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Abstract

A Study of Skin Permeation of Nanoemulsion

Containing Tocopheryl acetate

Hui Ju Kim
Department of Chemistry, Graduate School

Jeju National University, Korea

Supervised by Professor Kyung-Sup Yoon

The skin is divided into three parts: the epidermis, the dermis, and the
subcutaneous fat, and the stratum corneum, which is located at the top of the
epidermis, acts as a barrier that prevents drug delivery. Nanoemulsions are
known to be effective in transdermal delivery of drugs through intercellular lipids
because of their unique small particle size. In this study, for effective skin
absorption of Vitamin E Acetate, nanoemulsion prepared by high—energy and
low—energy methods was optimized using response surface methodology. As a
preliminary experiment, frational factorial design and full factorial design were
performed. Based on the result of the factorial design, the high energy method
used the surfactant content (3.0 ~ 9.0 wt%), high pressure emulsification
pressure (600 ~ 1,000 bar), and the number of high pressure emulsification (5 ~
13 pass) as factors and the low energy method was the cosurfactant content (5.2
~ 7.8 wt%), oil content (13.0 ~ 23.0 wt%), and emulsification temperature (75 ~
95C) were used as factors. A Box-Behnken design was performed with the
reaction variable as the particle size of the nanoemulsion. HPH and PIT

nanoemulsion were optimized according to the response surface methodology

= vii -



results, and skin absorption rates of the two nanoemulsions were compared. As a
result, the final skin absorption rate was 3.84 * 0.26% of PIT nanoemulsion and
891 = 1.57% of HPH nanoemulsion, confirming that the skin absorption rate of

HPH nanoemulsion was better.
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1-3. 12¢H-3P 9 (High-Pressure Homogenization method, HPH method)
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1-5. DL-a-tocopheryl acetate (Vitamin E acetate)

a-tocopherol (Vitamin E)& A &4 @22 A A H4kst Az wrsoA A
A guzstEe o AslERE AEXes BEdch x| vk absbe] wzkshe
shFol A o] Abgol ER3t ole e dAS S5 A sFE Az A <
A%k Vitamin E esterE A5 AFE-3tt}. Vitamin E9] hydroxyl group< 714t
Adkx o 2 ol M EALS] carboxyl groupie] esterstel o3 Atsl2HEH REHE

T o daksl dAo] ¢l acetate = succinate - E=A9F BL esters &

Figure 2. Chemical structure of DL-a-tocopheryl acetate.

DL-a-tocopheryl acetate (Vitamin E acetate, VEA)= Vitamin E°lA] 3%
A8 =d= 3eA kA S vEd sdsEel de AR ¥ Vitamin E
acetater= I Ho] AE& Al ¥Fo A= &47} provitamin EE active vitamin E
2 W3gtth Active vitamin Ev¥ FEA o2 AW wAibstel ddE IR =
Pl zhgete] Aol domFY IHE BEstil w37t JdHE AS A AA
Z1t}433,35,361.

2 AT A& Vitamin E acetates FaAdw 02 3to] Yo BdE A=t
b Wk E A (Response Surface Methodology, RSM)-& S HH(X) ¢} vk

SHFY) e #A 245 AT $A =7olth. RSM& AR&&to] ey~
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2-1. €8 ¥ 7]7]

2 AFoA Ymeldd AxE st AHEAHAE Sunsoft Q-18Y-C,
Eumulgin Bl, Eumulgin B2& AH8-8H3la1, B2 3k4] 2= Kalcol 68503 GMS 105
2 AF835tgth 29 E Dekanex 2004 FG, Meadowfoam seed oilS AF-&3}9) 0 H
1,3-BG, Glycerin % 1,2-HexanediolS Z &< & AFE3Ath AAFE= 755 A%
7I(EXL1 Analysis, VIVAGEN, Korea)& ©]&3lo] #A|lx¥ 33 SF/HTE AHESI3th
(Table 1).

HPH YxolHHdE Axs7] fste] T2 A (T.K. auto homomixer mark Il
2.5, Tokushukika, Japan)®} I3 71(NLM1000, Ilshin autoclave, Korea)E A}
&38k3lal, PIT vieol®d AlxES $3) Hot Plate (PA1180, LK Lab, Korea)E
AREsE T deelE e dx=ar] 3 giEAtE A4S fl8 e AlEALol A
(Nano ZS System, Malven Instrument Ltd., UK)E A}&3}1t}t. Tocopheryl
acetate T UxdEHde IEFZFFES LA S=dH HPLC (Waters 2695,

Waters, USA)S AF-&3}%1



Table 1. List of used raw materials

INCI Name

Trade Name

Company

Polyglyceryl-10 stearate

Sunsoft Q-18Y-C

Taiyo Kagaku Co.,

(Japan)

Ltd.

Alba
(Meadowfoam) seed oil

Limnanthes

Meadowfoam seed oil

Kerfoot (UK)

KL-Kepong Oleomas Sdn. Bhd.

Glycerin Glycerin
(Malaysia)

Butylene glycol 1,3-BG Daicel (Japan)

1,2-Hexanediol 1,2-Hexanediol Twin -~ Coschem  Co.,  Ltd
(Korea)

Ceteth-12 Eumulgin Bl BASF (Germany)

Ceteth-20 Eumulgin B2 BASF (Germany)

Cetearyl alcohol

Kalcol 6850P

KAO (Japan)

Glyceryl stearate SE

GMS 205

Iishinwells (Korea)

Hydrogenated polydecene

Nexbase 2004 FG

Jan Dekker (Netherlands)

Ethylhexylglycerin

Saskin 50

Sachem (USA)

Stearic acid

Stearic acid

Palm Oleo (Malaysia)

Cholesterol

Cholesterol JP

Nippon Fine Chem. (Japan)

Glyceryl caprylate

Lexgard GMCY

Inolex (USA)

DL-a-tocopheryl acetate

Tocopheryl Acetate

Sigma-Aldrich (USA)




Oil phase
Containing oils and
surfactants

Heating to 75°C ‘ ) Heating to 75°C

Mixing } Water Phase
Homo: 2,000 rpm

_ ! Containing polyols and
Time: 10 min preservatives
Temp.: 75°C

Cooling 1o 45°C ‘v

High Pressure
Homogenizing
Pressure: 600-1,000 bar
Cycle: 5-13 pass

2

[ HPH nanoemulsion ]

Figure 3. Preparation of HPH nanoemulsion.



Inc., USA)E At&3dte] HPH Y=ol B4 Axol] 43S F= 6714 ad(AH g
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=
rE

AR sk, HPH wheol md o] ¢xp=7]
= T3 stAtHTable 2).

Table 2. Experimental conditions for the 2°° fractional factorial design of HPH

method

Factor Minimum Maximum
A: Surfactant (wt%) 1.0 9.0
B: Oil (wt%) 1.0 9.0
C: Polyol (wt%) 12.0 24.0
D: VEA (wt%) 1.0 5.0
E: Pressure (bar) 400 1,000
F: Cycle (pass) 3 7
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A 200 AR QAMAY S Tl FadAE ARG A A QAAREHA T,
st 9, ARt 39S AR shal HPH vieolE Ao fdxar1E v
SWFR gto] 20 b amA Y-S a3t tHTable 3).

Table 3. Experimental conditions for the 2° full factorial design of HPH
method

Factor Minimum Maximum
A: Surfactant (wt%) 1.0 9.0
B: Pressure (bar) 400 1,000
C: Cycle (pass) 3 7
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Table 4. Run table for the steepest ascent method of HPH nanoemulsion

Run Surfactant (wt%) Cycle (pass)
1 5.00 5
2 8.76 7
3 12.52 9
4 16.28 11
5 20.04 13
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2-2-5. Box-Behnken designs ©]83 HPH UXxoH A & %3}

Vitamin E acetate 3 HPH YXx=olHH #2435 93] Box-Behnken designs

STk AQMAYS B MUY RS wpgoE AVBYA T, 1Y

]_

£ WS HFR A tH(Table 5). T4 4 53] RtEAYAS E£3%

= - “

N

LA S |

3t o2, ashfrsl sl49] 37448 RSM 1Ak A4Skl HPH el 34
Ly

-

Table 5. Independent variables range of HPH nanoemulsion optimization
experiments

. Level
Independent variables - -
Low(-1) Middle(0) High(+1)
A: Surfactant (wt%) 3.0 6.0 9.0
B: Pressure (bar) 600 800 1,000
C: Cycle (pass) 5 9 13
Dependent variables Goal
Y, Particle size (nm) Minimize
Y, PDI Minimize
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2-3. Aol A] Wls ol &3 Ywoldd Alx

R4 fud

2-3-1. PIT Yxoddde Azx

Hot Plateg AR&3te] AMEAH A} 2 dS 233 43 45 Ad2% o
Foz Ztdste] ddsA Edetith 1§ 2RE FAE TS fAdel A

Oil phase
Containing oils and
surfactants

Heating ‘ *

Mixing Water Phase
Using magnetic stirrer Containing polyols and
Time: 10 min preservatives

Cooling quickly to 3¢°C w‘

[ PIT nanoemulsion ]

Figure 4. Preparation of PIT nanoemulsion.
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2-3-2. AHQ
B Ag o A= Design-Expert® Software Version 11 (Stat-Ease, Inc., USA)
E AFEste] PIT Yol Az 43S Fv 67H4] SJqARSdA 3,
HEAALA 3,
NEA JArA7ol 7 F PGS F= FoAANS Al 268 g gl

A sk th(Table 6).

Table 6. Experimental conditions for the 25 fractional factorial design of PIT

method
Factor Minimum Maximum
A: Surfactant (wt%) 8.4 126
B: Co-Surfactant (wt%) 52 7.8
C: Oil (wt%) 13.0 23.0
D: VEA (wt%) 1.0 5.0
E: Time (min) 5 10
F: Temperature (C) 80 90
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%]:/\1 26 [e))]

AAA S 2o T FELeE)S ©
Hhe AR alo] 28 9bd Q Qi X M-S a8kl tH(Table 7).

Table 7. Experimental conditions for the 2° full factorial design of PIT method

Factor Minimum Maximum
A: Co-surfactant (wt%) 5.2 78
B: Oil (wt%) 13.0 23.0
C: Temperature (C) 80 95
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Table 8 Run table for the steepest ascent method of PIT nanoemulsion

Run Co-surfactant (wt%6) Temperature (C)
1 5.2 67.85
2 5.85 77.68
3 6.5 87.51
4 7.15 97.34

_17_



2-3-5. Box-Behnken designs ©]&3%F PIT Yx=odd 43}

Vitamin E acetate 3 PIT Y=o Z2d 2 3E <9l3] Box-Behnken design

S T SAMAEE F3k AgnjAd AnE nfgow RxAHSAAA &

, 9 skeF 3o 371K E RSM QA= AAsa PIT YxeddBd A}
h

£ WHEHFR SAtHTable 9). T44 53] viEAAS =

%
rob

Table 9. Independent variables range of PIT nanoemulsion optimization

experiments
Independent variables Level
Low(-1) Middle(0) High(+1)
A: Co-surfactant (wt%) 5.2 6.5 7.8
B: Oil (wt%) 13.0 18.0 23.0
C: Temperature (C) 75 85 95
Dependent variables Goal
Y. Particle size (nm) Minimize
Y, PDI Minimize
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2-4. Vitamin E acetate 3 Yol E A9 in-vitro ¥ FSFA &

Vitamin E acetate & YoExeo viR&

N
o
o
o,
N
4
ol
ol
N
(e
o)
e
o3
=]
K

diffusion cell methodE ©]&3}e] in—wvitro IHFSFAIEES 33U

Q sk el Strat-M membrane (Merck

-

&

ftlo

Membrane®. 2+ 22 =& HAL

of

Millipore, Billerica MA, USA)& AH&3}%13L, receptor &0 2= EAAF 9]
S == 18 ste] 50% ethanol : Polysorbate 20 = 94 : 6 (v/v) &S Al-&3}
At

[ ] 1]

Membrane ¢

Water out 4—'—

Water in _|-> ' . /

Figure 5. Schematic diagram of Franz diffusion cell.

Franz diffusion cello]l membranes A AIZl & 12 mL9 receptor &S F
oot %5 37 £+ 1CTE 349 30 min &< SHASAI AT 71§ donordll 500
uL A 25 78Tt 1,4, 8,24 h Ao 9RES5 A2E A3, HPLC
£ o] &3}o] Vitamin E acetate®] T35S A F

24 h % membraneo| Wolgli= vitamin E acetate?] %S A3 9l
membrane T713}9] receptor &N 07 A Hdto] 1670w A AESTE o] F
membrane Z*7+S receptor €9 5 mLe|l ¥ 60 minit %

(JAC-3010, Kodo Technical Research Co., Ltd., Korea)& o] &3}o] &A% &
HPLCE o] &3t A4 stalth(Table 10).
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Table 10. Condition of HPLC analysis
System Condition
Column Kromasil C18 column, 5 pym, 4.6x250 mm (AkzoNobel, Netherlands)
Detector 2998 Photodiode Array (PDA) Detector (Waters, USA)
Flow rate 1.0 mL/min
Mobile phase Methanol : Isopropanol = 25 : 75 (v/v)
Detector
wavelength 284 nm
Injection volumn 10 uL
Time 10 min
= A& AFEste] AlLlerSdoHA40]

Vitamin E

QE SAMAY T, C, ndAl AR A FLNA AA

acetate?] IF FFE&2> ¢

Z} Franz diffusion cell®] ¥3], S= A& A3 F3 A

ol t}.
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m. 23 2 u3

SEAY. YodA Az HFIgFS F= oz AWEA A (surfactant,
SAA) 3= o e, Eele =, VEA &%, asbast o9, ashrst 3l
2

ol 67448 A ;

Hoz F 839 Ado] AU (Table 11), A
FATNE My o R BAREAS F33ttHTable 12).

Table 11. Experimental matrix for the 262 fractional factorial design of HPH
method

Factor 1 | Factor 2 | Factor 3 | Factor 4 | Factor 5 | Factor 6 | Response 1

Std | ASAA B:0Oil C:Polyol | D:VEA | E:Pressure | F:Cycle Size

wt% wt% wt% wt% bar pass nm
1 1 1 12 5 1000 7 1974
2 9 1 12 1 400 7 159.6
3 1 9 12 1 1000 3 191.7
4 9 9 12 5 400 3 203.8
5 1 1 24 5 400 3 314.2
6 9 1 24 1 1000 3 109.1

7 1 9 24 1 400 7 229
8 9 9 24 5 1000 7 72.71
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Table 12. ANOVA of the 2°° fractional factorial design of HPH method

Source SS df Mean F-value p-value
Model 38194.82 6 6365.80 42863.76 0.0037 significant
A-SAA 18729.83 1 18729.83 126116.21 0.0018
B-0il 862.99 1 862.99 581091 0.0084
C-Polyol 94.46 1 94.46 636.06 0.0252
D-VEA 1217.96 1 1217.96 8201.05 0.0070
E-Pressure 14085.97 1 14085.97 94847.05 0.0021
F-Cycle 3203.60 1 3203.60 21571.26 0.0043
Residual 0.1485 1 0.1485
Cor total 38194.97 7
P 8. il el 00

T T T T T T T T T T
4 5 5 gy 5

D: VEA (wt%) E: Pressure (bar) F: Cycle (pass)

Figure 6. Main effect plot for particle size obtained from the 2% fractional factorial
design of HPH method.
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Ao QAo 1A= FFS 918 cHTable 13).

Table 13. Experimental matrix for the 2° full factorial design of HPH
method

Factor 1 Factor 2 Factor 3 Response 1

Std A: Surfactant B: Pressure C: Cycle Y. Size

wt% bar pass nm
1 1 400 3 191.3
2 9 400 3 190.9
3 1 1000 3 190.2
4 9 1000 3 140.8
5 1 400 7 185.3
6 9 400 7 1789
7 1 1000 7 142.9
8 9 1000 7 35.1

Table 14. ANOVA of the 2° full factorial design of HPH method

Source SS df Mean F-value | p-value
Model 10007.615 5 2001.523 150.26 0.0066 | significant
A-SAA 1624.5 1 1624.5 121.96 0.0081
B-Pressure | 4389.845 1 4389.845 329.57 0.0030
C-Cycle 1830.125 1 1830.125 137.40 0.0072
AB 1260.02 1 1260.02 94.60 0.0104
BC 903.125 1 903.125 67.80 0.0144
Residual 26.64 2 13.32
Cor total | 10034.255 7
TAREA Ay ARG A e st oFe, nbst Sl AHgdA &
g £o %2 HPH Yieoldd Az fomd J&F(p<0.05)< "xth &= AW
Ak ok ) FEAE, GRS G N5 A4S P HPH o
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oA Al Fol folg dFHp<0.05)S MA= A gls it (Table 14).

200 Warning! Factor invobeed in AB intsraction. 200 | Warning! Factor invabeed in multiple interactions.
180

180

160 - 160 -

140 40

Size (nm)
Size (nm)

120 1za

100 100

| I I l} I ] | I | I I I
1 3 3 4 Q 400 500 600 700 EBOO 00 1000

A SAA (w35 B: Pressure (bar)

200 | Warning! Factor invobeed in BC interaction,

180

160 -

140

Size (nm)

120 -

100

C: Cycle (pass)

Figure 7. Main effect plot for particle size obtained from the 2° full factorial design
of HPH method.
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Design-Expert® Software
Factor Coding: Actual

Size (nm)

X1 = B Pressure
X2 = C: Cycle

Actual Factor
ASAA =35

W
A 7

3
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=
[}
N
w
Design-Expert® Software
Factor Coding: Actual
Size (nm)
X1 = Al SAA
X2 = B; Pressure
Actual Factor
Coyde=5
W 500
A B+ 1000
B
[
=
[}
N
wv

Figure 8. Interaction effect plot for particle size obtained from the 2° full factorial

design of HPH method.
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3-1-3. AvNFAES ol 6% HPH W #2127 2y
P27 7F ZolAl = A¢E sty Y AN A S T8t 848
Aui X Ay i3t dHol SUEFSE XA 7 AA FASEE 3
3 ¢4=ES 1,000 barz AR AASAGA HFS T4 50 wtnE
71 o2 376 wt%® S7HAI71a, bt S E FAER) 5 passE 7S
2 2 pass® T7HAIA F 539 23S sk
ARG & DL 14K Sert SUHETE veodEde] fJAATE
rAastg o AAEAA shEF 20.04 wt%, 113 319 13 pass¥ u] A}
A7) 227 £ 0485 nm=E 7HE A2 Fs 7FAtH(Table 15).
Table 15. Results for the steepest ascent method of HPH nanoemulsion
Run | Surfactant (wt%) Cycle (pass) Size (nm) PDI
1 5.0 5 111.0+0.723 0.206+0.007
2 8.76 7 87.5+0.439 0.239+0.006
3 12.52 9 56.6+0.396 0.256+0.012
4 16.28 11 37.2+0.557 0.270+0.003
5 20.04 13 22.7£0.485 0.297+0.028
au Y AdAabgel ARE wgew AUDAA FFB0 ~ 90
wt%), L3F =600 ~ 1,000 bar), 143+ 34(5 ~ 13 pass)® RSM
A4 R $F2 APt
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3-1-4. Box-Behnken designs ©]-83% HPH Yxddd 43}

SAMAHE St ou] AFdANE vigoez AW B0 ~ 9.0
wt%), 3k =600 ~ 1,000 bar), i3 345 ~ 13 pass)S A

D =ES HAE9 ) Vitamin E acetate &+ HPH Yol d2d HA3E 93]

Box-Behnken designs 313831 aL, Al 7FA] 21x7} vk 4=2] HPH =o'

A g7 2 oAtz v GEFs gleidn dA dRAY SAH
(Center) 53] WFEAHS E3lsle] TAHOZREH Y3 A 8T
Behnken design

9% (IBFact) 12319 % 1739 2¥S P39t Box-
A3E Table 169 YERNSLIL, A3 dHlolHE

il
o
§=)
OE
HU
™
[
Mz
o

L

Table 16. Box-Behnken design experiments for HPH nanoemulsion

optimization
Factor 1 Factor 2 Factor 3 Response 1 | Response 2
Std | P | ASAA | BiPressure | CiCycle Size PDI
wt2% bar pass nm
1 IBFact 3.0 600 9 155.70 0.192
2 | IBFact 9.0 600 9 125.30 0.243
3 | IBFact 3.0 1000 9 118.53 0.182
4 | IBFact 9.0 1000 9 72.00 0.237
5 | IBFact 3.0 800 5 144.87 0.165
6 | IBFact 9.0 800 5 120.70 0.225
7 | IBFact 3.0 800 13 123.47 0.184
8 | IBFact 9.0 800 13 34.63 0.241
9 | IBFact 6.0 600 5 142.50 0.221
10 | IBFact 6.0 1000 5 109.47 0.212
11 | IBFact 6.0 600 13 121.20 0.194
12 | IBFact 6.0 1000 13 85.75 0.198
13 | Center 6.0 800 9 123.70 0.207
14 | Center 6.0 800 9 110.03 0.202
15 | Center 6.0 800 9 111.67 0.202
16 | Center 6.0 800 9 106.87 0.189
17 | Center 6.0 800 9 106.40 0.204
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3-1-4-1. YAZ7I(YDol v A= g3

Box-Behnken design 235 &F3 Al 71A AAAAD A b=k, 2473}
e, 1R )7 SRS YxdEde] dxtarvid wAE dEs
gl st Ao

Table 17. ANOVA for reduced quadratic model

Source SS df Mean F-value p-value
Model 7156.26 8 894.53 22.69 0.0001 significant
A-SAA 2447.90 1 2447.90 62.10 <0.0001
B-Pressure | 3158.14 1 3158.14 80.11 <0.0001
C-Cycle 1313.03 1 1313.03 33.31 0.0004
AB 65.04 1 65.04 1.65 0.2349
AC 53.80 1 53.80 1.36 0.2763
BC 1.46 1 1.46 0.0371 0.8520
A* 106.02 1 106.02 2.69 0.1397
B* 7.39 1 7.39 0.1876 0.6764
Residual 315.37 8 39.42
Lack of fit 117.17 4 29.29 0.5911 0.6885 not significant
Pure error 198.20 4 49.55
Cor total 747163 | 16

29 o] xthak A (reduced quadratic) 23 o] oSl 23t
value (<0.05)¢} F-value= ©| v}k H3Eo] AlxH

p~v
S 2 UEhde melEth vheolwa gxasle] B Ak N EURy

Y, = 11248 - 1749A - 1987B - 1281C -4.03AB -367AC -061BC
+ 501A% + 1.32B°

Vi vheo@ae] 442718 ojvjsha
2, Ct 1M A4S UETh SR Ave Seld i EuRY

S
p-value ¥ F-value 3t 7 Hb-$¥H 521 Yo H A ] Jxp=a7]o] o Q1x}7}
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Design-Expert® Software

Factor Coding: Actual

Size (nm)
@ Design points above predicted value
O Design points below predicted value

72 I 1557

X1 = AISAA
X2 = B: Pressure

Actual Factor
CiCycle=9

Design-Expert® Software
Factor Coding: Actual
Size (nm)

@ Design Points

72 I 1557

K1 = AL SAA
X2 = B: Pressure

Actual Factor
CCyde=19

B: Pressure (bar)

Size (nm)

Az SAA (wt%) 1000

800

B: Pressure (bar)

Size (nm)

1000

A: SAA (wt%)

Figure 9. 3D surface model for particle size of HPH nanoemulsion depending on

surfactant and HPH pressure.
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Design-Expert® Software
Factor Coding: Actual

Size (nm)
@ Design points above predicted value
O Design points below predicted value

72 I 1557

X1 =4 SAA
¥2 = C: Cydle

Actual Factor
B: Pressure = 800

Size (nm)

A: SAA (wt%) 13

C: Cycle (pass)

Design-Experts Software Size (nm)

Factor Coding: Actual
? 13

Size (nm)
@ Design Points

72 I 1557
X1 = A SAA
X2 = C: Cycle

Actual Factor
B: Pressure = 800

C: Cycle (pass)

A: SAA (wt%)

Figure 10. 3D surface model for particle size of HPH nanoemulsion depending
on surfactant and HPH cycle.
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Design-Expert® Software
Factor Coding: Actual

Size (nm)
@ Design points above predicted value
O Design points below predicted value
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X1 = B: Pressure
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Actual Factor
A SAA=G
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B: Pressure (bar)
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B: Pressure (bar)

Figure 11. 3D surface model for particle size of HPH nanoemulsion depending
on HPH pressure and HPH cycle.
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3-1-4-2. T2 =(Yy)oll v A= 9
Box-Behnken design 23 A 7} QIAHAIHGAA &=&F ad73 4=
A3t Bl b Sl Yo WA ] AR w X = gk Fols)

o},

2 K

Table 18. ANOVA for linear model

Source SS df Mean F-value p-value
Model 0.0063 3 0.0021 19.83 <0.0001 significant
A-SAA 0.0062 1 0.0062 58.93 <0.0001

B-Pressure 0.0001 1 0.0001 0.5226 0.4825
C-Cycle 0.0000 1 0.0000 0.0427 0.8396
Residual 0.0014 13 0.0001

Lack of fit 0.0012 9 0.0001 2.75 0.1714 not significant

Pure error 0.0002 4 0.0000
Cor total 0.0076 16

Table 18¢] ZA¥}= A4 (Linear) R0l oSol #gdhs vehdith. 29
p-value (<0.05)¢} F-valuex o] ttald mgo] {oA44S& 7HAS u st
Lack-of-fit p-value (>0.05)= Rdo] Foiz JAgqA Al2"S 2 YEPHS

ol vl gl vk =el ik Alke wkE

=3
)
il
o
v
ulles
i)
Y

Y, = 0206 + 0.0279A - 0.0026B - 0.0008C

bRl gk Al 7HA Ak maE AlZstekr] fle) v 2E ] 3D

surface ¥ T34 THZE A A HFigure 12-14).
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Figure 12. 3D surface model for polydispersity index of HPH nanoemulsion
depending on surfactant and HPH pressure.
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Figure 13. 3D surface model for polydispersity index of HPH nanoemulsion
depending on surfactant and HPH cycle.
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Figure 14. 3D surface model for polydispersity index of HPH nanoemulsion

depending on HPH pressure and cycle.
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Figure 12+ 1943t 3l+E 9 pass® 1At AW =) a3t

FEs WstAZT. AR delA ARSAAA FFFe]l FMETE thEAlE
B BHATHP<0.05). = asH3t hHo] St E v

L7F #Hadhe e Blov 2 4 wmgitH(p>0.05).

Figure 13% 1193} ¢HS 800 bar® 1Asta AWASEA A &y a9h#-34

A5 WAz A ol AR ifo] SIS gEAET)
= BFE<000)S Boy, st Slae vt 2 4%

< HAA] FATHP>0.05).

Figure 14+= AWEAA S 6.0 wt® 1ASY 13F3F 48 2 3=

WA ZTh aehrsk Y R SlgT S7FE S yoldde] gEt=rt A

o &S Hilou 1 make v v etk (p>0.05).
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3-1-5. & HPH Yo dA A%

-

Box-Behnken design Z23E vl® S % Vitamin E acetate - HPH Yol &

Aol HA3E 43939t Vitamin E acetate 3 HPH UxodE XS 23
21 el A Yol dde] dxar] 2 gt HAGS A e AE 5RE

StATh koA A3 ZHS wgow AWMIAA g 50 wit%, LYH3
8 1,000 bar, L3t 34 13 passE HA Hoz AEEtH(Table
19).

Table 19. Optimization HPH nanoemulsion condition

Independent variables Optimum conditions
A-Surfactant (wt%) 5.016
B-Pressure (bar) 1,000
C-Cycle (pass) 13
Dependent variables Predicted value
Y1-Size(nm) 89.32
Y2-PDI 0.193

th 33 W Azstel oWl YA=y] D GRAEE S45HAT, A4
27 9 SRARES} o ggte] 95% AESE olllel Eelet A FAsdn

(Table 20).

Table 20. Confirmation of HPH nanoemulsion

Solution . SE | 9% PI | Data | 95% PI

32 of 48 | Predicted | Std Dev | n Pred low Mean high
Size 89.32 6.28 3 6.47 7440 | 9228 | 104.24
PDI 0.193 0.010 3 0.008 0.175 0.206 0.211

Std Dev (Standard Deviation), SE Pred (Standard Error Predicted), PI (Predictive
Interval)
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(13.0 ~ 23.0 wt%),
VEA 3F(1.0 ~ 5.0 wt%), T3A17H5 ~ 10 min), #3F=%(80 ~ 90T)¢] 6
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Table 21. Experimental matrix for the 2°° fractional factorial design of PIT
method

Factor 1 Factor 2 Factor 3 | Factor 4 | Factor 5 Factor 6 Response 1
Std A'SAA | B:Co-SAA C:0il D:VEA E:Time F:Temp. Size
wt% wt2% wt% wt% min degree C nm
1 8.4 52 13 5 10 90 53.79
2 12.6 5.2 13 1 5 90 40.66
3 8.4 7.8 13 1 10 80 58.64
4 12.6 7.8 13 5 80 40.92
5 8.4 5.2 23 5 80 188.37
6 12.6 52 23 1 10 80 203.93
7 8.4 7.8 23 1 5 90 89.23
8 12.6 7.8 23 5 10 90 66.35
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Table 22. ANOVA of the 2°° fractional factorial design of PIT method

Source SS df Mean F-value p—value
Model 29,668.62 3 9,889.54 63.19 0.0008 significant
B-Co-SAA 6,705.40 1 6,705.40 42.85 0.0028
C-0il 15,653.00 1 15,653.00 100.02 0.0006
F-Temp. 7,310.22 1 7,310.22 46.71 0.0024
Residual 626.00 4 156.50
Cor total 30,294.62 7

= Warningl Fact =
o] 200, 0g_|
se| 15
B E £
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b i
B g & &
5o 50,
T T T T T T T T T T
84 a1 28 05 neoots 126 51 s8s a5 715 78 13 15 7 19 2 5
A SAA (wita) B: CoSAA (wt%) C: Ol (wtie)
250 Warning! Fsctor notin model 20| Warning! Factor notin mods 250,
00| 20 00|
so| 150, 50|
: E E
W w I
I I
2 e A ) @
se| 2.

D; VEA (wi%) E: Time (min) ’ ’ ) F:TEm;EramrE{dEgrEeC; '
Figure 15. Main effect plot for particle size obtained from the 2°° fractional
factorial design of PIT method.
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3-2-2. St A g & o] &3 PIT WH A &=+ 24

dF-aQluiA Y Axte wygor HeAWSdA 4F0G2 ~ 78 wtk), &4

(130 ~ 23.0 wt%), 350 ~ 9H5T)E QA= MA o] 28 2k Q)
AME A Al 7hA 8.90e] Wl PIT Yimol @] fxp=7]

Table 23. Experimental matrix for the 23 full factorial design of PIT method

Factor 1 Factor 2 Factor 3 Response 1
Std A:Co-SAA B:Oil C: Temperature Size
wt2%6 wt% degree C nm
1 5.2 13 80 48.22
2 7.8 13 30 49.86
3 5.2 23 30 165.43
4 7.8 23 80 72.94
5 5.2 13 95 48.39
6 7.8 13 95 49.01
7 52 23 95 117.83
8 7.8 23 95 67.66

Table 24. ANOVA of the 2° full factorial design of PIT method

Source SS df Mean F-value | p-value
Model 11,967.51 4 2,991.88 11.38 0.0370 | significant
A-Co-SAA | 2,464.02 1 2,464.02 9.37 0.0549
B-0il 6,519.68 1 6,519.68 24.80 0.0155
C-Temp. 358.58 1 358.58 1.36 0.3272
1

3

7

AB 2,625.23 2,625.23 9.99 0.0509
Residual 788.61 262.87
Cor Total 12,756.12
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Figure 16. Main effect plot for particle size obtained from the 2° full factorial design
of PIT method.
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Figure 17. Interaction effect plot for particle size obtained from the 2° full factorial
design of PIT method.
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S 2 065 wt%eH F7HA7IAL, FE2EE 67.85C 7|Fom 983TH S7HAA
43]] del& sk THTable 25).

Table 25. Results for the steepest ascent method of PIT nanoemulsion

Run | Co-SAA (wt%) | Temperature (C) Size (nm) PDI
1 5.20 67.85 99.48+1.968 0.173+0.009
2 5.85 77.68 44.50+0.435 0.191+0.009
3 6.50 87.51 47.22+0.722 0.237£0.011
4 7.15 97.34 58.75+1.241 0.363+0.011

QoA HgAH el AE wpgo® Al ZhA 1AF (BEAE /A
I (52 778 wtX), &Y T (130 T 23.0 wt%), 3= (75 T 957)) 9]
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3-2-4. Box-Behnken designe ©]&3t PIT vxdldd & 43}

QRMIAIHE S v AFARE AR o R ARZAELEA
7.8 wt%), & #&F (130 T 23.0 wt%), F&E%E (75 T 9BT)E AAE AA
3t9a1, Vitamin E acetate 3+ PIT YiolEH HAstE 93l Box-Behnken
designs T3tk A JHA S T4 (Center) 53] WHEAAS EFHeto]

dg A aQAdFY T3 (IBFact) 12319 F 173]9]

==

stk (52 T

Table 26. Box-Behnken design experiments for PIT nanoemulsion

optimization
Factor 1 Factor 2 Factor 3 Response 1 | Response 2
Std Stl;%%e A:Co-SAA B:0il C:Temp. Size PDI
wt2% wt% degree C nm
1 IBFact 52 13 85 51.21 0.225
2 IBFact 7.8 13 85 51.19 0.241
3 IBFact 52 23 85 199.4 0.144
4 IBFact 7.8 23 85 63.23 0.202
5 IBFact 52 18 75 140.3 0.168
6 IBFact 7.8 18 75 57.32 0.237
7 IBFact 52 18 95 61.26 0.140
8 IBFact 7.8 18 95 54.75 0.227
9 IBFact 6.5 13 75 47.60 0.229
10 | IBFact 6.5 23 75 144.33 0.222
11 | IBFact 6.5 13 95 46.06 0.218
12 | IBFact 6.5 23 95 72.93 0.148
13 | Center 6.5 18 85 78.39 0.222
14 | Center 6.5 18 85 53.50 0.153
15 | Center 6.5 18 85 56.31 0.200
16 | Center 6.5 18 85 54.55 0.174
17 Center 6.5 18 85 59.05 0.212
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3-2-4-1. YAZ7I(YDol v A= g3

Box-Behnken design A3 Al 7FA] QAN HZAHZA A &=
o2 %)7F vEe WSl PIT vddd dxtaz]ed vx= JFs 21313

o},

Table 27. ANOVA for quadratic model

Source SS df Mean F-value | p-value
Model 28927.65 9 3214.18 25.75 0.0001 significant
A-Co-SAA 6366.43 1 6366.43 51.00 0.0002
B-0il 10069.93 1 10069.93 80.68 <0.0001
C-Temperature | 2985.71 1 2985.71 23.92 0.0018
AB 4634.21 1 4634.21 37.13 0.0005
AC 1461.92 1 1461.92 11.71 0.0111
BC 1220.10 1 1220.10 9.77 0.0167
A* 1049.45 1 1049.45 8.41 0.0230
B* 961.31 1 961.31 7.70 0.0275
c? 21.51 1 21.51 0.17 0.6905
Residual 873.74 7 124.82
Lack of fit 449.73 3 149.91 1.41 0.3619 | not significant
Pure error 424.02 4 106.00
Cor total 29301.39 | 16

Table 27¢] A3+ o] x}t}bdlA] (quadratic) & o] oS A gHehS vepdlity =
& o] p-value (<0.05)¢} F-valuex ©] thahal m&o] FoAS 7FHS on| s},
Lack-of-fit p-value (>0.05)= E3o] T3 JFoA] A|~elS 2 YEH S B

ol FAth volEd 4k Arlel thEt AlgtE wheRuRde vhad 2o

Y, = 60.36 - 28.21A + 35.48B - 19.32C - 34.04AB + 19.12AC - 17.46BC
+ 579A% + 15.11B% + 2.26C?

Y1 PIT Yiodde] dx=7]E ov|stal, Ax HEAHUEASA = B= oY
b, Ot ahers gehinh, BARA Aste] m PITU o d A b
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Figure 18. 3D surface model for particle size of PIT nanoemulsion depending on

co-surfactant and oil.
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Figure 19. 3D surface model for particle size of PIT nanoemulsion depending on
co-surfactant and temperature.
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Figure 20. 3D surface model for particle size of PIT nanoemulsion depending on
oll and temperature.
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3-2-4-2. G2 =(Yo)oll VA= 9

Box-Behnken design 23 Al 7}A] QAN R ZAASAA| &F od =F

[e)
&
e )7 MMl PIT ol B thibee] MAe 938 Sestart

Table 28. ANOVA for Linear model

Source SS df Mean F-value p—value
Model 0.0134 3 0.0045 8.78 0.0019 significant
A-Co-SAA 0.0066 1 0.0066 13.04 0.0032
B-0il 0.0049 1 0.0049 9.56 0.0086
C-Temperature | 0.0019 1 0.0019 3.73 0.0756
Residual 0.0066 | 13 | 0.0005
Lack of fit 0.0034 | 9 0.0004 0.4689 0.8412 not significant
Pure error 0.0032 4 0.0008
Cor total 0.0199 | 16

Table 289 ZAi}= MFH(linear) = o] oo A33hs yehdoh 1239
p-value (<0.05)¢} F-value:x o] t}shd] 2ol HFAS 714L ¢
Lack-of-fit p-value (>0.05)= E3o] Fofx FAoA A28l & YElWS

HoFAT theolEd Rkl gk Aletd WHEEWHEREE S v 2k

Y, = 0198 + 0.029A - 0.025B - 0.015C

Yo el B4 thEAtEE ov]ata, Ax BEAUEAEA e BE oo §
&, C= 3t vepdnh 244 Al mhel v il vhEateed 7t
T IS VA 8l REANGAYA FFolal, 2 vE od FF, frat
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Figure 21. 3D surface model for polydispersity index of PIT nanoemulsion
depending on co-surfactant and oil.
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Figure 22. 3D surface model for polydispersity index of PIT nanoemulsion
depending on co-surfactant and temperature.
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Figure 23. 3D surface model for polydispersity index of PIT nanoemulsion
depending on oil and temperature.
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A Az

3-2-5. # A ] PIT Hi=el™d

Box-Behnken design A¥E vl¥ S 2 vitamin E acetate $Hr
Ao HAI=E 33t} Vitamin E acetate &+ PIT vi=od

el A voldde] fgxtar] 2 otAtEvE HARS A AE H3RE S
Atk Yol A AFE 2 vEo R HERAASAA I 625 wt, &4 3+

F3ex 2 202 MY3A T (Table 29).

A

SCE H

= 19.98 wt%,

Table 29. Optimization PIT nanoemulsion condition

Independent variables Optimum conditions
A-Co-SAA (wt%) 6.25
B-0il (wt%) 19.98
C-Temperature (C) 95
Dependent variables Predicted value
Y1-Size 57.79
Y2-PDI 0.167

HlEL © 2 Vitamin E acetate S PIT Yo dEH

Table 30. Confirmation of PIT nanoemulsion

Solution . Std SE | 95% PI| Data | 95% PI

51 of 56 | Predicted | oy N | Pred low | Mean | high
Size 57.79 1117 | 3 | 956 | 3518 | 6841 | 80.40
PDI 0.167 0009 | 3 | 0017 | 0131 | 0199 | 0203

Std Dev (Standard Deviation),

Interval)

SE Pred (Standard Error Predicted),
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3-3. Vitamin E acetate & Yo H A9 jn-vitro 355543

polgx] @ Ao A vhHo R A Z3k A Vitamin E acetate & th=old A
S HrEe7] 98l Franz diffusion cell methodZS ©]-&3fe] ¥ F-&9=A]
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Figure 24. Permeation profiles of Vitamin E acetate through Strat-M membrane from
the emulsion (mean+S.D., n=3) (p<0.05). HPH emulsion(l), PIT nanoemulsion(@).

HPH 2 PIT vheoB A A7HE 4 d|HF ek A 2524 81o] Figure 249 YE}
Ytk HPH 2 PIT Yo 84 2% 27] WA= GEAEY S0 AEHA &

—
=
o
-10('
_WL
-{m

deFo]l A Frlekes AEE Bt HPH Yol dd2 4 A =

4 h o] FHE Frpgo] ol wA Frtskdnh 24 WA F
Uio W o] Faake Al S8t Vitamin E acetate 33 Lol B39 2] 24
h A3 ¥ ¥4 F3eke HPH vieo|®d 23551 + 2454 pg/em?, PIT vieol @
363.27 + 1532 pg/em’ .2 PIT Yo dde] ¢ =2 Fiids Bk
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Figure 25. Remaining amounts of Vitamin E acetate through Strat-IM membrane from
the emulsion (meantS.D., n=3) (p<0.1).

24 h ©]% membranel] Zo}8l+= Vitamin E acetate®] 42 &4tk HPH Y
ol A4 o] membrane ZHF %2 310.53 + 9259 pg, PIT Y=o A 2] membrane 7+
22 15811 + 29.64 pgolAthFigure 25). HPH Y=ol 24 9] membrane ZHF3o] &
ZRlstlek o= PIT vieol el vla s o =717k & HPH Hhis
o 842 membrane &7} thA &9 YA7F membranee]l FHishHE Al7te] oA
TSR “EA A Ha weba] HPH vieoldde] %7] Faako] nnjghy} A9
membrane®l] FHFshE GFol Wolxl Ao Azherh
o849 jn-vitro JF-GFAE A PIT Yol dde] #E 935532 801.09
+ 5371 pg (7] ¥4 div] 3.84 + 0.26%), HPH Yol BAe] HE IHE5F
72737 = 12835 ng (7] £ =& div] 891 + 1.57%) 2.2 Vitamin E acetate®] I|5-

F5He PIT Uieolddo] o Egtov A4 7] £9% oiv] &g HPH
woE o] ¥ S48k Ath(p<0.05). ©l& Yol B wRFpe] ] 9] &

A ES GRS M)A e Ao 4z,
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