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8 ¢ o] A= ABRIFSE fot] FEBAFY AT RAA Y Aol HR Holth. B4 4417
£ AR 4709 wd IE5& 7HAe AR EQ diglyceryl phytylacetate (DGPA)

St A5H7HE ottt DGPAY #3HE2 1%9] &2 sEoAE 1 Wit &

85t orASE W/O water—in—oil)o| @ Ho] 8=tk DGPA, dimethicone (2CS), water?] 34E
Aol ERGofA], tAt FulAgel dHo] PG 34 T2 S Fote] FHl AHFH, §

o
And g, B3 dlabargo] 2AlE g, And gH9e &RIskA, SAXS (small angled x-ray
scattering) 2= Foto] 11 25 S HFEY §8o=, FHZE (cubosome)ofl 10%2] mF1

S
JgolrmEan Adole, 5%e| HASAEAG eclo|EE BUste] BaskAT. FuE|
occlusive #=  HulMl(reverse micelle) 2ot 1.78) 49t &3 7HHty FREFLS E4AQ
poloxamerg Ahgsto] W/O o|d@xE THE ZAOoRRE FHlFTxo] AYFozn FEEE= AL AEA
rasteict. whebA, DGPAS] FHujARA L] E4S o]gsty, FH4te] AAYS F4st= 7= 3t
FE ATt cerEEopolA ARDZTLAZA §8o] 7T Aoz tiE

ko)

FAo] - FEE FusT FY7s S, FYE

Abstract : This study is to form the self assembly of cubic crystalline phase to penetrate into the
skin epidermis. The various performance synthesized diglyceryl phytylacetate (DGPA) having
hydroxyl group (-OH) and 4 methyl chains with phytyl group was carried out as an amphoteric
lipid such as emulsifying power, self assembly. Emulsifying activity of DGPA was very stabilized on
only 1% of small content, it could make a W/O emulsion containing high internal phase
incorporated with water. Cubic liquid crystal structure with DGPA on three—phase diagram was
formed, when mixed DGPA, dimethicone (2CS), and water. Through three—phase diagram forming
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the cubic liquid crystal area, hexagonal structure zone, and mixing water phase and hexagonal
structure area, reversed micelle area were respectively certified. Its structure was proved by the

SAXS (small angled x—ray scattering) analysis. As an application, formation of cubosome containing
10% of magnesium ascorbylphosphate and 5% of pyridoxine tris—hexyldecanoate was encapsulated.
Occlusive effect of cubosome had above 1.7 times better than reversed micelle. From using

poloxamer of dispersing agent, phase structure recovered from W/O emulsion to cubic liquid
crystal phase when storage in 33° C incubator. Therefore, our this study is expected to be as

epidermal—dermal skin absorbers in skin care cosmetics and pharmaceuticals industries as raw
materials to form a cubic crystal phase through a more in—depth research to DGPA having

amphoteric lipid property.

Keywords | Cubosome, skin penetration, capsulation, stabilization, cosmetics

SPEE S ooFE Aol qlojAl wRe]8A
FHe Hooky fFa4ES 39
Sshe 71EEs o8] 71 Alge] el mF®
Hol| B3urs J4gsk= O/W (oil-in—water) T
o] odH™, W/O (water-in—oi)ge] oHH9]
7ol dEHo|tH1~3]. o]F9] o2 [
o] dx Hyoer s2& HAoAU 1A
AHFHE o] Qlx, mFo] Ex A niE
g AR Sl PP, R e
2hg, pHEAZ-E 5 8w gl o o
It Bse Foshe 7152 7ML AHH4lL o
o7t 852 & o SUisksty] flste] ois
TE W=7 s flste]  oEEbdeRE
(multi-lamellar vesicle; MLV)2 @45t= MLV
liposome?] ZHgEold 7|&, HERIAHF
slbel W/O/W(water—in—oil-in—water) ©|#7
71%, HAF3Hliquid crystalline emulsion) 7]&
o] ARE 7]&2 wWol §&EIL UrH4~T].
2, Fu/d A (amphoteric lipid)S o183t
27122 A 9] Adel disto] AEg Aol &
TotA APE Sl=dl, trAes ZYmY H
2 S (vesicle), FHEIF(cubic type)2] A7|ZZA]
(self  assembly), dAFIE  FZ(hexagonal
structure) 59 BEIFF 7]Eo] of7]e] ST
"o}, o] A9 HFRAL HR=RYH o=
Fojote oFEHAGA|AI(drug  delivery  system;
DDS)E ZHste= 7I&2, oS WEA F5A
7IAY, oFE2 AAS] &Aoo 54 SHMEAIA
HH3t AEZXE75S St Bk adHg A

B2 MEste Zo] HHA Al Ao, 9]
55l mEe  FHeZH| EAlshk= AAEF
(stratum corneum)<> 2hA 2t 2 (lamellar
structure) 2 FA4Eo] St o] ZAAF oz HEH
71} dAEe] e mFxze etdetd
ogRE Fuge FxE JAE Zol L
Norlenol ©]s g&tstA grslzlet [10~12].

Sdo= o] e vesicles & gz
(liposome)?] 7|42 DDS9| 7|28 Hg=1
UTHI12]. 2t o]t &2 =hdlebdol ezt
5L HfAdo] Lomg ZAEyo] AshAo] oF
5t7] wiZel mFelgA &2 PFEor ARgo|
At os ARgEo] grH[13,14]. I oF=9)
TUaEo] Iobx] @A fdot oF=9 st
Hofl A= 22| 2 oF4dS 7HAAL leH14].
HH1AAST FMS AeHA717] 9iste] 29
AEEL239l (glyceryl monoolein), ITEE
< (phytantrio)& AH85}F] bi-continuous 78
T2(Q2), FATEFERMH2) 22 F4ES 7t
A AZIZAA7E A= JJou15], =St
7HA] R E F-83 FHAAA AL o R 7iA]
A2 &4 Stk Hau SRR AbellME A
A2He Aol gl el

wbA], o] A<= bi-continuous FH 4]
A7N2AAE s AT FAMAEAED E
g2 ETEoAEH 0| E (polyglycerol
phytylacetate) & 4st9a!, 1 W] {34
d, bi-continuousFHHAG ] APHAXAS 3T
£k 0 A Fot] St ERE 47X
AdRREAS T AR oA, #HMan
(occlusive effect) & STt SP&E] Halst
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A 8 & JEE Fadioel drE FEE
(cubosome)& A X3IHS =
o HAUZHOR Jiet A5 Rt

21, A&

2 o] AAgE FHEAS AL e
MR A 2N monoglyceryl phytyl acetate
(MGPA)E  Fig. 1o UgUglth. 3sehgo=s
5,9,13,17—tetramethyl—4—octadecanoicacidpolygl
ycerol acetyl ester FE|E 7HA= BEZZ AHH
/dsto] ARgstath 2 AddolA+= DGPAE +
7|2 AFESEITE DGPAS] AL diglycerololl
phytylacetateEs pH=4.0~6.0H?lolA  ZoiAE
dol 14417t 2| & Asto] esterd?2 Bt 3
Aottt e dgEo 2 dimethicone(2CS), HA4t
AZ#  poloxamer (BASF, &%), EFAZ
glycerin, 8= AAFE AHESHITh 1 519
A=E sPdE-80 dus HEAY glo] Id=
ARg-sATt.

0
S
(0} OH
OH
n

Fig. 1. Molecular  structures of  polyol
phytylacetates  (5,9,13,17-tetramethyl—
4-octadecenoicacid polyolesters);

n=mono glycerol or polyglycerols

2.2, 77|

FEZS AR o o2& AR oEd
(fine emulsion)22 WE7] ¢Jste] AFRH 7]7]
= Homo-mixer(HY-00014, 714, =),
TEA7]Ql nanomizer MN-110(Rfo]| A 2=~
S ARSI JAE A4Sk AHlE
Mastersizer 2000 analyzer (Melvern, 9=5)E At
gotyrt. qAulFxE JFHARE Fdstr] st
o] SAXS(small angle X-ray scattering; Rigaku,
YR EA7IE ARSI

2.3 4Y

dfol AR ol T4 o] AAT A 2A 3

23.1. 393z A

AAEF] HJBS HAERHO| F3l1, vortex
mixer® 38 ZoF wHISlo], 25C2] 1o AX]
sto] AEFEH A foEdE 9 wgdAngY
AAEAS EYE 2Pt A7EA AdEQ
DGPA, dimethicone (2CS)et AA4=2] H[E&
A 7IHA Byt do] FAEE 7S B

ot 24 d 24 Fol A

[‘

3HE At Fug Agel 7
22 FACIRE 24X JARA AAY
| o BAskr oEebdeHmuli-
lamellar) 722 @49 3 A=E Z4stel
FUTEE Y5k 7He Slsat.

2.3.3. Cubosome?] A|Z

20~30 wt%2] DGPAS] 10~40 wt%2] A4
£ =5t o2 10~50 wt%2] dimethicone
2CS)& =gato] wytgto g FHl o] FAH =
o], ol Hst= FEAAES EAF HiFgste] H
d2lo] QAIE Qo BUF L2 cubosomed T
St o7]el 4] poloxamerE deol mlA|
A2 2afistal, oA AR Eo] Y
a7l 7tk JRE G5k AoZRHE AA
gt cubosomes W& 4 2U%th. Cubosome©] s}
=gt FuEdggdor ghelo] Herte FEsh
st o] ARE 37° C dFHlolEe] Yol ¢
HAZE 30 AP ZAA AsksreAE okt

k.

2.4, LEEA|E(in—-vitro)21} &H

N2 (Franz celloll 12 mLe HAFE A
a1, HroldEYolA FulAFS 012 gixdt
Millipore filter(pore size 0.025 mm)E 7RF+HE
dosteet. o] ARE 37C, FE24%°] F2x
groll HESHh. @FFAIE(in-vitro) @+ &
23S S5 W/OdEH o=z HE Q2
Acubic phase)oz2 EYUEE Ho]AR Sl
dimethicone(2CS)et FAFE wARRE W/OoH
A& Axstedek. QFmFo] Zastoe] 33T, 84
T+ AAISke] oEHe] FRHSFE SAXSEAS
&oto] gl
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3. #at ¢ nF
3.1, RElds
FHAmAAAAZH MGPA, DGPA, triglyceryl
phytylacetate (TGPA), erythrityl phytylacetate
(ETPA) & &5kl FHIF49] 7Fsde &4
Skl
DGPA®S] 7% alkyl chain®] 4702] methyl”]
£ Zt= phytylt25 Zk3 11, 2709] glycerol
| @zslo] Batel 2adol 2 ool A 4
U= FEE EHol 7] "iZe] 7Y bt oY
Aol FAEE & & USIth ¥, MGPA,
TGPA, ETPACIAE= FARE F2& FAEHSUS
L, AR § Aol ReEe @S skt

(]

o] Wi Azt urz] 97| wjFolatal ESH 4 9]
At

wtebA DGPARRE AAsty faH4ds2 H7t
g A3E Fig. 2] UEHHSITE  1wt%S] DGPA
o 4wt%2] dimethicone (2CS)E Hio|dHol| &
A oS, FAFER A3 004 2EESt
vortex mixer® EE59L A%, TUA W/
HHo] FAH= APHE 75t Fig 2
|4 B utel Zo] 3027 E8st Aol oF
f_\i]l—o]_t,,]‘— HAFL H X~ 0]

2

o}
= o= ETM—-T,—, 1‘?_‘76]37’]'—?
= A2 80% 7WdAl st A= o,
B A3 Fo= okt W/Oo g Aol I
S & 4 gtk o= 1wt%e DGPATIe &2
95%9] &g SHAsH EFsl=s Aoz Hop
stEo] ofF 943t Ao2 HofHt,

=

D9

do M1 ol

Before shaking 30sec 1 min 2min

Separate W/O Emulsion

—>

Fig. 2. Emulsifying activity of DGPA lipid
containing 1 wt% of DGPA, 4 wt%
of dimethicone(2CS), and 95 wt% of
water during shaking by vortex mixer
for 2 minutes.
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3.2, Fujy Aol 48

FEge] gdettRe dEE] 2oARt
FAE =, ALZARDS AL edt =9 A
AExAoAT A=), o] AE Fig. 3¢ Yet
Welel. Fig. 3(a)= "HHsty FH3 Ado=s
Q2% FEEE FAste ARxlelw, Fig. 3(b)=
OF7F dEo] 9l ZALSZ Ho} hexagonal phase
2 W™ Ap¥oltt. Fig. 3(c)= poloxamerE Bl
gote] AR gEoXl cubosome2iRt Al®
o] e tEHoz AASHch FuAto] &
IAEE 24L 70 wt%2] DGPA, 5 wt%e]
dimethicone (2CS), 25 wt%2] AAFE &9
ogx Fuitel Fgdo] FAHE ). o] HlEo]

an =

£ A4S B & U8t ol& | Alandert o+

g -8l FLR AF2 oy ARt 33A 6] s}

of wet FHldelA datarg Fx= HEd 4
+ W8T AR S Hold UsS &

Fig. 3. Photographs of cubic liquid crystalline
using DGPA;
(a) transparent Q,, (b) opaque H,, (c)
cubosome.

3.3, 34 X E St FuIAFHO| XPI|=EH
Mo

DGPA/dimethicone(2CS)/AA2] HEE &
sto] odAge] AsE Fo ARHeR HAFA
TE Fig. 4o UERgIch. DGPAZL 75~95%9]
Jgo e BB FHUAHQ2; Fig. 4a)7t 34
St DGPA 65~75%2] F9olA= ¥
o] FAAIL(H2; Fig. 4b)e] FASHAT
DGPA 60%°15te] F9old= 27H27E S5
o] Q&= AMEj(W/H2; Fig. 4b)d< & 4+ Ut
dho]l dimethicone (2CS)o] Z7EE JoflA
microemulsion®] FAEE LS & + 4

rr
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=0, olA2 Fugx o] edof gl 4
A Om) ol AL 23 Anjdido] £3}x
o] QJ=W/Omgel A7|2AA7F FAste Aol
g nFE 4 Qrh. o] APIEREEH
65~95wt%2] DGPA, 0~10 wt%<2] dimethicone
(2CS), 55~90 wt%e] ZAl4=<] HlelA 7H
Hstal Eiet Q29] Aol FAHE RS 34
O] 4HEL AAES Foto] R 4= ATt

2 a2

Dimethicone (2CS)

1.0 0.8 0.6 0.4 0.2 DGP

Fig. 4. Three phase diagram of DPGA/oil/
system at  25° C;  Q2:
transparent cubic phase, H2: opaque

water

hexagonal phase, Om: microemulsion,

W/H2: mixed water + hexagonal
phase, W/Om: mixed water +
microemulsion.

3.4, AZIXMLAZEM(SAXS)O ofst £ZEQI

g dHo] FHEE= F2E IS A
Sto] Fig. 425FE bi-continuous lamellare]
AEE 2ol Wddt Fig. 49 (@), (b), (©
o] 24l diste] AlsHA Fx2E Eelskr] 9
Sho], SAXS A& Foto] &RIgk ATE Fig. 5
of et Fig. 5l ‘/}E}L‘H Hje}  Zho]
DGPA/AA4(80/20%; Fig. 5@)), DGPA/
dimethicone(2CS)/78A4=  (70/10/20%;  Fig.
5(b)), DGPA/dimethicone(2CS)/ 3 A|4=(34/6/
60%; Fig. 59 o8 74 m3A2]7t Bragg
Aol FulAlF B F Aol AglQl 1:4/ 2:v 3:4/ 42]
2703} §AT ReozA YA RS T 4
AT BAR Ty ot do= shiftse

Pge Holn glout, 1 Ael: YRSt A

Hfol el ol Fulak ool A A7) 2AsE 5

tlo

& 4 otk o] AFERE DGPA7E A=A
ol ZAA FHHSIA bi-continuous cubic
phase®] o] FHHT= AL SAXSEA AN

0.50

0.40

Intensity
1)
8

o
N}
S

0.10

o’ S

0.00 |
03 0.8 13 18 23 2.8

g-1 (nm)

Fig. 5. Analysis of SAXS scattering patterns of

Q2  phases; (a); DGPA/water
(80/20%), (b) DGPA/oil/water
(70/10/20%), (©0  DPGA/oil/water
(34/6/60%).
3.5. FR420| SRE FEE9 M
DGPAE A}&3te Q o el %S@i

j:; ox
o Hr
o o

A& A, AR 7HsdS Aot @
o] 8oz 10%% magnesium

phosphate, 5%9] pyridoxine tris—
hexyldecanoateo] HJH FHES AXSIATH
5 Jblel 43e Ed 2UoR 2T e
poloxamerE 1~3%2] 3-block polymer type ©]
BHAE Agslel ARES AZT & A%

o] oFZo] BE FRE] FAAIAE SAXS
paARERy U] 725 20 Igew,
o] 7l&d B4 ¥ Qe vesicleo|y liposome
Hoh 4880 959 == AL 7IHe 5

At

ascorbyl

3.6. W/OO|EHMo2RHE AUYA(Q2)2E 3

o] g8 4 A== AAMNEE {8,
g AGFxE Flshs Ad(n-vitro)&
Sttt DGPAE ARg’H W/Oodxdo] 4]
HPFz2 IEHE Aol FAHU. SAXSE
Ao2HE Fig. 6(@) (W/O ofdd) £ gukgt
m37) Sl W, 33ColA 8A17F Auet A]
gode Q22 2EEHe Ziolrt (Fig. 6(b).

ooﬁv:mﬂ“

L Az ox
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o] Atz HE DGPAE AH8S F4Fe W/0d
ddo]  mFo]  Exsty,  8AZF  F&
bi-continuousFEA FZ2 FEEE Zo] §-&
3t whdolgty mobEh dubEQl AHEGAE
AHEStE A9, W/OEA A 9-5‘/]' g4 7t
st 2t ‘:}~ TEE HSP|ETE= f3Mde] 2
=AY o] H= dAfo] EO]X]K& ol A

FolAel o] W/ORANA Fulate] px=
SEEE AL o4 Alee Wl A

7t
0.40
0.30 &
P
5 0.20 }
£
0.10
")
0.00
0.20 120 2.20

g-1(nm)

Fig. 6. SAXS scattering patterns of recovery
effect from W/O-Es to cubic phase
(Q2); (@) W/O-Es with poloxamer

solution, (b) Recovered cubic phase
(Q2)  structure (after 8  hours
application at 33° C).
3.7. in—vitro LEZA|H Snt=H
& 9o Zxstle Ae Auue 2 &

87
& Fote miE WREE AFSH =&,
oS =Rlste WY IR in—virLFF
AE gits =Adte] Fig. 7o YebfAT
AFL in-vitroHo g FEZHA a1k 7HY
X—l oz ;ﬁﬂ.o LSS tﬂ-lgo]u:] n.] H_Q__Eﬂ—_% 65]/%1
= 58S A W & 4 Sl tiEAQ]
Holok. Fig. 7oA Hi HReE Zo], HY
(blank), dimethicone(10CS), Fu]AAHOm)& H]
WFo 2 AMgste] Q23 Wlw Hriet Avtolrt.
Fuage i gm A
(dimethicone 10CS)3I 5%t ~&F02 HAMA
o] ofF 94 ATk A9t GuAOmE

Loof 1704 0BRAN AT} RO A
& o & qdoe

U oz o ok ©

S LR
16
_ 14 *
St *
9
g 10}
1]
g 8F
b=
g 6 r
2 4|
2 L
0 1 1 1
Blank 10CS Q Onm

Fig. 7. Occlusive effect of cubic phase (Q2)
against blank, oil (dimethicone; 10CS),
and reversed micelle (Om). *p < 0.05

III0II

3.8. RYNYMo| 3|23} FELES &

Falgol sEy Fuogs @it tisto]
&7l 44 Fig. 8& S8t 7&stnar g
DGPAE Arg<h FHlo] A4S shge] ARgol
folsl® FHRHEFS THE oHHS Fig. 8F=)
DA Ee}l Zro] skt

During application I l After application

H20 Qil (2CS) .

Cubic LC

A

v W/O Esvfr

Fig. 8. The schematic illustration of change

from W/O-Es to cubic liquid
crystalline structure upon application.

W/OEdE oo Exstd  EX
dimethicone (2CS)7} F&Eo] z]do] FxEH
A AxAoz Q9 HALZZE JEFA =1
olu] 943t barrierdto] &A=lo] WA}
F517] E|al Fig. 895, old € 7Y
Ao muol ZtAzy J|Hzor AAH A<
Txot FUL FXE P57 tiEel mEgSs
7} gold Aoz J|gF 4 Yrt olAL

Noreno] ++73t A9 mF7zet A +

e 4
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weken, o7l 483 B BAT A9,
I fatgEe AR U5 $4e uR
Sade ge Aoz A,

o] APME FuF BT GY 270
o] ATstgoL, £F AENES 97E B
sfo] olo] ofdt $44S AL, S

q

R MRESS AL wEdold A =

WA 489 Ao Jdgich
4. 2 B

2 AFsE BS £4A7I(-OH)E 7HA = A%
o 4719 HWAIFS THAle FAAgAA
DGPAE LS ot o=t 22 A4S
ot

A DGPAS] 732 1%9] &L FrofA
T O B dobe ebHs W/OoEHA
o] F4x=|3lt.

E4]; DGPA¥E dimethicone (2CS), AA42]
3FEA A S FulAH o] 27| R2A|7 &
A=A,

AR 34 FREE Fote] Q299, H29Y

e o o

27} spbado] BAE 99, dud Jele 3
oA, SAXSEAS Fatel 1 722 Fwet

Ak

A FEREFS $8o= 10%9] niivsors
FEURATO|E, 5%2] w24 Eg A7t
oo]EE BYste] Heststdrt.

AR, FEES occlusive G5 W7ot
AudEct 1,749 3 895 7HTh

AXA: FHRES poloxamerE o]-g3ste] W/O
oddE TE ACRRYH =3 o] Fiont
o} Fadggor IEEE= AS Tk

webA], DGPAS] FHImf/d 2 A o] 2] 224 9]
Pl diste] o& Ax e dFE S5,
FHAYE Fhok=s AHEFAQ skt 71
24 HFE AR oJorEEore] §-80] e
Aoz e},

dlolAE| ol A FuA o] AT A7 xAs T

A ARG S2140427)
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