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A &=F 6.3%, a-bisabolol &=F 5.0%2 d=E et DREETAE A PIT YeodH 25 oS
FE2 35.11+1.01%, d2Q] drtelEo] HF mF34E2 2825+1.69%% PIT Hieodid o] o

$E5go] o $49He SHIsth
FAo] o Yo B, a—bisabolol, TEZS, VRSHEHELIE ErLE
Abstract : 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
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intercellular lipids because of their unique small particle size. In this study, phase inversion temperature
(PIT) nanoemulsion containing @ —bisabolol was optimized using response surface methodology (RSM)

for effective skin absorption of a —bisabolol. As a preliminary experiment, the 2°~ fractional factorial
design method and the 2° full factorial design method were performed. Box—Behnken design was
performed based on the results of the factorial design method. The content of surfactant (6.3~12.6%),
co—surfactant (5.2~7.8%) and « —bisabolol (0.5~5.0%) were used as factors, and the dependent
variable was the particle size of the nanoemulsion. PIT nanoemulsion optimization was performed

according to the RSM results, and as a result, the optimal nanoemulsion formulation conditions were
predicted to be 10.4% surfactant content, 6.3% co—surfactant content, and 5.0% « —bisabolol content.

As a result of the skin absorption test, the final skin absorption rate of the PIT nanoemulsion was
35.11+1.01%, and the final skin absorption rate of the general emulsion as a control was

28.25+1.69%, confirming that the skin absorption rate of the PIT nanoemulsion was better.
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Fig. 1. Molecular structure of a —bisabolol.
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Trade Name INCI Name Company
a —Bisabolol a —Bisabolol Sigma—Aldrich (USA)
1,3-BG Butylene glycol Daicel (Japan)
Dekanxe 2004 FG Hydrogenated polydecene Jan Dekker (Netherlands)
Eumulgin Bl Ceteth—-12 BASF (Germany)
Eumulgin B2 Ceteth-20 BASF (Germany)
Ethyl alcohol Ethyl alcohol Sigma—Aldrich (USA)
GMS 105 Glyceryl stearate Ilshin Wells (Korea)
Kalcol 6850 Cetearyl alcohol Kao (Japan)

Rheodol TW-L120V

Polysorbate 20

Kao (Japan)

Saskine 50

Ethylhexylglycerin

Sachem (USA)
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Fig. 2. Experimental matrix for the 2° full
factorial design.
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Dynamic light scattering 42 83 A%
EA47](Nano ZS, Malven Instrument Ltd, UK)
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Turbidometer (TU-2016, Lutron Electronics,
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7‘30}93\‘3}. qdHL FHFE o8t 1%= 3

Table 2. Experimental conditions for the 2°7 fractional factorial design

Factor Minimum Maximum
A: SAA (%) 12.6
B: CoSAA (%) . 7.8
C: Oil (%) 13.0 23.0
D: Temperature (C) 95
E: Time (min) 10
SAA: Surfactant, CoSAA: Co-surfactant
Table 3. Experimental conditions for the 2° full factorial design
Factor Minimum Maximum
A SAA (%) 12.6
B: CoSAA (%) 7.8
C: Temperature (C) 95
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Table 4. Independent variables range of PIT nanoemulsion optimization experiments

Independent variables Level -
Low(-1) Middle(0) High(+1)
Al SAA (%) 6.3 9.45 12.8
B: CoSAA (%) 5.2 6.5 7.8
C: a—-Bisabolol (%) 0.5 2.75 5.0
Table 5. Condition of HPLC analysis
System Condition
Column Kromasil C18 column, 5 gm, 4.6X250 mm (AkzoNobel, Netherlands)
Detector 2998 Photodiode Array (PDA) Detector (Waters, USA)
Flow rate 1.0 mL/min
Mobile phase Acetonitrile : 0.1% Acetic acid = 80 : 20 (v/v)
Detector wavelength 210 nm
Injection volumn 10 ¢L
Time 15 min
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Table 6. Experimental matrix for the fractional factorial design and particle size

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Response 1
A: SAA B: CoSAA C: Ol D: Temperature E: Time Size
% % % C min nm
1 6.3 5.2 18 95 10 64.94
2 12.6 5.2 18 85 5 244.03
3 6.3 7.8 18 85 10 88.03
4 12.6 7.8 18 95 5 62.44
5 6.3 5.2 28 95 5 110.5
6 12.6 5.2 28 85 10 205.77
7 6.3 7.8 28 85 5 94.28
8 12.6 7.8 28 95 10 93.51
Table 7. ANOVA of the fractional factorial design
Source SS df MS F-value P-value
Model 29286.75 3 9762.25 17.19 0.0095 significant
A: SAA 7688 1 7688 13.54 0.0212
B: CoSAA 10294.69 1 10294.69 18.12 0.0131
D: Tempeature 11304.06 1 11304.06 19.90 0.0112
Residual 2271.97 4 567.99
Cor total 5487.15 7
AR TN ol v Hee v uf 3.2, 2° ATMQOIHIXIHE 0|88 RSM ¢QIX
AEe] w3t Aol ZABHAG] el A a
$o14e AEols Wes BARARE WES  neoud X3 97 dradAel
T (source of vatriation), AlF2H(SS), ZHFE(dD), AHEAA| @-%1:, BzAASAA g gsten

HAAFMS), AS SAHF (p-value, F-vlaue) &
2 FAE019ITH13],
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250 250_] Warning! Factor involved in muttiple interactions. 250 ] arning! Factor involved in BC interaction
o 20| o0
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D: Temperature {degree C) E: Time (min)

Fig. 3. Main effect plot for particle size obtained from the fractional factorial design.

Table 8. Experimental matrix for the fulll factorial design and particle size

Factor 1 Factor 2 Factor 3 Response 1
Std A SAA B: CoSAA C: Temperature Size
% % T nm
1 6.3 5.2 85 81.71
2 12.6 5.2 85 253.43
3 6.3 7.8 85 92.39
4 12.6 7.8 85 73.87
5 6.3 5.2 95 111.37
6 12.6 5.2 95 314.93
7 6.3 7.8 95 101.43
8 12.6 7.8 95 82.2

Table 9. ANOVA of the fulll factorial design

Source SS df MS F-value P-value
Model 52771.51 4 13192.88 20.46 0.016 significant
Al SAA 13326.91 1 13326.91 20.66 0.020
B: CoSAA 22064.70 1 22064.70 34.21 0.010
C: Temperature 699.38 1 699.38 1.08 0.374
AB 16680.51 1 16680.51 25.86 0.015
Residual 1934.72 3 644.91
Cor total 54706.23 7
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00 _|

Warning! Factor not in model.

300

200

Size (nm)

100

T T T T T T
3 &1 ) o1 o o5

C: Temperature (degree C)

52 585 65 715 78
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Fig. 4. Main effects plot for particle size obtained from the 2° full factorial design.

Interaction

400 |

B: COSAA (Wt%)

300

200

Size (nm)

100

A: SAA (Wt%)
Fig. 5. Interaction effects plot for particle size
obtained from the 2° full factorial
design.
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Z 3712 A7 SRRl vkeoEAd A=A
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a -Bisabolol & PIT Ukodd HZsk=
$3ll Box—Behnken design2 35t A
ATA el FAHH (center) 53] HHEARE 23S

FHAHORRE TS A a4 F
474 (IBFact) 12%]9] & 173]¢] AdE s
9ot Box—Behnken design Z3HE Table 10
ey, 23t dlolgE HiEgez BARRAS
Y5t cH(Table 11).
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Table 10. Box—Behnken design experiments for PIT nanoemulsion optimization

St PIT Nanoemulsion®] #2Z3} 2 mRo oL

9

Factor 1 Factor 2 Factor 3 Response 1
Space Type A SAA B: CoSAA C: a —Bisabolol Particle Size
% % T nm
1 [BFact 6.3 5.2 2.75 97.51
2 [BFact 12.6 5.2 2.75 114.9
3 [BFact 6.3 7.8 2.75 80.67
4 [BFact 12.6 7.8 2.75 118.70
5 [BFact 6.3 6.5 0.5 83.55
6 [BFact 12.6 6.5 0.5 121.47
7 [BFact 6.3 6.5 5.0 85.81
8 [BFact 12.6 6.5 5.0 71.79
9 [BFact 9.45 5.2 0.5 187.70
10 [BFact 9.45 7.8 0.5 106.30
11 IBFact 9.45 5.2 5.0 80.45
12 [BFact 9.45 7.8 5.0 81.29
13 Center 9.45 6.5 2.75 82.61
14 Center 9.45 6.5 2.75 64.98
15 Center 9.45 6.5 2.75 85.56
16 Center 9.45 6.5 2.75 75.20
17 Center 9.45 6.5 2.75 65.99
Table 11. ANOVA for the model
Source SS df MS F-value p—value
Model 11169.06 6 1861.51 6.87 0.0042 significant
A-SAA 909.94 1 909.94 3.36 0.0968
B-CoSAA 1095.12 1 1095.12 4.04 0.0721
C- a —Bisabolol 3770.59 1 3770.59 13.92 0.0039
BC 1690.85 1 1690.85 6.24 0.0316
B’ 2658.82 1 2658.82 9.81 0.0106
C 863.91 1 863.91 3.19 0.1045
Residual 2709.59 10 270.96
Lack of Fit 2358.63 6 393.1 4.48 0.0841 not significant
Pure Error 350.96 4 87.74
Cor Total 13878.64 | 16

3.3.1 A7l ¥F= A= &Y

Table 119] Ait= =45 o|2Fc}aHAl (reduced
quadratic) B30l ool AerE e =
o] p-value (£0.05)2} F-value: ©] tha4] &
ol F94= 7HKE 9u|gtth. Lack-of-fit
p-value 00.05)= Z3o] Folxl FHolA Al
g2 vehde Hoggioh UleolEd dxt=
Zlof tigt At wheEHREgS th3u gt

Y, = 74.868 + 10.665A - 11.7B - 21.71C +
20.56BC + 24.93B* + 14.14C?

Y& UrodAde] darE Ynlstal, Ax
ARSAAA &=, BE EXAHSAA &%, Ce
a —bisabolol®] FeFo|rt. EAHEA Az el
o ke EHRY A p-value ¥ F-value
2 ZF BEgHa)l vrio'H 9] Qzta el of
A 17t o Fag ¥ uAErtE UEd
ot o &2 p-value®t © F F-value #2 2=
JIALFE wERge] o & kS mFITH15L
TAREA Ade] web vleodd YA
S 0|z Q918 g -bisabolol &
th2o] HExAHSA FF 2%
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200

99
108 ASAA(wt%)

B: CoSAA (wt%)

Size (nm)

C:a-bisabolol (wt%)

78 05

C:a-bisabolol (t%)

particle size of nanoemulsion depending on surfactant and
(b): particle size of nanoemulsion depending on surfactant and @ —bisabolol;

(c): particle size of nanoemulsion depending on co-surfactant and « —bisabolol.

ol

g}, HZAHEAHA D o -bisabolol &Fo] A5
289 «o®2 AT fouRt I
(p<0.05) HH Tt

ghS o] gk AI7FA] Q1zte] &S A1ZSE
st7] Qs AE B WellA Al kA Q1A & gt

Ne ZAA-] TAstL UYmz £ A s
SR A 22F ohdA B9l 3D Surface H 5
1A a2 zE A5kl (Fig. 6).

Fig. 6—a*= @ —bisabolol &%& 2.75%2 173
St ARSAA} BRAATAAA dFS Ws)
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AATE AEHEY oA AHSGA
dE RV A= BES
k= e vR]skATHp<0.05).
£ HXAHEGA o] IS A
Sttt REAHSAA s 6.5% HT
o= ko] IS AR Y St
= AEFS BEAHp0.05).

Fig. 6-be= HXAHSAYA F2S 6
st AAZAA L} o -bisabolol FFS
Zot, A9 WollAl a-bisabolol &Fo]
P2 YlooHA9] a7 frashe
HAH(p<0.05). AHEAA 3
fFomgt 9 UERgA

lo molx

ol Af
(p>0.05).

Fig. 6—c= AHSAAA FS 9.45%= 1174
5t HEZAHEAA L} a -bisabolol =S W35}
AZFtt. a -Bisabolol &&o] F71d4= 2He ¢
22718 7Hal, HERAWESGA ol 5.8~
12% BY 1 A dRA7E A=

7% SHlshr.

3.3.2. a—Bisabolol & nanoemulsion?]

235}

S}

85F PIT Nanoemulsion®] s} ¥ njlSs4HoAF

11

)

ERZ2 sty doA dgT X
AHEAAA T=F 10.4%, HZAHE
6.3%, a—bisabolol $HF 5.0%%5
Aeet A cH(Table 12).

A FALS viEFo2 g -bisabolol && PIT
UleodH-g Aokt 33 §HE Alxste] U
Lofdxe dAa71E S5k, Holdde]
AAA71E= 68.66 nm=z oA AT 7]9] 95%
AEEE o] ESoles A ghelstatt
(Table 13).

&
A

o,

o o of
RIS

BN
N

al

A

2 it

ol

KN
=

3.4. a —Bisabolol
O82E548

a —Bisabolol & PIT tl-odHde] mgss
H718l7] 9180 Franz diffusion cell method
ol gsote] WEEZLAGEE FsHATE PIT W
Lozt Aol AN2E o|stoA Al
fExOo 2 AHESIYTHTable

&S nanoemulsion?|

o8 L AutolRAe] Az A W%
Sajee Hepaalse] Fig. sol Uehigleh 27]
4 W712] el EAT} PIT theo]Ae] Faere
FARRE ol AALE olstoll A Axe At

Box-Behnken design ZI}E HIRCZE ¢ oHAE 100 nm AEQ & Axa7|E 7141
“bisabolol - PIT iieol@Hie] Asts & i) thEoz Azhech oAw 4 h ol i
sttt @ -Bisabolol - PIT thiodd % oldde] 480l HH Sk AS 2
A5t 272 a-bisabolol ¥l Hdizgke 714 4= 9I9dth. @ -Bisabolol9] 24 h A} & =2 B}
off, YleodAdel =717t Hags 7= A e At dA 2,992.33+153.51 pg/cm® (27]
Table 12. Optimization condition
Independent Variables Optimum Conditions
Al SAA (%) 10.4
B: CoSAA (%) 6.3
C: a-Bisabolol (%) 5.0
Dependent variables Predicted value
Y1: Size 66.25
Table 13. Confirmation
Solution 1 of 61| Predicted | Std Dev | n | SE Pred | 95% PI low | Data Mean | 95% PI high
Size 66.25 17.05 3 14.46 32.07 68.63 100.43
Table 14. Characteristic of samples
Sample Size (nm) PDI Turbidity (ntu)
PIT nanoemulsion 68.63+0.203 0.157+0.008 182.67+1.528
Emulsion (control) 118.67+1.050 0.174+0.015 560.67+0.577
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EQ=F oj¥] 27.10£1.70%), PIT YoHHA
3,702.66%92.10 pug/em? (7] EJF oy
32.90+1.00%) 22 PIT Wkod@He EigFo]
o 2 A2 st

24 h ©]% membrane®]| doFlE «a —bisabolol
o] F& ARt} YutoEH ] membrane
R 2256911245 pg (7] £YF diy]
1.15£0.06%), PIT Y=o 42| membrane 5
ZF2 440.09£34.90 pg (7] EUF OiH|
2.21£0.18%) o]ichFig. 9). Aoz x=
717} 242 PIT Wio 8] membrane ZH-73F
o] B2 A& glatrt.

Lo B9 in vitro TE-EFAIR A3t PIT
LodHde] 2F wEgFE2 35.11£1.01%, ¢
grodde] HF mRES4E2 28.25+1.69%%
PIT Ylco@de] miEg4go]l o 4okt
(p<0.05).

)

Fig. 7. Samples for in—vitro transdermal
permeation experiment.
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3500 —e— PIT Nanoemulsion
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<
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o
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Fig. 8. Permeation profiles of a—bisabolol

through Strat-M membrane from the
emulsions (mean+SD, n=3).
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Fig. 9. Permeation profiles of a—bisabolol
through Strat-M membrane from the
emulsions (mean=+SD, n=3).

4. A E
FollXE= a-bisabolol 3G PIT Wioj
HH e fof SREEARAHS o8t
ot AASAA FH6.3~12.6%), HZAHTA
Al =F(5.2~T7.8%), a-bisabolol (0.5~
5.0%)9] 37} aglo] Uieoldd 4zt= 7)o 1l
A= FFS FUskot. Box—Behnken design
A} o|A kA (quadratic) R@Fo] of| =] gt
stath oldd daA 7] it AlbE ¥
BEARY2 AFEHSY YollA] tleodd Alx =
7 Azt w2 g -bisabolol F UioEA
AA=71¢] HILE FEo] ASst F YEA
th(p<0.05). «a-Bisabolol ¢, HZAHITAIA
St HxXAAEAA I o -bisabolol $&Fe] AF
S0l Ylofdd drrA o Folulet I

Borg,

I,
lo
]
=
Mo
%

3 N Adte] wah PIT vcodd
432 Pkt HHs} da HH9 viod
A A 202 AWUSGA FF 104%, BxA
HSA A =F 6.3%, «a—bisabolol &= 5.0%=

7191 66.25 nm®| 95% Al=|4<E oluiel
L e s,

E5AF A3 PIT UheoRdsl 4% =
2 35.11+1.01%, iz dytod

=
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o HE uHELeL 28.25+1.69%F PIT Yk

g mMEgEseo]l o et MEEFES
o
=

o
£ dTE AEgene aRareuE
o] AYsHs FeldA ARSI 5
) A7 ATIUCHEAIRE PO002186).
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