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Abstract: Retinol is unstable to the external environment and its properties can deteriorate. Therefore, new stabilization
techniques for retinol are needed. According to this trend, a lot of research to improve the stability of retinol is ongoing.
Antioxidants were added to the core part of the retinol polymeric micelle particle by content. After preparting the retinol
micelle formulation with antioxidants by content, experiments such as particle size measurement, long-term and accel-
erated stability test, and skin permeation were performed. The micelle particle size depended on the antioxidant ratio. The
retinol proportion of M3 composition with a ratio of retinol to butylated hydroxyanisole (BHA) of 1:1 did not show any
change in both long-term stability test (80.83%) and accelerated stability test (81.18%). Skin permeation experiments
were performed on this formulation. As a result, the skin permeability of M3 (52.8%) was greater than that of S1 used
as a control. As a comprehensive result, retinol stability was improved by establishing an appropriate ratio of antioxidants

and surfactants.
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Ak 2 T2, == AMES-E FElE(Retinol 50C) wlo]
Al Aol A3 PEO-PPO-PEO %%17]A Pluronic F127,
HZAAZAAZ A8-3 Cremophor ELPE HF~Z(BASF,
Germany)ol|A] Frj3te] ARSI o™, W82 oHee] B3)iA)|
Z ARE3H E20(polysor-bate, Tween20)-> = A ©] (Junsei
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ot 2 9ol 22-diphenyl-1-picrylhydrazyl(Sigma,USA),
Ascorbic acid(Sigma, USA), tyrosinase from mushroom
(Sigma, USA), methylene blue(Sigma, USA), 1.5mM L-
tyrosine(Sigma, USA) &°| AH&-5 vt S -(aqua max-
ultra, Younglin instrument Co., Koreay= ©°]-2+5 A3}
At

DPPH Reactive Oxygen Species Scavenging Activities.
DPPH reactive oxygen speciesE ©|-8-3|A4] #E]=e] dits)
sHE I dElEd e AER ofhs=y
RS ARESIATE 99.9%9] HEREel SMAZ] HElES 04,
1, 1.67, 4, 8mg/mLe] F=7} HEF A|Z5L, Fdi=
T A J¢l ofAz = HAF 0,006, 0.013, 0.025, 0.05, 0.1 mg/
mLe] FE=2 A3t 96-well plateS 1|5k eS|
3] € 0.2 mM DPPH(2,2-diphenyl-1-picrylhydrazyl)-& <} <
150 uLe} ZF AlE 50 ul A H7keh & A2 25 °CollA 308
ZERESAIA T B 7 s F 2157 9138 517 nmol A
Epoch2 microplate reader(BioTek Instruments Inc., USA)E
AHEste] FEEE SA s o] 43 ZA3HE GraphPad
Prism ©]-8-3l] DPPH 2|25 50% Adlidhs F%E<! I1Cs
e ek ZF AlRe] v 3¥ SAste] HHgks b
=3It

In Vitro Tyrosinase Inhibition Assay. @El=2] v]¥ &
82 3Is17] $18) in vitro tyrosinase inhibition assayS %
23te] ZA AT 96-well platee] 0.1 M potassium
phosphate buffer(pH 7.4) 220 puL,, 1.5 mM L-tyrosine solution
40 pL7t &35 JeliollA 2000 units mushroom tyrosinase %
7} Algelg 20 pLE A7FsISATh 37 °CollA 154 &< vhg-
Al713L 490 nm sHgelA S48 o] 29 AAE
GraphPad Prism ©]-8-35}4] tyrosinase 242 50% A3IA7]=
X ICy #E Tkt 2 A 80 WS 3¥ S5t
W BageE, A5 7k U] FRE AR A

d& Hrlste] 7HESAIE S
H] 20% 3lEshe dlElEe] e Pl deolr 4847 53t
Ll A A 5-2] 7](Universal 320;
Herrich, Germany)E ©]-83l% 2000 rpmollA] YA &2 F
Feds FHslhal H4] o2 HEES WEH<l ZE(PVDF,
0.45 um, Whatman, UK)Z 33} t}. o378 E&ES 2
37l deo] A FAE vlwste] &3=E I2lsiint.
et AE. A3 Ade HH AUEA ves &
QIStaL mlo| S A|lxsh=t] st g3liAl, AL GA|, K
ZAALIA 2 HEls 8448 ERIs] flste] Has)
At #EEel st 7MY 2 838 BYd SelAlE
Adste] HElEd S el AHEgA 2 BEAN

Table 1. Selected Formulation Through Various Tests

Formulation

code Formulation Antioxidant

Retlnol.’gveenir(l)i(})l.;hgﬁgc F127: BHA BHT
S1 (1:18:0:0) - -
M2 (1:18:18:18) - -
M3 (1:18:18:18) 1 -
M4 (1:18:18:18) 2 -
M5 (1:18:18:18) 3 -
M6 (1:24:18:18) 5 -
M7 (1:36:24:12) 10 -
M8 (1:18:18:18) - 1
M9 (1:18:18:18) - 2
M10 (1:18:18:18) - 3
Mi11 (1:24:24:12) - 5
M12 (1:36:24:18) - 10

-2 Not used.

o] H]&-L Table 19 YERJATH

gE[=2| DEX} Olo|M M=, FeA FES 7183k
A3t 2d H AHEAIA|, 28]l oHAEHH o2 F g E =
|lE HESI Tween20S &A= ARS-SFATE. AFsl=]
A2 BHA 9 BHTE ARSIl oH, L2t A g4 =
Pluronic F127, RZAHE A= Cremophor ELPS A&-35}
St} Pluronic F127 &S =o]A HH Asl= o] 78-3}3}t
7] o] A& Cremophor ELPE #7}ste] A= S 7+
2A7)E 7SR ARSI R HlElE, AsPEA A, &
AE oA &8 galst & AUSFAE et 5
Alell 50 °CollA] wHHsHATE 25 Sl Eo] FHsh Ao
AzE §F 225 FXS oA REARIAE H7kst
s ket 28 2ol & § 2% glo] wnkste] Az
St th(Figure 1). AlZ2E 282} wlo]dl e Q=4 9 3
843, 78 T3 Ad 5 tpeke A3l ARSE AT

OIMIFSt S8 MY, F2do] QUi e edide] 4
off mAlFEE HE W Ao ouA] E97F %71 T
woll =24z Eehdsid o ik Ealdol SxEo] 2
golels AU vl JAshe 5o 4373l vehtd
24| S S A7) W2l Az 4 24
o] T Frmok Bl e Ejls flel dde
A&Ysidet. vAlfrs} o= 7824 AR WMEREFE A
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Figure 1. The process of encapsulating poorly soluble drugs using
oil and surfactant.

23k A4 (dye solubility method)2 ©]-&3}51

UATEH. gzl F3S a7 Slsl A7k Akshd
A A butylated hydroxyanisole(BHA) % butylated hydroxy-
toluene(BHT) ol w}2 wlo]d Ya}=7]9} Y& BXE

H4— LTI =

2131}, Zetasizer Nano(ZS90) 71715 ]85 4ate] =
7] S8 8 TRt AE S5 S8l 90 AFebtE A
galglon], o] 7le2 Heke 50 o8 Hole Ut
Fake Ao B9l 7H48 1Y, 30Y T Wolglen, A
A2l 24 flol 8 el dA=rIE Sl

MM UL 2 AolA Azt dElE mlolde] P
S Hrks] fske] 71984 (long-term testyS X133
W A|ZF F 25°C ZANA 1, 2, 4, 6,9, 12, 15, 18, 20, 24
ol YA FS Fsle] HPLC ol dol sl4ste] el &
28 BA519 ). o9} FA)ol 7159 A (accelerated test)=
g3 om Az F 40°C 24 1, 2, 3, 4, 6, 8, 10,
127 YAZE FHato] I8 T WHeR #A et
AT}

HLPC | E] A8 918 ol s 2
€& (methanol 99.9% HPLC grade B&J)S AH&-3191 o,
HAHEH] FE 045 um A7|E AREER oJgt & 2SN
2F7](powersonic 510, hwashin instrument Co., Ltd, Korea)
302 oY 2T X" F o] 3R AMgETh A
WatersAF] C18 column(Waters, U.S.AYS AFE-3195 3, 2™
Q& &= 30°CM Yo v 325 nm, F5 1.0 mL/

= pump(Model 600;

o

=0

HAM X7 =

= =

min® 2 2] &3tk HPLC #4181
Waters, U.S.A), autosampler(Model 717 plus; Waters, U.S.A),
UV detector(Model 486 Tunable Absorbance Detector;
Waters, U.S.A)Z A€ FHE AR-SHATE

Cryo-SEM &3, &4 491 gEEo] 4oz <l
PA=E rlold RS HPLCE ke 1% &, 24
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2 Tescan Mira 3 LMU FEG scanning electron microscope

Zay, Al4549 A5, 20213
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(SEM)E o]&3ste F44 dAE AT

P53, 35 E3= Neoderm-ED(Tegoscience inc, Seoul,
Korea)9} Strat-M Membrane(Tullagreen, Carrigtwohill, Co
Cork irelandyS ARE-ste] B35} "B <l w2 F3}
T ZpolE ot y] ffsf 7 7] WHEHRIS ARSI o,
TEA AASEAE H7HE M3 243 38l SiE )

=S T AR ST 2SS YaE BRESES &
A3} AF Franz diffusion celle(H+P Labortechnik AG,
Germany)2 ©]-83}59t}. Receptor chamber®] 80 7=
PBS(pH7.4)E 125mL A2, Z+ AZ 1mL¥ donor
chamber®] REH Q! FHo| =X F 37+0.5 °CE FA5HA]
600 rpmo 2 YA LolA] Wk 1, 2, 4, 8, 12, 24
R EAze KA F3led HPLCZ HElE g2 &
ATk 2447 & FE e Holsle #HElE R
gRlal7] S8l WEH RS wEree| sAste] 25t
(Hwashin, Hwashin instrument Co., Ltd, Korea)& 7}3F
#EE S HPLCE w43kt
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DPPH Reactive Oxygen Species Scavenging Activities.
BE]E2 29FA A 2500 U7} 5] ofof 7] Hell
A B3-S QAW ot oAl YRl 2500 TUS B8t
E L2 A4S v reactive oxygen species 427134
< Yellie 895 ekl S8l o] A JPsisitt. &
Aoz O g o A3 2H4HS o]&3te] ¥ E&=3 DPPH
reactive oxygen species 227 Z/JHHEO 2 ks gEES H)
w3}, ok=F =12 0.006, 0.013, 0.025, 0.05, 0.1 mg/mL
o] T2 A5 S vl reactive oxygen species 224
2 129, 27.8, 55.0, 90.2, 93.0%2] &itst TS HAT,
E&=2 04, 1, 1.67, 4, Smg/mL &=l A] reactive oxygen
species 22718432 40.8, 66.8, 80.1, 95.8, 96.0%2] i3} &
22 1B tHFigure 2). dElE=2] IC w2 0.875 mg/mLE
SAE o, PHETORE AR ofaF2M 4 Gy,
e 0.024 mgmL=E Ve &% A3E T4 EE
=2 T 9FEXOZ reactive oxygen species A3NAAS g
sttt 2500 U =] #EHES AHEsAS 49,
80.1+£3.7%2] reactive oxygen species 23S UERf ] &
2kl E4do] Qe YEE E8o] 71 Al ddEe] ¥
T} >

In Vitro Tyrosinase Inhibition Assay. m}o]4 o
2500 IUE #-Y3sle w2 AA3I9S u tyrosinase €4
AAE el 295 1] flal o] ARAE it &
Az o® ARE-E Lpo]olil ofuto] =9} GHREL. mjuly]
S YEE AREE 2oF A sl

£ gl tigt tyrosinase &4 A E3= Figure 39 Y
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Figure 2. DPPH radical scavenging activities of retinol and ascorbic
acid.

ERQIt}. Lrolotal ofmfo] =& 50, 100, 200, 300, 400 mg/
mL F5=04 23.0, 39.9, 63.7, 80.8, 85.3, 85.3%2] tyrosinase
FAAS BHATH GHELL 2, 4, 5, 8, 10 mg/mL FEolA
69.3, 83.7, 87.9, 91.6, 94.0%2] tyrosinase &/ A& HA
ou, YElEY tyrosinase 84 A §=EOZ |, 1.67, 4, 8,
10 mg/mL F%=00A 397, 43.0, 69.1, 71.2, 82.0%S HoF
ATk HEEQ] ICs, 7 5.13 mgmLE SH =0, %A
o R ARESH Lololil ofmfo] =9} HFRIS] ICy, Fh
7Fzk 2.862 149.05 mg/mLE RIS &5 2a4E T
A T gErom dad S AsAZS ER1EH
o glElE 2500 [US A3 T30S 4%, 43.0£2.0%S
Helo] mja G50 555 & F e AR AR EH,
&5 wzhd A4l FEE DOPA inhibition 2ol thall
7Vl Ago] dadt Zlo 7 detdn)

Sz S8 W M MY, vloj S Az 913 oY
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Figure 3. Tyrosinase inhibition activities of retinol and ascorbic
acid.

Sitt, oA o 2 385 o 9 AHEIA tigh &
gz §alles S48 & ZHE Table 201 YERA AT
4 Bl =2 Tween20, PEG400, Brij92, Capryol90, Transcutol,
Brij30, oleic acid, LABRASOL, 1,3-butylene glycol,
propylene glycolll §3lA1A &3l =5 vHlwsiS of BEl=
o] all=A] Ratar Dejel] AeAl= 43-e UER= Brij92,
Capryol90, Brij30, oleic acid, 1,3-butylene glycol, propylene
glycol 57 @2 Tween20, Transcutol, LABRASOL 52 =
< 3EE Btk o] ARS Mdstrlol A g3 A=
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Table 2. Solubilization Capacity of Retinol with Various Oils

NO. Oils Solubilization capacity(%o)
1 Tween20 87.3%
2 PEG400 12.2%
3 Brij92 -

4 Capryol90 -
5 Transcutol 38.7%
6 Brij30 -
7 Oleic acid -
8 LABRASOL 66.9%
9 1,3 Butylene glycol 17.7%
10 Propylene glycol 5.7%
-: Not used.

f3180) 7PE =4 Tween20S A4 ko] ARE-3IATE

o]_g. u].ELoi u].o]/m_cz_ ;q]

2 FASR 1B 7 B2

o} selsiiy.

ak7] flal AFshEAAl BHA
2 BHTE A7}3 H|S Zo|x] w82} AW} B2

WA S HA ] 2L AN AZ2H vfo| AL =}
Az LS GR|Fldok FlaL AN E LAl 84
slo] Erske Uehllof sttt wleli] #zE 7} wlolale] A

ﬂ] 2 F3 9 ”ﬂJOﬂH 24 Ee e T jlo] 8

oles -

F58 - olAS] - AE - 24

OMIFRISEAE. =3 gEEe] violdS SeiAlet 25
AE 7R v =S 7k AV MRERE doA FRd
o] k. o7]e] ‘I‘“Q‘ A A e Lﬁﬁ%‘é AR
7tle] RS ARSI vEET dEvE 9
& A HEA ST EEJ} EE 3 2de] £ B,
rEdeF d5el ede] E9E C2 I 5, 74 24E
Uﬂaaﬂ—gf—r g2 7raisch E}OV*‘°1 ol =
i gRlE S EFEe W F 9.111 4L &
ZHNE skt 309+, Sl A7 g0l =]
Ho= Eebdsie geide & 1o}°iv} 2= A=A
= A7k &7 wieel eEl=o] *Hz}lﬂﬂ i%“%‘ﬁi
AF o] 9o, ﬂlE‘f&‘é% %‘E & 44
]*—% §}7} PIAIBA DS ElsIi.

1,

R

£
Ml Axo] A %‘ﬂﬂﬂr o] A7E Bo] B9

HJ L}E}LHME}. wabd 24 M3, M4, M5, M6
M9, M102 30 5<F FgA o2 FAke el E o] FaL Q)
w2 GRISIATHFigure 4).

UZEH, HElzo] AR =2HUS o FgAdol E
AR = A& NAs] 8l EEAME F7kete] Alxst g
EE vlo]d JAta71E SRIsknh. B3k AFshiA|A] BHT
9 BHA o) mE 42=27] 3 i 5E ERIsigit
P21 22 14, 30d 7o F ¥l S35 Table
3o YERSITE. mloldl R Az A9 2795 A, 83l
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A
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Figure 4. Staining test using methylene blue: Mixture of methylene blue and (A) water, (B) oil and water, (C) oil conformation test of o/

w microemulsion using dye sol
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Table 3. Average Particle Size of Retinol Analyzed by Zetasizer
Nano (ZS90)

Z-average (d.nm)

Code

1-day PDI 30-day PDI

S1 2024 0.342 - -

M2 12.32 0.126 12.02 0.221
M3 11.66 0.074 12.95 0.089
M4 14.71 0.063 15.30 0.111
M5 16.72 0.133 14.90 0.136
M6 17.83 0.128 18.34 0.134
M7 18.34 0.238 149.1 0.865
M8 21.11 0.096 19.60 0.127
M9 16.96 0.103 17.55 0.138
M10 20.84 0.108 21.53 0.197
Mll1 41.22 0.241 203.3 0.687
M12 31.19 0.460 259.0 1.020

the 2 & % gieh A )
ole] AspAA Gl whe 4L sk W BHT

Moz A FFol 55F YA AL B

Long-term test (control)

Long-term test (BHA)

t}. BHAO H|& BHTS] BEAME=X]R7) ATz oz zlom,
ol YAFEe] EtAF o R $E HHIE thtilelg= A
o AU 30€0] At AJHA wlo]dle] Qi 24
F Az} S1 10]] HlE] 1000 nm ©)’e] ZEog ZHo] o
0™, Figure 7914 YIS0l 49149l EelldlS &
UATE. ABSPIAA| o] W 20 = M7, M1, MI2
oAl FHo] Ao PAAT FFE = AoZ ke
o} T8 vl x| 5=7) g G Alolol] 2 FUtE YAk oY
dol WolhL gelslgitt. 183 M7, M11, M12 94 1}
WA 2olMe PRl & Wt flgler, A Ee
EE, F 2 glo] T AdElelM HA dRE F
Ak A& 1A

OFMM HIt. viold 2 2|23 MEZS AlsPix|A| BHA 2
BHT 38 27102 vwste] A7 Alde
Pom HALE 2542°C, FE 60+5%, 6/HL7 54 A1H
vttt ERIstitt. vl A= 5 o7ig Bt Bashy 14,
1,2, 4,6,8, 10, 12, 16, 20, 245 7402 HEZS AHFs
HPLCZ #El&E9] s EAs13t). 471848 Algel o
g 7t 24 59| gElE d3S standarde} | WSR-S w) =
A M3, M4, M5, M6, M10= 80% o4t #HlElE dHafo] £
=& Z1E Figure 59l JERATH 24 S12 #ElE 831
A7} Eoll #AF A= mfold ol B-9let Fej7} ofd
7] wiZell 23]8 Hof ko] PgAlo] AR s st
A3, VR R M2 ABPIAAE "] e Eeg

4y B o nfo
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Figure 5. Stability of long-term test and accelerated test of micelle in water phase measured by HPLC.

Polym. Korea, Vol. 45, No. 1, 2021



86 FEA -G AR - TEe

g A2 QP ol §43] "HoAe S gRlsiglen o
2 A sl WE A BHAF o]9f SA
7HEPEAE Al S st on BALE 402°C, 55
75+5%, 3/MB7F 54 Alduict g1kt wlol Al Az &
19, 1, 2, 4, 6, 8, 10, 125+ 7HH o2 AWES A|Fsle] HPLC
2 gElEe] TR BAEIITh 71 QP8 Al digk z+
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M4, M5, M6, M10= 80% ©’d #ElE TS fAlshk= 2
< Figure 59 YERSITE 71803 T o= =
4 S13 M2 W2 AR EQHYERS HoFQio) WA
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T 2 o] AR FA MIL, MI29IA AFA HAo]
U= o7t d & At

Cryo-SEM &H. A|x3 nlol]d o] Frggk A=} vl
s} 4H-E Figure 72 &3l S22 ST o] % YA}
A71E Zetasizer Nano(ZS90) 7171& o83, &4 Fiket
22 ko] F27] Z4S fl8)] 90 AHRS AREEte] ¢
23715 RIS vhold 24 5 A ool e
A 80% o A1 A& Agste] mlojalo] FdH W
o] 78 UYA=Z FAHUEA RISl A5 Figure 69 L
EF ATk Cryo-SEM(Quorum Technologies PP3000T). 2.2
ZAstRom, 7 A3 vlolAdle] QA= FPOE A REHSIA

o< Rl
o| R Aokt sPdE AFolM = 1E] - (membrane),
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Figure 6. Cryo-SEM (Quorum Technologies PP3000T) image of
(A) M3 (50 kx); (B) M4 (50 kx); (C) M5 (50 kx); (D) M6 (50 kx);
(E) M10 (50 kx).
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&
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2 AA Fe U3 S HAE 5 AwE
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SACH(Figure 7). A8 AlZF 1X)7F o1& M35 23 Neoderm-
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B Ao A ALE-3F Neoderm-EDS} Strat-M membraneol]
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- A-polymeric M3
404 -+ B-control S1

¥ B-polymeric M3

20+

0 4 ’ +
0 1 2 4 8 12 24
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Membrane permeation (%)

Figure 7. Concentration of retinol absorbed was made by HPLC (A:
Strat-M Membrane; B: Neoderm-ED).
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3 E
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- 1
o ]
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= L

5+ N
@ 1 \
o N
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Figure 8. Content of retinol remaining on the membrane after 24 h
(A: Strat-M Membrane; B: Neoderm-ED).
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