0.5
carbamate
Glycerin 6.0 6.0 6.0 6.0 6.0
Macadamia
2.0 6.0 6.0 2.0 6.0
ternifolia seed oil
0Oil Octyldodecanol 2.0 2.0 2.0 2.0 2.0
phase Cholesterol 0.3 0.3 0.3 0.3 0.3
Glyceryl caprylate 0.1 0.1 0.1 0.1 0.1
Ethylhexylglycerin 0.1 0.1 0.1 0.1 0.1
Water to 100 to 100 to 100 to 100 to 100
Water Butylene glycol 6.2 6.2 6.2 6.2 6.2
1,2-Hexanediol 1.0 1.0 1.0 1.0 1.0
phase Sodium stearoyl
0.1 0.1 0.1 0.1 0.1
glutamate
Active Active substance
4.0 4.0 4.0 4.0 4.0
phase base
HPH Pressure (bar) 400 400 700 700 700
condition Cycling number . . . 5 5
(pass)

(Table 5. Continued)
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Phase Ingredients #GN-26 | #GN-27 | #GN-28 | #GN-29
Polyglyceryl-10 stearate 3.0 3.0 3.0 5.0
Stearic Acid 0.2 0.2 0.2 0.2
Surfactant | Glyceryl stearate citrate 0.5 0.5 0.5 0.5
Glycerin and Inulin lauryl
phase 0.5 0.5 0.5 0.5
carbamate
Glycerin 6.0 6.0 6.0 6.0
Macadamia ternifolia
2.0 10.0 10.0 6.0
seed oil
Oil Octyldodecanol 2.0 2.0 2.0 2.0
phase Cholesterol 0.3 0.3 0.3 0.3
Glyceryl caprylate 0.1 0.1 0.1 0.1
Ethylhexylglycerin 0.1 0.1 0.1 0.1
Water to 100 to 100 to 100 to 100
Butylene glycol 6.2 6.2 6.2 6.2
Water
1,2-Hexanediol 1.0 1.0 1.0 1.0
phase Sodium stearoyl
0.1 0.1 0.1 0.1
glutamate
Active
Active substance base 4.0 4.0 4.0 4.0
phase
HPH Pressure (bar) 700 700 1,000 700
condition Cycling number (pass) 1 5 3 1
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Surfactant
phase

qil
phase

Homo-mixing
4,000 rpm / 10 min

Water
phase

Homo-mixing
2,000 rpm / 5 min

TO0~75°C

J0~75°C

70~75°C

Active
phase

Agi-mixing
5 min

Glabridin
Nanoemulsion

Figure 6. Manufacturing process of glabridin nanoemulsions by

high—-pressure homogenization method.
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SEESES EEEO B D ES LI I EL T ENEE
stel 219 2 2AoA =84 A E el ASAZE 0.4%2] ammonium
acryloyldimethyltaurate/VP copolymerE 7}l 119t #3F A4S A9s
A tHTable 6).

Table 6. Composition of Glabridin Emulsion (unit: wt%)
Phase Ingredients #GE
Polyglyceryl-10 stearate 5.0
Stearic Acid 0.2
Surfactant

Glyceryl stearate citrate 0.5

phase
Glycerin and Inulin lauryl carbamate 0.5
Glycerin 6.0
Active substance base 4.0
Macadamia ternifolia seed oil 2.0
Oil Octyldodecanol 2.0
phase Cholesterol 0.3
Glyceryl caprylate 0.1
Ethylhexylglycerin 0.1

Water to 100

Butylene glycol 6.2

Water
1,2-Hexanediol 1.0

phase
Sodium stearoyl glutamate 0.1
Ammonium Acryloyldimethyltaurate/VP Copolymer 0.4
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6. QA 7], THEAAT 2 AN 27

A2 A7k gEAEX| S (polydispersity index, PDD¥ &4 44t (dynamic
light scattering)®] ¥2]& Holy &5 ol e YAES dolAR &Kol o
okalA At E #olA Fe #E ¥WES Stokes-Einstein equation (Eq. 1)&
el ghitste] A tk(Figure 6).

D= (Eq. 1)

A71A D = B AT ky B BEW AF, T E L% g 2% R, € 9
A} WS VrERATH40].

A ELA 9 (Zeta Potential, ZP)= A7|9%34t
scattering)®] Q& cell?] ¥zl A7FS Ho] BAF AEl xS SA s}
B ek AdS ghelditk(Figure 8)[41]. H4#atekyt fAlskAl dlol A7 =3

!
FUE B AFHT AsFe] A% Asle] Ago] YAt A F

FS&

(electrophoretic  light

B} d92 WHE wjol:= Smoluchowski equatione AFg3Hc}[43].
Uieoldd 2@ odde] A 227], PDI ¥ ZP= A 82 AASE 1% 3438

o] 25 CTolA dEFEA7]|(Zetasizer nano ZS, Malvern Instrument Ltd., UK)=
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E

Figure 7. Schematic diagram of dynamic light scattering according to

particle size[40].

----- Stern Layer
————— Slipping plane

Distance from surface

*

* ------------ Zeta potential

Potential ~ :

Figure 8. Surface charge and zeta potential of nanoparticles[42].
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2.7. Yxddd ¥4 #Z(TEM)

UieodAde]l g4-S dFstr] f8 95 713 g 3E e AT AKIST,
Korea Institute of Science and Technology, Korea)ol & sttt 7|7+ %
A1 2 v 4 (Cryo-TEM, Cryogenic transmission electron

microscope, Tecnai F20 G? Thermo Fisher Scientific, USA)S AF&3}S T},
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2.8. Franz Diffusion CellE ©]€3%F Glabridin Y=o dA Y In-Vitro 9% &
Sk

Glabridin W=old o] 33 F5&S Wretr] e 4435E 2A Ay
5-(Strat-M membrane 25 mm discs, Merck Millipore, USA)E A}-&3}¢]
Franz diffusion cell (HDC-6TD, Logan Instruments, USA)Z in-vitro 3%
T AEE FAsETH44]. Receptor &N o R= R &3lws s}
o] isopropanol : polysorbate 20 : water = 50 : 2 @ 48 (v/v) &dS A}&3}
At

Franz diffusion celld]l membrane® Z}&Zo] 9=

ol

oft
ol

=5 53 1 99

==

ofo

donorE TZAGAIFAHTE 12 mLY receptor €M U3l magnetic barE 9|
dte] 300 rpm £EZ wHEAA 37 £ 1 ColA 30 min 5¢F <H4 33
I oS Z7Ze membrane ¥WOl A1E 500 pl E=¥3tH(Figure 9).
Receptor £H& 1, 2, 4, 8, 12, 24 h {tAo 7 3o, v &
glabridin®] F&<2 HPLCE °l&38t AZFEA silth 4 =4 3w
Vs AAEE VI B AR (Ao R A Al A12012-89%, 2012. 8.
24. A &)& Fastalh45].

24 h A3 % donorel Hold+= HE isopropanol 10 mL= 3]A 3}t

o= ‘h
rE o
B

rlo

39473t membrane receptor £ 10 mL= A& 3 & 8§ FZto = A3t
5343 7] (JAC-3010, Kodo Technical Research Co., Ltd., Korea)Z 1 h
ot SEEAIA AFREA Sl
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s
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Figure 9. Schematic diagram of Franz diffusion cell[46].
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2.9. Glabridin &% &4

Glabridin = #241& HPLC (eAlliance, Waters, USA)E o] &3l 335t

t}. Kromasil Cis column (5 ym, 4.6 x 250 mm, AkzoNobel, Netherlands)<
AFESESE 0 column €5+ 40 C, AZ &5+ 25 TE FA 3% o] 54 e

2 0.02% acetic acid : acetonitrile = 50

: 50 v&= st 1.0 mL/min ¢
&0 82 EHF oY, photodiode array (PDA) detector (2998, Waters,
USA)ZE 282 nmel A 345 #EaltHTable 7).

Table 7. HPLC Conditions for Glabridin Analysis

System Condition of HPLC analysis
Kromasil Cig column, 5 pm, 4.6 x 250 mm
Column
(AkzoNobel, Netherlands)
Detector

2998 Photodiode Array Detector (Waters, USA)
Temperature of

40 C and 25 C
column and sample

Mobile phase 0.02% Acetic acid : Acetonitrile = 50 : 50

Flow rate 1.0 mL/min
Injection volume 20 nL
Wavelength 282 nm
Run time 20 min
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2.10. A8 AF

HESEH B O Design-Expert version 11 (StatEase, USA)E A}8-31o]

FK

47 W EASET RE Age

22 YJEPAAY. oA student's ~test®

0.05, *p < 0.012 Ve,
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m. 22 3 2

Ureoldd Az A 9Fs T A4 T,
¥, e 3, 1 E

3}9lal(Table 3), 1 d ¥
oA 148.2 ~ 174.0 nm (surfactant factor), 152.8 ~ 164.7 nm
(cholesterol factor), 142.3 ~ 170.8 nm (oil factor), 150.7 ~ 157.6 nm
(polyol factor), 136.4 ~ 187.1 nm (HPH pressure factor), 147.7 ~ 188.3

nm (HPH cycling number factor) 2 SAE At Ztzte] AdSAdA S,

% @
AAL 27178 ZpebA = A3 Ueidl= v, od 3%
ol S7FEkel wet 4Ap A7
RSM <S1xt= A7 et7] flaiMs 22 a1 5ol wE wkg gk Zfolrt
2 Aol A3t Ywold A dx} Avd 7 2 PdES vxE 290 #
71 Y&l FAAY 7e71E A Axb, -12.9 (surfactant factor), -5.95
(cholesterol factor), +14.25 (oil factor), +2.35 (polyol factor), -25.35

¢}

(HPH pressure factor), —-20.3 (HPH cycling number factor)® 21% )t}
= 71717 & so=E 4 N SAAHEdA
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Table 8. Particle Size of #N1 in Table 3 after 1 d at 25 T (mean £ SD,
N =3)

Particle size Particle size
Factors No. Factors No.
(nm) (nm)
1.0 #N1-1 174.0 £ 1.2 2.0 #N1-10 152.9 £ 0.5
S 3.0 #N1-2 1596 = 1.1 | Po 10.0 #N1-11 150.7 £ 0.3
5.0  #NI1-3 148.2 £ 0.9 18.0 #N1-12 157.6 = 0.7
0.1 #N1-4 164.7 £ 1.1 400 #N1-13 187.1 £ 0.3
Ch 0.3 #N1-5 156.2 £ 1.0| Pr 700 #N1-14 1594 + 0.4
0.5 #N1-6 152.8 £ 0.8 1,000 #N1-15 136.4 £ 0.8
2.0  #N1-7 142.3 £ 0.3 1 #N1-16 188.3 £ 1.2
O 6.0 #N1-8 170.1 £ 1.2 | Cy 3 #N1-17 157.0 £ 0.6
10.0  #N1-9 170.8 £ 0.6 5) #N1-18 147.7 £ 1.0

S: surfactant, Ch: Cholesterol, O: oil, Po: polyol, Pr: pressure, Cy: cycling

number
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Figure 10. Particle size of #N1 after 1 d at 25 C according to (A):
surfactant content, (B): cholesterol content, (C): oil content, (D): polyol
content, (E): HPH pressure, (F): HPH cycling number (N = 3, "p < 0.05,
“p < 0.01).
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Agatel theomde] @4e wAs.

Figure 11. Cryo-TEM images of #N1-18.
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N2APEs S8 AR AFSEA FFH1.0 ~ 5.0 wt®), 24 FH2.0 ~
10.0 wt%), L3 438400 ~ 1,000 bar), L¢3} 34(1 ~ 5 pass)?
89l 9 fFFo7 BBDE 433t (Figure 12). A% 1 d
(Table 9). ¥¥ &T4&8L A 7to] wE Ag ol xlo]|=

Jr
ol
LA
o
o
- -IIN 1
ol
ol
2
)
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Figure 12. Appearance of #GN after 1 d at 25 C (A): #GN-1 ~ #GN-6,
(B): #GN-7 ~ #GN-12, (C): #GN-13 ~ #GN-18, (D): #GN-19 ~
#GN-24, (E): #GN-25 ~ #GN-29.
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Table 9. Box-Behnken Design Experimental Conditions and Results of

Glabridin Nanoemulsion

Space Factor 1 Factor 2 Factor 3 Factor 4 Response 1 Response 2

Run

type A (wt%) B (wt%) C (bar) D (pass) Y, (nm) Yy (%)
1 [BFact 1.0 6.0 700 1 169.3 48.46
2 IBFact 5.0 6.0 1,000 3 127.0 41.18
3 IBFact 5.0 2.0 700 3 162.5 40.40
4 IBFact 1.0 10.0 700 3 160.9 45.53
5 [BFact 3.0 2.0 1,000 3 126.8 45.33
6 Center 3.0 6.0 700 3 149.8 45.79
7 Center 3.0 6.0 700 3 181.1 42.48
8 [BFact 1.0 6.0 1,000 3 141.7 47.56
9 IBFact 1.0 6.0 700 5 150.6 41.19
10 Center 3.0 6.0 700 3 166.4 44.84
11 IBFact 1.0 6.0 400 3 177.7 47.05
12 IBFact 3.0 6.0 1,000 5 116.3 41.01
13 Center 3.0 6.0 700 3 153.3 40.61
14  IBFact 3.0 6.0 400 5 176.6 40.85
15  IBFact 3.0 10.0 400 3 184.8 44.92
16 IBFact 3.0 6.0 400 1 205.7 44.03
17 IBFact 5.0 10.0 700 3 159.4 32.55
18  IBFact 3.0 6.0 1,000 1 161.3 43.03
19  IBFact 3.0 10.0 700 1 183.1 30.27
20  IBFact 3.0 2.0 700 5 167.4 36.01
21  IBFact 3.0 2.0 400 3 245.7 39.26
22  IBFact 5.0 6.0 400 3 211.6 35.49
23 IBFact 5.0 6.0 700 5 139.4 32.62
24  IBFact 1.0 2.0 700 3 169.0 43.96
25  Center 3.0 6.0 700 3 194.6 29.03
26  IBFact 3.0 2.0 700 1 215.1 36.27
27  IBFact 3.0 10.0 700 5 141.8 25.12
28  IBFact 3.0 10.0 1,000 3 137.2 30.23
29  IBFact 5.0 6.0 700 1 193.6 33.02

A: surfactant content, B: oil content, C: HPH pressure, D: HPH cycling

number, Y;: particle size, Y. skin absorption rate
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3.3.1. & AZI(Ypdll mlA= I

T L
R d(quadratic model)®] o5
, 2] p-value (K 0.05)%} F-valuet® o]xtt}hat2]
K o]&EtH(Table 10). T3+ F-valueZ} i1,

2 98k u 471,

Table 10. ANOVA for Quadratic Model of Particle Size

Sum of Mean
Source df F-value p-value
Squares Square
Model 21462.15 14 1533.01 8.32 0.0002 Significant
A-Surfactant 49.21 1 49.21 0.2670 0.6134
B-0il 1186.04 1 1186.04 6.44 0.0237
C-Pressure 12792.27 1 12792.27 69.42 <0.0001
D-Cycling
4641.33 1 4641.33 25.19 0.0002
number
AB 6.25 1 6.25 0.0339 0.8565
AC 590.49 1 590.49 3.20 0.0951
AD 315.06 1 315.06 1.71 0.2121
BC 1270.92 1 1270.92 6.90 0.0199
BD 10.24 1 10.24 0.0556 0.8171
CD 63.20 1 63.20 0.3430 0.5674
A? 306.14 1 306.14 1.66 0.2183
B? 131.64 1 131.64 0.7144 0.4122
c? 2.80 1 2.80 0.0152 0.9036
D? 0.6539 1 0.6539 0.0035 0.9533
Residual 2579.71 14 184.27
Not
Lack of Fit 1156.06 10 115.61 0.3248 0.9321
significant
Pure Error 1423.65 4 355.91
Cor Total 24041.87 28
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(Eq. 2)

S = [ s

A =7

o]
H

4 7HA

1

0]
T

+ 4,51 B - 0.6575 C* + 0.3175 D* + 1.25 AB - 12.15 AC

- 8.87 AD + 17.82 BC + 1.60 BD - 3.97 CD

S el
M 89 F

Y; =+ 169.04 + 2.02 A - 9.94 B - 32.65 C - 19.67 D - 6.87 A?
[e)

Glabridin Y=ol 47 <]

(p < 0.05).
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Design-Expert® Software
Factor Coding: Actual

Particle size (nm)
@ Design points above predicted value

QO Design points below predicted value

1163 I 2457
X1= A Surfactant 3,
X2=8 OI;E aa“ 260
Actual Factors 240
C: Pressure = 700
D: Cycling number = 3 220
200
£ 180
&
g 160 A
o 40
i)
. 120
&
100
10
3
B: Qil (wt%) A: Surfactant (wt%)
2 1
Far ol 0 Particle size (hm)
Particle size (nm)
@ Design Points
1163 I 2457
X1 = A Surfactant
X2 =80l
Actual Factors 8
C: Pressure = 700
D: Cyeling number = 3
£
2
O B
[aa]
4
2

1 2 3 4 5

A: Surfactant (wt%)

Figure 13. 3D surface model (A) and contour graph (B) for particle size

of nanoemulsion depending on surfactant content and oil content.
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Design-Expert® Software
Factor Coding: Actual

Particle size (nm)
@ Design points above predicted value

O Design points below predicted value

1163 I 2457
X1 = A Surfactant
X2 = C: Pressure 260
Actual Factors 240
B Oil=6
D: Cycling number = 3 220
200
= 180
&
.g 160 A
wv
o 140
i
£ 120
&
100
1000
3
C: Pressure (bar) A: Surfactant (wt%)
400 1
i e Particle size (nm)
1000
Particle size (nm)
@ Design Points
1163 I 2457
900
X1 = A Surfactant
X2 = G Pressure
Actul Factors
Eoil=6
s Cycling number = 3
800
-
(1)
=2}
o
=] 700
a
g B
o
U
600
500
400

A: Surfactant (wt%)

Figure 14. 3D surface model (A) and contour graph (B) for particle size

of nanoemulsion depending on surfactant content and HPH pressure.
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Design-Expert® Software
Factor Coding: Actual
Particle size (nm)
@ Design points above predicted value

@ Design points below predicted value

1163 I 2457
X1 = A: Surfactant
X2 = D: Cycling number 260
Actuzl Factors 240
B: Oil =6
C: Pressure = 700 220
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T
£
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w
Q<
o
=
&
3 3
D: Cycling number (pass) 2 2 A: Surfactant (wt%)
1
Combies kWit . Particle size (nm)
Particle size (nm)
@ Design Points.
1163 I 2457
X1 = A Surfactant
X2 = D: Cycling number
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B:Oll =6
C: Pressure = 700 ’a
]
©
=
s
[}
e}
&
= 3
=
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= B
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>
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1 2 3 4 5

A: Surfactant (wt%)

Figure 15. 3D surface model (A) and contour graph (B) of particle size
for Glabridin nanoemulsion depending on surfactant content and HPH

cycling number.
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Design-Expert® Software

Factor Coding: Actual

Particle size (nm)
@ Design points above predicted value
@ Design points below predicted value

1163 I 2457

X1 =B 0l
X2 = C: Pressure

Actual Factors
A Surfactant = 3
D: Cycling number = 3

Particle size (nm)

B: Oil (wt%)

Faeerie: s - Particle size (nm)
Particle size (nm)
@ Design Points

1153 I 2457

X1 =B Oil
X2 = C: Pressure

Actual Factors
A Surfactant = 3
D: Cycling number = 3

C: Pressure (bar)

2 4 6 8 10

B: Oil (Wt%)
Figure 16. 3D surface model (A) and contour graph (B) for particle size

of nanoemulsion depending on oil content and HPH pressure.
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Design-Expert® Software
Factor Coding: Actual

Particle size (nm)
@ Design points above predicted value

© Design points belaw predicted value

1163 I 2457
X1 =801
X2 = D: Cycling number 260
Actual Factars 240
A: Surfactant = 3
C: Pressure = 700 220

Particle size (nm)

3

D: Cycling number (pass) 2 4 B: Qil (wt%)

Design-Expert® Software
Factor Coding: Actual

Particle size (nm)

Particle size (nm)
@ Design Points

1163 I 2457

X1=8:0il
%2 = D: Cycling number

Actual Factors
A Surfactant = 3
C: Pressure = 700

D: Cycling number (pass)

2 4 6 8 10

B: Ol (Wt%)
Figure 17. 3D surface model (A) and contour graph (B) for particle size

of nanoemulsion depending on oil content and HPH cycling number.
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Design-Expert® Software
Factor Coding: Actual

Particle size (nm)
@ Design points above predicted value

O Design points below predicted value

1163 M 2457
2. b oo i 260
Actual Factors 240
A Surfactant = 3
8: 0l =6 220
200
= 180
=
g 160 A
a 140
i
£ 120
&
100
1000
# = 800
3 — 700
5 600
D: Cycling number (pass) C: Pressure (bar)
1 400
i . Particle size (nm)
Particle size (nm)
@ Design Poirits
1163 M 2457
X1 = C: Pressure
X2 = D: Cycling number
Actual Factors
A Surfactant = 2
B:Oll=6 ’Gi‘
wvy
©
(o
£
(7]
o
£
=)
c
g B
o
>
o
a

400 500 600 700 800 900 100

C: Pressure (bar)

Figure 18. 3D surface model (A) and contour graph (B) for particle size

of nanoemulsion depending on HPH pressure and HPH cycling number.
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J_:,]_
H, 23 p-value (K 0.05)¢ F-valuex o]xft}abs] mdo] FoAS zle=r)

A& HojFtH(Table 11).

rr
N

Table 11. ANOVA for Quadratic Model of Skin Absorption Rate

Sum of Mean
Source df F-value p-value
Squares Square
Model 808.22 14 57.73 2.70 0.0366 Significant
A-Surfactant 285.09 1 285.09 13.34 0.0026
B-0il 88.62 1 88.62 4.15 0.0611

C-Pressure 0.8856 1 0.8856 0.0415 0.8416
D-Cycling

27.85 1 27.85 1.30 0.2727
number

AB 22.18 1 22.18 1.04 0.3255
AC 6.71 1 6.71 0.3140 0.5841
AD 11.80 1 11.80 0.5523 0.4697
BC 107.74 1 107.74 5.04 0.0414
BD 5.98 1 5.98 0.2798 0.6051
CD 0.3364 1 0.3364 0.0157 0.9019
A? 13.87 1 13.87 0.6491 0.4339
B? 76.44 1 76.44 3.58 0.0794
C? 51.89 1 51.89 2.43 0.1414
D? 65.56 1 65.56 3.07 0.1017

Residual 299.09 14 21.36

Not
Lack of Fit 116.79 10 11.68 0.2563 0.9633
significant

Pure Error 182.30 4 45.58
Cor Total 1107.31 28
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(Eq. 3)

-

-

Aok

H] %

)

Glabridin Y=o de]

33 2.

o

=

4 7HA

1

0]
T

3k(p < 0.05)

- 343 B>+ 2.83 C?-3.18 D% - 2.35 AB + 1.29 AC + 1.72 AD
- 5.19 BC - 1.22 BD + 0.29 CD

S el
M 89 F

Y, = + 40.55 - 4.87 A - 272 B - 0.2717 C - 1.52 D + 1.46 A®
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Design-Expert® Software
Factor Coding: Actual
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@ Design points above predicted valug

Q© Design points below predicted value
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2 of
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Figure 19. 3D surface model (A) and contour graph (B) for skin

absorption rate of nanoemulsion depending on surfactant content and oil

content.
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Design-Expert® Software
Factor Coding: Actual

Absorption (%)
@ Design points above predicted value

© Design points below predicted value
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Figure 20. 3D surface model (A) and contour graph (B) for skin

absorption rate of nanoemulsion depending on surfactant content and HPH

pressure.
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Design-Expert® Software
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Figure 21. 3D surface model (A) and contour graph (B) for skin
absorption rate of nanoemulsion depending on surfactant content and HPH

cycling number.
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Design-Expert® Software
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Figure 22. 3D surface model (A) and contour graph (B) for skin
absorption rate of nanoemulsion depending on oil content and HPH

pressure.
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Figure 23. 3D surface model (A) and contour graph (B) for skin

absorption rate of nanoemulsion depending on oil content and HPH

cycling number.
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(A) and contour graph (B) for skin

absorption rate of nanoemulsion depending on HPH pressure and HPH

cycling number.
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3.4. Glabridin g YxoldA A3}

3.4.1. 49 Glabridin 3§ Yx=oda A=

Box-behnken design A3E vl o2 HA Azt 37], A I S485
532 st A HAHSE TPt AW A T 5.0 with., 2D T

2.0 wt%, 93k o8 1,000 bar, 1173k 319 4 passE

QL
32
=
—
V)
o
o
—
>
B
)
e
i,
BN
o
il
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oft
o
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&
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i
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rII,

Table 12. Optimized Glabridin Nanoemulsion Conditions

Independent variables Optimum conditions
A-Surfactant (wt%) 5.0
B-0il (wt%) 2.0
C-Pressure (bar) 1,000
D-Cycling number (pass) 3.5
Dependent variables Predicted value
Y,-Particle size (nm) 105.6
Y,-Skin absorption rate (%) 48.05
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Table 13. Verification of Optimized Glabridin Nanoemulsion

95% CI 95% CI
Solution of Predicted Std SE Data
N low for high for
response mean dev pred Mean
mean mean
Particle size
105.6 13.6 3 154 72.5 138.6 111.6
(nm)
Skin absorption
48.05 462 3 5.25 36.80 59.30 40.27
rate (%)
Standard deviation (Std dev), Standard Error predicted (SE pred),

Confidence Interval (CD
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3.4.2. A9 Glabridin i YxodHF HAY AR F7t

44 2R08 AT e Uan YETOE AW UAe] AYS 3
) g8l HEA @S Aastd 45 ol naEEA 1, 7, 14, 21 d B

(Figure 25). H=3F 1o
AHA JAF A7) o
wolth. Ak A7]= 1.d 1

11.9 nm= SAHAT. vwodde] A9 A]gke] Aol w2} Ostwald

ripening AFo2 A3t JA A7|7} 7Vt WEo R o] WMl o AE A vk

7P TR0 2
JAF wH dake] a3 A we|th[50]. ZP g WAtE 4k f-Zell
A=A g S BASH7] fla8 £ 30 mV ol4Felolof gth[51]. ZP+ 1
d & Yweddde -56.7
), 7}5A1E Folk Yo d Ay} odd 2F £ 30.0 mV oo s ¢k A

5 A8 tH(Figure 26).
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Table 14. Appearance, Particle Size, Polydispersity Index, Zeta Potential
Data of Optimized Nanoemulsion and Emulsion after 1 d at 45 C (mean

+ SD, N = 3)

Particle size

Appearance PDI ZP (mV)
(nm)
pale yellow
Nanoemulsion 111.6 £ 0.2 0.247 £ 0.014 -56.7 £ 1.2
opaque
pale yellow
Emulsion 529.6 £ 11.9 0.723 £ 0.032 -75.9 + 0.5
opaque
A B

.=

L_—._ : . i _ =
Nano- MNano- | .
: . Emulsion
emulsion emulsion |

Figure 25. Appearance of optimized nanoemulsion and emulsion at 25 T

after A: 1 d, B: 1 week, C: 2 week, D: 3 week.
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Figure 26. Accelerated test data at 45 C for 21 d of optimized
nanoemulsion and emulsion (A): particle size of nanoemulsion, (B):

particle size of emulsion, (C): PDI, (D): ZP (N = 3, "p < 0.05, “p < 0.01).
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3.5. Glabridin &% &4

OSLE W glabridin® & #4st7] #18) HPLCE ol&sto] A2kl
t}. Glabridin %] w& calibration curve® €13, OSLE Ul glabridin®]
shafo] oF 47.1%2 A=At OSLE W glabridin®] retention time<s 17.253
min®] ™, standard®* glabridin®] retention time< 17.247 min® % A}sHA
el th(Figure 27, 28).
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Figure 27. Glabridin calibration curve using HPLC system.
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Figure 28. HPLC chromatogram of glabridin.
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3.6. Franz Diffusion CellS o]&3F FZA<e Glabridin & Y=o dAY

In-Vitro 9% &4 A4

Uil dy odde] 24 h s IAF FFE&S vluwdr] 9@ Franz
diffusion cell& A3}l 37 + 1 ColAM 1, 2, 4, 8
S s

Glabridin $Hr HioldA3} odd Az w4 35 5585 Table 15
of UERIATE Yo d AT o dd E5F 24 hbA] F5&0] Ad S7tste 4

&S Uetd Atk (Figure 29). 24 h & Yxddde] w4 F4&2 7953 £
0.23%, oHH ¥4 ZT45EL 6654 £ 1.45%= o HHo] o AR}

S Bt olF Fd U A71e YAV dREFTE &
HAHT Ay or Z Ax AV|E 2] WF
o] membranes F3}38}7]7}

= ¢ T Al
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Table 15. Skin Absorption Rate for 24 h of Glabridin Nanoemulsion and
Emulsion (mean = SD, N = 3, p < 0.01, unit: %)

Skin absorption rate (%)

Time (h)
Nanoemulsion Emulsion
1 2.07 £ 0.04 1.14 £ 0.00
2 6.67 £ 0.21 4.25 = 0.10
4 17.86 = 0.26 12.31 £ 0.14
8 37.67 £ 0.33 27.08 £ 0.14
12 52.22 £ 0.12 41.04 £ 1.02
24 79.53 £ 0.23 66.54 + 1.45
Membrane 2.60 £ 0.02 3.85 £ 0.12
Donor 10.75 £ 0.16 23.09 = 0.87
Sample 100.00 = 0.83 100.00 £ 2.35
100
——Manoemulsion
a0 b —m—-- Emulsion

B0

20

Skin absorption rate (%)

0 2 4 & & 10 12 14 16 18 20 22 24
Time (k)

Figure 29. Skin absorption rate for 24 h of glabridin nanoemulsion and

emulsion (mean = SD, N = 3, p < 0.01).
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Abstract

In the cosmetics industry, it is important to develop new materials
for functional cosmetics such as whitening, wrinkles, anti—oxidation,
and anti—aging, as well as technology to increase skin absorption rate
when actually applied to the skin. Therefore, in this study, the we
tried to optimize the nanoemulsion formulation using RSM, an
experimental design method. A nanoemulsion was prepared by a HPH
method using glabridin as an active ingredient, and finally, the
optimized skin absorption rate of the nanoemulsion was evaluated.
Nanoemulsions were prepared by varying the surfactant content (1.0 ~
5.0 wt%), cholesterol content (0.1 ~ 0.5 wt%), oil content (2.0 ~ 10.0
wt%), polyol content (2.0 ~ 18.0 wt%), HPH pressure (400 ~ 1,000
bar), and the number of HPH (1 ~ 5 pass) as RSM factors. Among
them, surfactant content, oil content, HPH pressure, and the number of
HPH, which are factors that have the greatest influence on particle
size, were used as independent variables, and particle size and skin

absorption rate of nanoemulsion were used as response variables. A
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total of 29 experiments were randomly conducted, including 5
repetitions of the center point, and the particle size and skin
absorption rate of the prepared nanoemulsion were measured. Based
on the results, the formulation with the minimum particle size and
maximum skin absorption rate was optimized, and the surfactant
content of 5.0 wt%, oil content of 2.0 wt%, HPH pressure of 1,000
bar, and the number of HPH of 4 pass were derived as the optimal
conditions. The physical properties of the nanoemulsion prepared under
optimal conditions, the pH was 6.90 £ 0.01, the particle size was
111.6 £ 0.2 nm, the PDI was 0.247 + 0.014, and the ZP was -56.7 £
1.2 mV. The skin absorption rate of the nanoemulsion was compared
with emulsion as a control. After 24h, the result of the nanoemulsion
and general emulsion skin absorption test, the cumulative absorption
rate of the nanoemulsion was 79.53 * 0.23% and the emulsion was

66.54 * 1.45%, nanoemulsion was 13% higher than the emulsion.
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