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8 oF : AHSGATE -8 H
micelle> 71 W7o =4S Aot 7H83t AlFe] F4E o Urt Swollen micelle2 50~100 nm
Arr it 7483t Al Eo ¥ B@e o] @S JAT 5 e AFelth Swollen micelle> 319}
ket 2 Ere] Fgo] Bash liposome©|Ht nanoemulsiontH= B8] ¥ o] =g glof A4bH
A WA F 8 8e4 = 7Rt H AAPEA oletal & 4 Stk 2 Aol A= Poloxamer 4075
o]835}to] swollen micelle Ao thet FASE AHS FYSH & Response Surface Methodology (RSM)
= ©]-8sto] tocopheryl acetate 7H&2tell High Al 22t AelS MPsict. 7R3l dFS F= A
HEAIA et BAEZQ tocopheryl acetateE <1 (factor) 2 A3 A2 7He] APTAIE eIttt
B7pEHoRA 2 9 A7k whE SHAAT At 2x 9 A7]E gIstlen, FIBE Sl A =4
= FA swollen micelle®] 42} 2 X BefES 2Istqinh. olz2fjt A9 AyESE F5H] tocopheryl
acetates FHSFAIZ] swollen micelle poloxamer 407 0.500%, octyldodeceth—16 0.387%, tocopheryl
acetate 0.945%% o 714 AgE Aozt o 4= 9ot

FAo] © Micelle, Swollen micelle, Poloxamer 407, Tocopheryl acetate, Response Surface Methodology,
FIB

Abstract © When the surfactant is dissolved in an aqueous solution, it forms aggregate called micelles
(<20 nm) in the solution, and micelles can form the solubilized formulation by supporting the active
ingredient therein. Swollen micelles are formulations capable of carrying larger amounts of active
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ingredient than conventional solubilized formulations at 50~100 nm. Unlike liposomes or
nanoemulsions, which require a separate process such as high pressure emulsification, Swollen micelle
is a more efficient method of solubilization and particle formation from a productive point of view. In
this study, stabilization experiments on swollen micelle formulations were carried out using poloxamer
407, and then optimized formulation experiments for tocopheryl acetate components were performed
using Response Surface Methodology (RSM). Tocopheryl acetate, a surfactant that affects
solubilization and an active substance, were set as a factor and the correlation between them was
confirmed. As the evaluation method, stability and particle size distribution and size were confirmed
by temperature and time, and the structure and shape of the swollen micelle carrying the active
ingredient were confirmed by FIB. These results show that poloxamer 407 0.500%, octyldodeceth—16
0.387% and tocopheryl acetate 0.945% are the most optimized prescriptions for swollen micelle
stabilized with tocopheryl acetate.

Keywords © Micelle, Swollen micelle, Poloxamer 407, Tocopheryl acetate, Response Surface
Methodology, FIB

1. M 2 2=t o]H3t micelle®] Wil 284 HAES

G25te] WHAA PR FA7]E= nano sizeE

Micelle2 ©o]g3t 7188 ];% PR AR frASHAA BHEES FAs e ARde
oA A7l WAE, oAlA = TioFst AFog swollen micelle (50~100 nm)°]=tal St o]

olg¥m Sitt. Micelle® 97 At 9 27 A WRE swollen micelle® 484 TAL G

o] HHBAY B GPEGE FS kg T 5 b AGORA 748 AFel el Ag
Al Aee BEHT ok AVBHAZE & = Ak g AL A8 7R swollen

g Fof BAEH A4A5Ao we] REO Syl micellet T =L o] AWSHAAZ AFLsH= Ao]
BAES s $sl Dial BHE2 B2 sl Zou Hlg, AFAL HAadsly 8% ¥ oHF
AGHog TFo] LAHE FA5 =, ol 92 FIAZI7] Sls) AAggAe] A5k JF
st SHAE micelle (< 20 nm)olatl gich, F2 2= 72 w9 FQaslt1-5].

Micelleo] @A=7] AZeHe 525 dAAAS 2 dFods 47 BAELS JHdstaA

% (Critical Micelle Concentration, CMC)ztal swollen micelle -] poloxamer 407 ©]-8-5}
S} Micellee AHEAA 0] 124o] vpgo @ a7 Sk g2 d7Alsel Qs ediE et
sFol1l iAol otz o= kst 19 FElo] ¢ poloxamer 407 % o8ttt EEFTFEA V“
22 84 BdEode 284 24e AT (micelle) o] F=AgA] A7 A3P=of gt &

®e
'Jo

surfactant Monomers Micelle swollen Micelle

Fig. 1. Particle form of micelle and swollen micelle.
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S35 S Ao Hol glow, °F 20
nm JEO] AAE Z=th. FE HES 9o £
S35 nde 22 2719k 7Hget 9 A
Wl A& 7FsAdeR Qo) e dFXEe] A
o] tidol =ol g6l AHEgA nlde] visy
T2 e dutA o s Az|s] Wolzl ¢Au|
Aseg HgEo] glom dfe £ErF LA
iz FBiE ofEs AT o+ doeH =4
o8+ HRE S AR EEF 4 AT
o] AREEE AHEEAQ
poloxamer 407= A¥HAQl RBF9 FZFAA<
A/ Blol2 A&/t Poloxamer 407
2 polyethylene glycol PEG)9] 271 A4 &
Eo] ZwWo| $X|sk=  polypropylene glycol
(PPG)O] T 24 E52& o|foldl Ef&
2 FEAoltt. 271 PEG £29] diZkHel 2
ol 101 ¥H& &9l ¥4, propylene glycol &
£9] kgl ol 56 ¥HE Thelo|tHs].

CH,
0 oj-[

HO 0 H
a b a

Fig. 2. Structure of poloxamer 407
(approximate block lengths of
a = 101 and b = 56).

=5 4A

Poloxamer 407+= 22784 IEXZRA 9
Ho2no webA 11 AgEo] vl LREARRA
B4 REoA 7t9A0 -4 AAo](sol-gel
phase transition) @40 dofdth. ol 4
o7t Ui *EE AA-EoIRE(critical
solution temperature)gt stH, 71 W2 AF7o]
205 LCST  (lower  critical  solution
temperature)2} ettt = LCST ©]ste] oA
= B AR oAl oo Eof A= o]
Qo] 5L Holu, LSCT o]ie] 2xoA=
g3t e Qlste] PPG E50] AgAoR
FdolA FRPor AAEL @Ao] YEdTh
Poloxamer 407+ PEGS} PPG7F WhHEE|o] Ut
Ue 7t ggte] 2% 25 UEhdoh olgt
=% F2e FHAY =4S Z-E & 3l
o, mFo] Z=o] Aok & A7 Stk
ol gt EAQog <Qlste] oJofE Fofol oFE 1
BAYE Ao AForA dil Fo AREE]

Poloxamerg ©]-83t Swollen Micelle®] Tocopheryl Acetate g3} 3

grov, SPEE A FobollA= @s|e o=t
ds  weel F AREEHA dThs-12]
Poloxamer 4079 ZAg} EAL A L o4t
A UERp wEe), B daeldst 2ol He
T2 AMgShe SHoAE 7H9AQ E-A A4
Hol @42 glou, PPG EE0] ApAdor, W
|4 2845 7HEAII7Ide 2 AMEEA
2 & 4 It Tocopheryl acetater= HFFEATY
wopo] 7| x3FE 5 miF Y AEo du=
AFEE T Qlth. Tocopheryl acetate= RolAtAR
e oFE HIckes q8e b dEA 9l
ot g4 =Wl &4 tocopherol®] Ht =
ARE AMEET glom, Alauhs 45k B
st AtekE oAlste & iter anE
ZFA 3 Qlo] ThfFStAl AMEE AL QITH13].

2 AFolME 7HeH=A poloxamer 4073}
octyldodeceth-16& AR5t =
tocopheryl acetateE 7H&3F E SHYSIAZ o
A5t A 2 o]o] Ymof Higt AHHAE A
FHor JotR it A& XPsiqict. olep &
2 FUHAE AeH o= djMched, WERH
A (Response Surface Methodology, RSM)=
g5kt RSM2 SA9H] ZAwogA 7]

S Fofl Wl ohE ¥ Ay g 4
Sto] Yot ¥EgAo] WE A 2AE EF
= Welth & AFelA= RSMO| 71 5
ShtQl HkA-dlzAl A A (Box—Behnken design)
ARgote] melgsty Aot 52 & & Al
domn Ao AW Ao AYS AAlSHL
2t §ti(14,15].

A B ik A ]

2. 4 ¥

21, #€8 % 717|

2 AP A e da2= Table 19] 714 €
~E2 Tojsto] AHgSIAT. AASE FRAA
Z7](Pure RO 130, Human Corporation,
Korea)& o|8st] AxH ZS AHgsiith E
3+ swollen micelle A|Zoll= Agitator (SL4000,
Global Lab, Korea)2 AR5l AH-S Pt
o EAtHez HAS] s Design-
Expert® Software Version 11 (Stat-Fase Inc.,
USA)E  o|&3t3tt. Particle size % Zeta
potential & &s5t7] Q5| particle size & Zeta
potential analyzer (Zetasizer Nano ZS, Malven,
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UK)2 =43}t

SEM &2 Cyro-SEM/FIB
(Quanta 3D FEG, FEI, USA)S ©]&35}3ich.

AREAA 5o 9=

= (o]
A part= sto] FFotal A partZl 52 4

To] eng sldste] La] W BAAZICh
e A part® B parto] 1%of 329 &Lg
4 H

A A5l Zd7tobHAl Agitator2 3EZE

g7t

. F2(0), F2MA5T)0lA

(Fig. 3).
2.3, 4TI U oty
7 AEEs A= 9
)

Hypstol of 304 3F A8 9 =4 gt ¢

Table 1. Information about
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3.1, AHELM ESR0 wE M

7Hgetel WAl ot TR AHEAAA
(poloxamer 407, polysorbate 80, PEG-60
hydrogenated castor oil, octyldodeceth—16)e]
gk 712 Y AWS Table 20 25t
1 A} Fig. 49 7o poloxamer 4070] &%
AFE@# 1-Do] ddde=z EgE Isk
t}. o] AE wlgog 3to] poloxamer 4072
¥ 9 poloxamer 4073 octyldodeceth—16°]
Hlgo] shgote] GFE nlxLA sHelst] sl
AE-S APstFtHTable 3). 1 A3 poloxamer
4079] el &5 JHEEEE AS & &
9t Poloxamer 4079 A7igt Aol AL
Y240 A EelEd et octyldodeceth—162¢
A Arbetle W 7t 2k H A4 bRt
Z& 2lskit.

DOI(

>

the raw materials used in the experiment

Material

INCI Name

Company and Nation

Pluracare F 127

Poloxamer 407

BASF, Germany

Emalex OD-16

Octyldodeceth-16

Nihon Emulsion, Japan

Vitamin E. Acetate

Tocopheryl Acetate

DSM, UK

Rheodol TW-0120V

Polysorbate 80

Kao, Japan

Eumulgin CO 60

Oil

PEG-60 Hydrogenated Castor

BASF, Germany

Isostearic Acid

Isostearic Acid

Kokyu Alcohol Kogyo, Japan

TW-HD

1,2-Hexanediol

Twin Coschem, Korea

Ethanol

Ethanol (Ethyl Alcohol

95%) Daejung, Korea

A Part

Menstruum, Solubilizing agent,
Surfactant, Active materials

B Part

DI-Water Etc.

When necessary,
Heat to dissolve

Agitator (1sec, 3 drop)

Fig. 3. Manufacturing method of swollen micelle.
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Table 2. Prescription experiment for solubilizers affecting solubilization

Part INCI Name # 1-1 # 1-2 # 1-3
Polxamer 407 1.0
Polysorbate 80 - 1.0 -
PEG-60 Hydrogenated Castor Oil - - 1.0
A Octyldodeceth-16 0.5 0.5 0.5
Isostearic Acid 1.0 1.0 1.0
Ethanol 3.0 3.0 3.0
1,2-Hexanediol 4.5 4.5 4.5
B DI-Water to 100 to 100 to 100
o ) e

Fig. 4. Results of prescription for various solubilizers affecting solubilization in Table 2.

Table 3. Solubilization prescription experiments on Poloxamer 407 content changes

Part INCI Name # 2-1 # 2-2 # 2-3 # 2-4
Polxamer 407 1.5 1.0 0.5
Octyldodeceth—16 - 0.5 1.0 1.5
A Isostearic Acid 1.0 1.0 1.0 1.0
Tocopheryl Acetate 0.3 0.3 0.3 0.3
Ethanol 3.0 3.0 3.0 3.0
1,2-Hexanediol 4.5 4.5 4.5 4.5
B DI-Water to 100
AREAAA SF 1.5% 1=z 7Hgs A Table 49 AHIEH# 3-1~# 3-4H2
2 Z8Pst A} Fig. 59 o] FPr= AY tocopheryl acetated] i3 v AFo=,

—~
E=S

2-Dol 1 FEsigey, 7 ex ¥

tocopheryl acetate @t&o] 0.5%% = 7Fg £

g5 5 A

selt 9ge o

2, Y240 a7a F2U50)olA 1788 & T7F =tFig. 6). ©li= swollen micelle A%
st A}, poloxamer 4 Al @A AHESE isostearic acidE
octyldodeceth-169] Hl&S 2:12 3 AFE ol &Zt=E|o] micelle A7|E

2-2)°] 7V Pl FEIHAr). olst 2o

e HRer P AHddsita
poloxamer 4073 octyldodeceth-16 H]-&

2 sto] FAEH tocopheryl acetateol| T
o AES Mot

filo r£
o M 3
TR ol C Y e V< . 1

EO]I
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Fig. 5. Results of prescription for changes in content of poloxamer 407 and

Octyldodeceth—16 in Table 3.

Table 4. Tocopheryl acetate solubilization experimental prescription

Part INCI Name #3-1 | #3-2 | #3-3 | #3-4 | #3-5 | # 3-6
Polxamer 407 1.0 1.0 1.0 1.0 1.5 1.5
Octyldodeceth—-16 0.5 0.5 0.5 0.5 - -

A Isostearic Acid 1.0 1.0 1.0 1.0 1.0 1.0
Tocopheryl Acetate - 0.3 0.5 1.0 0.5 1.0
Ethanol 3.0 3.0 3.0 3.0 3.0 3.0
1,2-Hexanediol 4.5 4.5 4.5 4.5 4.5 4.5

B DI-Water to 100

Fig. 6. Results of tocopheryl acetate solubilization for changes in content of poloxamer

407 and Octyldodeceth—16 in Table 4.

AREW# 3-3~# 3-6)°l4 octyldodeceth-16
7b 7HgEte] AAcr 2 JFE A e AL
& HolZ& ¢grov AEE AXstr A A
ARt T Al octyldodeceth-165  H715HA]
e AAF#H 3-5, # 3-6)2 FEHLZIF S5
ol A& gelstgich A
octyldodeceth-16= 24 E4<Q  tocopheryl
acetate®] QHY3}e] Higt Rz AL s A
= & 7 Ul

871 A AE9 Aol ostd 44
tocopheryl acetate®] swollen micelle AF-E &
3t 783kl poloxamer 407, octyldodeceth—16,

tocopheryl acetate o] F8 @lozA 37}
Z] Y85E RSM factors®2 AAstgon, z+
factore] tigt WHE Table 5o YepH AT

Ao AFgEYE RSMO 7|W % Box—
Behnken design® Fig. 7& 7|& Hl&gtoz 3lo
factorell tigh W7} A =o] Aol A H
3709] factor, 3709 level 12|11 7|E} K Q2]
of ot exE stz s 12719
[BFactd, 53] WH2E+= CenterdS Sl &
173]9]  Ado] sger 4P UcH(Table
6)[16].
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Table 5. Setting and scope of independent variables as RSM factors

. Level
Factor Independent Variables Tow <D Middle © High (+1)
A Poloxamer 407 0.5 1.0 1.5
B Octyldodeceth-16 0.0 0.5 1.0
C Tocopheryl Acetate 0.2 0.6 1.0
A B C
-1 -1 0
+1 -1 0
g . . -1 +1 0
} +1 +1 0
\
| -1 0 -1
B+1 | 0 T 0 +1 0 -1
} . IBFact 1 0 +1
\ +1 0 +1
: A
e 0 -1 -1
K ce 0 +1 -1
< 0 -1 +1
8—:-1A7: 710 " Dm: 1{-:-1 O +1 +l
‘ Center 0 0 0

Fig. 7. Box—Behnken design, The point at the center of the cube corresponds to the center of the
Box—Behnken design, and the point at the middle of each line of the cube corresponds to
the IBFact.

Table 6. Experiments on RSM factor range of 17 prescriptions

Factor 1 (A) Factor 2 (B) Factor 3 (C)
Run SIpace Poloxamer 407 Octyldodeceth—16 Tocopheryl Acetate
ype

wt% wt% wt%
1 [BFact 1.5 0.0 0.6
2 [BFact 1.5 0.5 0.2
3 Center 1.0 0.5 0.6
4 IBFact 1.0 1.0 1.0
5 Center 1.0 0.5 0.6
6 [BFact 1.0 0.0 0.2
7 [BFact 0.5 0.5 0.2
8 IBFact 1.0 0.0 1.0
9 IBFact 0.5 0.0 0.6
10 [BFact 0.5 1.0 0.6
11 Center 1.0 0.5 0.6
12 Center 1.0 0.5 0.6
13 Center 1.0 0.5 0.6
14 [BFact 1.5 0.5 1.0
15 [BFact 1.5 1.0 0.6
16 [BFact 1.0 1.0 0.2
17 [BFact 0.5 0.5 1.0
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Table 7. Y-axis variable results for 17 experiments using Box—Behnken design

Factor 1 (A)| Factor 2 (B) |Factor 3 (C)| Response 1 | Response 2 | Response 3
Run | i | Polggamer (Ocildedeceh| Tocopben! |t sie| o1 | p 203
wt% wt% wt% nm mV
1 [BFact 1.5 0.0 0.6 33.13 0.49 -8.00
2 [BFact 1.5 0.5 0.2 23.84 0.25 =5.74
3 | Center 1.0 0.5 0.6 4521 0.24 -15.80
4 | IBFact 1.0 1.0 1.0 68.81 0.99 -6.13
5 | Center 1.0 0.5 0.6 31.48 0.43 -5.31
6 | IBFact 1.0 0.0 0.2 30.93 0.55 -8.37
7 [BFact 0.5 0.5 0.2 260.10 0.47 -28.30
8 [BFact 1.0 0.0 1.0 60.06 0.58 -12.47
9 | IBFact 0.5 0.0 0.6 130.03 0.30 -31.47
10 | IBFact 0.5 1.0 0.6 122.77 0.62 -17.87
11 | Center 1.0 0.5 0.6 24 .87 0.24 -3.76
12 | Center 1.0 0.5 0.6 31.92 0.44 -5.50
13 | Center 1.0 0.5 0.6 20.88 0.27 -4.53
14 | IBFact 1.5 0.5 1.0 36.63 0.38 -3.97
15 | IBFact 1.5 1.0 0.6 90.22 1.00 -6.34
16 | IBFact 1.0 1.0 0.2 292.07 0.97 -9.18
17 | IBFact 0.5 0.5 1.0 82.85 0.54 -9.98
Table 8. Variance analysis for Y axis variable data
Y1-Particle Size Y2-PDI Y3-Zeta Potential
nm mV
p—value 0.0064 0.0319 0.0123
F-value 7.8300 4.3900 5.4000
R? 0.9096 0.8496 0.5549
Adjusted R? 0.7934 0.6563 0.4522
SD 36.7100 0.1499 6.1100
Lack—of-fit (p—value) 0.0024 0.1195 0.3141
Model Quadratic Quadratic Linear
3.2, RSMZ 0|8% & A jet A=

RSM factor ¢l

A (Zeta

olo] that w4t

potential),

g Zool et 24 2
it 1770 Al Hish
e APt T AA 27 (particle size), AEF A
AR = (polydispersity
index, PDDS ZA5}lo], Table 70| vrebigich
E4& Table 8o UeRHILt.

2~
Al
=

RSM factore} Y9 H4of
g A7 go| wgmuRd $HAS olgs}

Ag=ell diet 23E yverd 5 ot

Yi = a0 + alA + a2B + a3C + al2AB +

al3AC + a23BC + allA2 + a22B2 +
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LrERATH7, 18

Table 7, 804 Y& ®&=of tigt Ao dist
A o3t 2t

® Y, - Particle Size (nm)
Particle size = 30.87 - 51.49A + 39.96B -
44.82C + 16.09AB + 47.51AC - 61.10BC +
25.53A% + 37.64B* + 0.1280C?
2AREA A4 22F tieha] mdlo] HRghe
HojZoltt, Ao p-value: 0.0064 (< 0.05),
F-value 7.83002 9] zZ=rt}. Lack-of-fit
testol Al p—valueZl 0.0024 & 0.05% A 2
AL YErHA] ottt

@ Y? -PDI
PDI = 0.3240 + 0.0238A + 0.2075B +
0.0313C + 0.0475AB + 0.0150AC - 0.0025BC
- 0.0420A% + 0.3205B% + 0.1280C?
2AREA AdtelA] 22F tieka] mdlo] Hjehe
HojZoltt, »do] p-value: 0.0319 (< 0.05),
F-value 4.39002 +9]42 z=t} Lack-of-fit
testol Al p—valueZl 0.1195 O 0.059% A3 2
AL YErHA] Aottt

® Y? ~Zeta Potential (mV)

Table
octyldodeceth-16 / C :

9. Coefficient table to 3D model of variance analysis (A
tocopheryl acetate)

Poloxamerg ©]-83t Swollen Micelle®] Tocopheryl Acetate $F43} 9

Zeta potential = -10.75 + 7.95A + 2.60B +

2.38C
Table 89] BEAtRA Ante Ay mdo] o=
o HdwE dEddd o AY =R

p-valueZt 0.0123 (< 0.05), F-valueZ} 5.4000=
ndo] fo4E 7HHE 9ulgity. Lack-of-fit
p-valuex 0.3141 O 0.05)°c]n2 ZHEo] A3hyd
A& YEA] ek

3.3. RSM2| 3D Model

RSM9] 3D Model #4F 242 Sof A%
&t model& Zo} sl modelo] A4S The
Table 9o WebQIc). ozt £4F 247 A+
55 AT ZF modelES 3D I#j=ZE ey

Qck(Fig. 8~10).

Fig. 85 ¥4A =719 digt factorse] Ao
AE 3D ZHmR Ueffigler. o5 Table 99}
7 BEW, p-valueZb 0.05 oJst=2 <ol 3l
= #oR od AudAlEe] Y& ¥ 4t
a71o FFE A= A& & 5 Ut Factor
3707 dAF 271 FFE FoeE A & 5 A
ZRE factor ZFO] AJPHAE HH
acetate?} © & FFZ HXoh
ot ESF p-values #PF H
grol 7P A7 Aok= A

tocopheryl

P_/r\_ol

poloxamer 4079]
o % gl ol

N

Poloxamer 407 / B

Intercept A B C
Particle Size 30.872 -51.4912 39.965 ~44.8238
p-values 0.0054™" 0.0178" 0.0106°
PDI 0.324 0.02375 0.2075 0.03125
p-values 0.6677 0.0058" 0.5740
Zeta Potential -10.7482 7.9462 2.5987 2.3800
p-values 0.0028™" 0.2502 0.2903
AB AC BC A? B? C?
Particle Size 16.0875 4751 -63.0975 | 25.5265 37.639 44.4565
p-values 0.4098 0.0360° 0.0109° 0.1967 0.0735 0.0419"
PDI 0.0475 0.015 -0.0025 -0.042 0.3205 0.128
p—values 0.5465 0.8471 0.9743 0.5834 0.0032" 0.1233
Zeta Potential
p—values
(p < 0.05; < 0.01: "p < 0.001)
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Particle Size (nm)

(@) ) ©
Fig. 8. 3D model for particle size of RSM (A: poloxamer 407, B: octyldodeceth—16, C: tocopheryl
acetate / (a): AB, (b): AC, (0): BQO).

(d) (e) ®
Fig. 9. 3D model for PDI of RSM (A: poloxamer 407, B: octyldodeceth—16, C: tocopheryl acetate

/ ): AB, (e): AC, (): BQ).

M
Fig. 10. 3D model for Zeta potential of RSM (A: poloxamer 407, B: octyldodeceth—16,
C: tocopheryl acetate / (g): AB, (h): AC, (): BO).

poloxamer 4072 &2 tocopheryl acetate?7} % 7} 0.05 ©]5kl A= octyldodeceth-162.2 H
2L Z7le) 2 9% T AE 4 5 Uth o} octyldodeceth-16¢] PDIo| 9= ot A
kS Y& W<l PDIE Table 9904 p-value S & 4 At Fig. 9914 octyldodeceth—-163t2]
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PAE U Fig, 9% 9OAR Z49]
Fol 2 o Mol § 2 9P Zrh- AL
]_

Zt factor®] GaF mxle AL & 4
Table 84 poloxamer 4079] p-valueZt 7%
Aol gl ZAoR Utk Fig. 10914
poloxamer 407°] A&t Hjell 7P FFe T+
AL T £ JqAF, octyldodeceth-163}
tocopheryl acetate2 FJu|gt FFE UERHA]
2okth(Fig. 10(g)-(@)).

m2bd, 94z =Z7]=  poloxamer 4073
tocopheryl acetate, PDIx= octyldodeceth-16, A

El Q&= poloxamer 4079 JFS €= AL
o} 2 9}
= AR .

3.3. oHH M "ot

309 7+ L% obgA Wyl Axp RSM AHb]
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DT orAshY L]-Run1269/“°1-47ﬂ
L= ALAF F2(O)U50)ANME orHsht
Y2@®)@0)dA EE=e AL gletlchFig.
11).
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Fig. 11. Stability comparison of swollen micelles after 30 days.
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Fig. 12. Turbidity comparison of swollen micelles after 30 days. Rating:

1-10 (the higher the score, the higher the turbidity).

Fig. 13. Cyro—SEM image (left: Run 13 / right: Run 16)

Table 10. Optimal condition

setting using RSM

INCI Name Goal Lower Limit Upper Limit 88 gg}élzgg
A | Poloxamer is in range 0.50 1.50 0.500
B | Octyldodeceth—16 is in range 0.00 1.00 0.387
C | Tocopheryl Acetate maximize 0.20 1.00 0.945
Particle Size minimize 20.88 292.07 70.115
Y | PDI minimize 0.24 1.00 0.348
Zeta Potential minimize -31.47 -3.76 -17.225
3.5. Tocopheryl acetate &5 swollen Zte Az 77] 9 thEAXSE 7R,

micelle Z|Z3}
s B4 AdE bleto g Design-Expert®
Software Version 11& ARg&ste] X Zste
swollen micelle A3 L3It B AFoAE=

A9 Zro] ¥*e AldS &9 swollen micelleZ
233tAk Swollen micelle &35} 7]&o] w2
A A2 o2 ZH(Table 10).

RSM-& ©]-83} tocoheryl acetate T~ swollen

620 -
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octyldodeceth—16 0.387%, tocopheryl acetate
0.945% Ado=z 4A A7]= 70.115 nm, AJEt

AfEe -17.225 mV, tHEATEE 0.3489] Zhs 3.

7 Aoz 5w

4. 2 B 4.

H AdA AZSE swollen micelle?] JAH=
20~292 nmZ YEPGTh  Poloxamer 407%}
tocopheryl acetate?} @te] P44 L A7) of
?F FFE WA, poloxamer 407+ UAF THY
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1 3719 Y= SAHHSIUH. Tocopheryl
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