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3} #AR (quercetin & A7kste] Bste Az istel 7| &stech. S EABEAA SC-Lipid
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Abstract @ This study is to produce multiple layers of liposomes in a supercritical state and
encapsulates active ingredients in order to stably encapsulate thermodynamically unstable active
ingredients. In order to form a liposome in a supercritical state, a mixed surfactant development
including vegetable—derived hydrogenated phosphatidyl choline and their delivative, hydrogenated
sucrose distearate was synthesized as high purity. It describes a manufacturing method of injecting
liquid carbon dioxide into a reactor to create a supercritical state and stirring to produce a giant
liposome, and adding and loading genistein and quercetin. The HLB of the mixed lipid complex
(SC-Lipid Complex) was 12.50, and multiple layers of liposome vesicles were formed even at very
low concentrations. This surfactant had a specific odor with a pale yellow flake, the specific
gravity was 0.972, and the acid value was 0.12, indicating that it was synthesized with high purity.
As a result of the emulsifying capacity experiment using 20 wt% capric/capric triglyceride and
triethylhexanoin using SC-Lipid Complex, it was found to have 96.2% emulsifying power. SC
LIPOSOME GENISTEIN was confirmed that a multi-layer liposome vesicle was formed through a
transmission electron microscope (Cryo—TEM) for the supercritical liposome encapsulated with
genistein. The primary liposome particle size in which genistein was encapsulated was 253.9 nm,
and the secondary capsule size was 18.2 um. Using genistein as the standard substance, the
encapsulation efficiency of supercritical liposomes was 99.5%, and general liposomes were found to
have an efficiency of 93.6%. In addition, the antioxidant activity experiment in which quercetin
was sealed was confirmed by the DPPH method, and it was found that the supercritical liposome
significantly maintained excellent antioxidant activity. In this study, thermodynamically unstable raw
materials were sealed into liposomes without organic solvents in a supercritical state. Based on
these results, it is expected that it can be applied to various forms such as highly functional
skincare cosmetics, makeup cosmetics, and scalp protection cosmetics.
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1. M 2 =91 JIAAS AFgst thESe] HEF AR

£ sk 7R 53EC &ote fU18WE

SR AtYREoA &% Edo] ME Y= ARESEAY, oA AUE] §H3S Stofof 7Hs
FeHOoR olFATEE YHOR oFE A 4] T VISR Fof ot JES FUT Aol vt
AEI(DDS, drug delivery system)2 ©]8%t 7|& Z2gt o] ofd &£ Qtt [2-4]. YeF
=& A7eta Yol-2). MEAMe] =g & (Niosome) el obd F4agd] £
719l5le] eF2o] mE Xog F ATEA ) A AbEo] Qe Hlo|RA AUBAAAE ARESH
At Y 73, BT RS AFlA & o PEEFI FYL LXE Aot YHE T
FA s QH3} 7o) HAsH Hagh A4 gH5]. ol FZFol Hlste] WAHZF glomw <t
olt}, o]AL A} Y3t WHo g TR Aot 4T & = Fdol Ao5-8]. FHE
2 sty HFsHAl mFEe| F4A1E 4 1 AALES XY S4 AEEol &
A A&Hold 7|lEEo] wWol AFHy ok THHW dshHom et AHE AHEE A
[3]. o] oFE AHE A|AHIoZ it FHEdolA < F59 AT ZRAATL FAPE] 3xpEH o=
AFE dEHFezr FEZF(iposome), YeEH T4, Aol dAFRE P45t w2
(niosome), FHEZ(cubosome), AALE (hexasome) ZFo FEES YUY £ A= FEIF I
ol St} Ha2FZ(Liposome)S AA|Te] /84 o] Aofo|it OJekRofolA] H2 AT} o]Fo]7]
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tH9-12]. BEEL2 A7|9F Fejol ot o]FHt
o] ozl Hoez FHEe e dEEEF
(multilamellar vessiccles, MLV), ©@gdato= 2
A= g I =Z(ynilamellar vesicle, ULV)S.2
:rL—rE 4 ok g ZEL 100 nm 7]ESR

A71ef] Ek20~100 nmE 22 T2 ZE(small
unilamellar vesicles, SUV), 100~1000 nm¥& &
et 2E (large unilamellar vesicles, LUV) &
o7 ydth ez 371= 200~3500
nm FEZ FEICH[13,14]. FHT LEJA=
294 fAE o) get YrFE FAk= &0l
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grgo] FAHE EFAUSPAE IeE=R
dAdst7]  95te]  hydrogenated  phosphati-
dylcholine (HFo]@FH], =), hydrogenated
phosphatidylinositol (Hto] @ Xl gk,
hydrogenated sucrose distearate (H}O]QHE“ <t
£ Ageldch BHEAR glycerin (LGS}sE,
5&%), QAZMN caprylic/capric triglyceride (1]
A7fu]Z, §H=), triethylhexanoin (KCC, &),
FEAHEOZ  genistein  (HolHH 3,
quercetin (HFO] @ 7H], =) ARESIT 4t
5t A4S $Iste] 2,2-diphenyl-1-picrylhydrazyl
(DPPH: A|amtd=g]x], $H=), 2,2'-azino-bis
(3—ethylbenzothiazoline—6—sulfonic acid (ABTs:
ARt ERl%], k)5 AAeFo® ARESHRITH
I g 2 Aol A d=e PR 539
Alfo g HEo A glo] Itz ARESHTH

2.2, 7171 ¥ X

2 Ao AMEE ZAAFA = Ao
YAFE] Supercritical ReatorE ARSI, S
9 HY-0001A, 1A, =t tjAmEA
@HI71A, ), oFAlHOlH(AGL, $-¢71A, g
=1), aQtuto|a 2 EFtolx (Nanomizer MN-
10, mlolaRNs, BHE AL8Ac Lu
o faldE A el stand
(Olympus, ¥8)& AHgotct. 2ol FxE
e Yl EAAAA0] 7 (Tecnai G2 Spirit
Twin TEM, FEL USA)T} 974} 24 95t
AE=EA7](MICROTRAC3000, MICROTRAC,
USA)S AFSalelT, B4R dig Jarse
I SHATZ0LE TSI (spectra  sysetem
PlOOO, Thermo Separation Products, U.S.A)E
Attt et 24 fstel UVERHES
ZEA POP-S, Alold, e=H)E AHgstarh

2.3, A ¥ 4
1 IxF 4 SAARSEA 44
ZE% BHOIA W2 FRoME #xFo] F
A= EFAFTYAMIZOAN® SC-Lipid
Complex)& /dot= WS Fig. 19 ZAlSHIH
%4 hydrogenated phosphatidyl  choline,
hydrogenated phosphatidyl inositol, hydro-

genated sucrose distearate® HH-g-Fof Yl pH
£ 7.5~8.89 &y AHlE x5k, 180~220
T2 7h2ste] 30~60 mmHge] X-g/dHelA 4
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AIZEERE mHtsto] of~E Aot Wg2 AlZith
ojojAl ¥hgo]l & H=7HE TLC (thin layer
chromatography) 2 2154t ek AHEA
ge 7H & == 5] fiste] 200~250 T2
23t 30~60 mmHg®] AF/Feell A 241315
Qb wHkste] m] WRg-Eo] =sx F7HHES Al

711, 7)o £A7IAE Hrlsle] SRAA 4
A7PE olFold 4 UEE sto] S Eol
3 2~ 0]

T M

A, 29A AEHIA 2l2Fol Z F4
]

= = =1
LE SHAAEEAE 8T &
Mixing
. Mix 30rpm, 4hours,
1<t Reaction 180~220°C, 30~60mmHg, pH 7.5~8.8
TLC Check

Mix 30rpm, 2hours,
200~220°C, 30~60mmHg, pH 7.5~8.8

st 1
2°* Reaction hydrogen gas

TLC Check

pH control Adjust pH 5~7.5

Cooling

|

Finish

Fig. 1. Synthetic method of mixed surfactant
with  several surfactants such as
hydrogenated phosphatidyl  choline,
hydrogenated phosphatidyl inositol and
hydrogenated sucrose distearate.
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232 QA eolAe] B84E] HxF
ik

B AFoH ARgH FxE A xHHS Table
17} Fig. 20 AZHH-S Uehligleh. 4 294
el A BlEFe] & Aol HiE MIZOAN®
SC-Lipid Complex®} oJ4talgtas  Fstod
150-250 Bar2 sto] #2p S AEE A7t =
% otk of7]e fEARS ¥ wyhehH
Ao g gofEo] tEFe] YuFg Azt o]
FojEs  siyrh. 7M. FEAR
genistein¥} querceting go] BYstATt. 7]
BAGE AT BYSS Fote] B4
ol BAEEE ool Ad] 2EES FPAZh
oL  IIgtute]AR E R oA
6,000~10,000 psi, 3~63] FHslo] L F7]9]

g E2E £2ZAE TE AU

2.3, AHEYH Rt AlRYY

ZA dHollA BEFo]l & FAE 4 =
SC-Lipid Complex?] #3l8S Hrlslr] $5ke]
Table 2¢] Yehdl Hiel o], AHZAA ] S
£ 1 wts 13k, 7txde/rtngEgae]
AetolEet ERjodaAtiedl-E 247t 20 withs
ARgsto] U 27F QA4S 100 wi%rt HEs
Sk3ITh olZ& 80 T7HA] 7h2ste] 4,000 rpm
oA 187 TRulAR wykste] 30 7] ¥zt
g ARE 7ML f3HEE Fokskaloh

2.4, 27 2|2E FX Y UE EMuY
Table 19] Aol diste] grEolx Algrt &
xFol FAAEU=A ERlshr] flote] F=atet
Z1EATde] ogst A2 FaAERH
(Cryo-TEM)22 FXE Tttt SAUH
o7 NmE FANXSA &7tHoF Aot

Table 1. Composition of Supercritical Liposome Capsule containing Genistein 3 wt% and

Quercetin 2 wt% Solution

Formulas

Phase INCI Name T (wi%%) T2 (wi%%)

A SC-Lipid Complex 5.000 5.000
B Genistein 3.000 -

Quercetin - 2.000

C Glycerin 20.000 20.000
D. I. Water 72.000 73.000

Total sum 100.000 100.000
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A deEelA ExEe] A B ke

Mixing

Add SC-Lipid Complex
Injecting liquid carbon dioxide gas

Quercetin, Genistein —,

Dissolution

Reaction

Injecting liquid carbon dioxide gas
Pressure: 150~250bar
30~500rpm

Dispersion

Add Glycerin, D.1. Water,
Pressure: 150~250bar,
30~500 rpm

M/F passage

10,000psi, 10°C,
3times

SC-Liposome

Fig. 2. Preparing method of multi-layer liposome structure on supercritical state with

SC-Lipid Complex.

Table 2. Formulas of Emulsifying Activity with SC-Lipid Complex: Oil phase :

20 wt%, Water

Phase : 79 wt%, Surfactant Phase: 1 wt%. Mixing condition : 4,000rpm Homo-mixing,
80 C, 1 minute
Formulas
Phase INCI Name =1 wi%) =2 (wi%)
A Caprylic/capric triglyceride 20.00 -
Triethylhexanoin - 20.00
B D.I. Water 79.00 79.00
C SC-Lipid Complex 1.00 1.00
Total Sum 100.00 100.00
Emulsifying activity 99.7% 99.8%
Stability (after 1-month, 45 C) Good Good
I #HS st g4 Fx2E BEse A YAHE SU3t A= S S5k 9
olty, T3t x=¢A AElA 1= FH4H == Sto] HPLCE AHFEAE AASlth ARE 4
Z9 dAFVE H=YAFA7I] Microtrac T, 25 C, 45 CY <AHlolEe] ¥l 30¢°]
MS-3000& ARgsto] dzte] Ei2E S5kt A Feo O QrtE SASHITh AgRAS
HPLC spectra system P1000E AM&sI9Y,
2.5. Genisteing S st XA 2| ZZ29] Columng Phenomenex Co. (Torroance, CA,
HPLC MZFEAM U.S.A)9] Spherex 5 C18 (250%4.60mm; 5um)
=94 HuFo] AxHes g =4 A E AHEoRH olsd2 5 mM NaHPO,&H
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(pH 4.6)7} “ﬂ

2 1mL/min,

2.6. DPPHHZ A&t
Ry 514— A=
AN@&E 7}X 1 DPPHH O 2 é 40}93&} #Mﬂ‘ﬂ
o] HAtF-o5(electron donating ability, EDA)2
2,2~diphenyl-1-picrylhydrazyl (DPPH) &tz
278 Aoz Blois? WS MPst] 4
StThl18] Alge Al @ HE @ 02 mM
DPPH 84S 1:1:1H]&= 3]Aste] 45190
o P4 3027 Bh & FFET 7P =2
510 nmoflA S4styet. dxeo g Om}ﬁo]
THe ARRS YEES
ZF Almo Sy AAgo] 50%7]- E]—‘C— /\]E—J
L= (ppm)E HIFAS AAdste] FHst
o 33 ZAste] Pughoz Vel

2.7. ABTsE2 A28t sitslsT XY

Fast we IALS 294 UnE 2a
NS 7T ABTs2 Z4sigich. A
2,2'~azino—bis(3—ethylbenzothiazoline-=6-sulfoni
c acid) (ABTs) <Fole Oz AAEA Age
ReT9] 19L& 385t 7.0mM ABTs<}
2.45mM potassium persulfateg 25t A2,
Yol 1647 W-gAIA ABTs+ Sttzd=
FAANZE. o] gde 732 nmolA FFET}
0.8+0.027} Hl=2 3|Asto] 4@ ,quq_g]. c}.
A& ABTsﬁoﬂ-J H= 2:982 E96iAa Al
BE fFaA4E] 100 ppme] HEF _JHo]-or] A}
Botth. o1& &t e, dadA 1087
B A7 & %@ﬂ@c‘wﬂ ABTs @zt 274%
@o)=(1-N227te) §Be/AR Tzt 5§38
©)x 1002 Adtste] 23S EEerr)

=}

3. 2t =

)
R

3.1, 2|2F J|&e ST U A 2=EE
MY oFUS
dutdoz  FEAGA AREE FEE
e Y2EF Alxole o9 H¥Eol o
Bangham®] W¥[20], 57180 FARH[21, 22]H
A e [23]50] Rt o] 7|&9] &A
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2 a2eln ‘ﬂin% AxsAY {71809
=4 wiEel AgFHelA ¢ FEdgmiAlz
A E NS t 71 8uE AHgshd o5 o
S| AAASHA] @Al gotb 97l el “Fedt @
ol ot Zi 1 vieAlsiet. Egh o] AlxF
o] 2oA A =4
Az Elol E]L 7& @C’J —E—Zﬂﬂ ‘Riﬂ’r st
o 29A FHE olHd BAEE AT S+ A
ok @A SiellA] SPgEClA S8 2dAETH
2 HAoltstdas olgste] g JlotA] ¢
Fa4Ee FEe 7les ARgE st 18
U 2dA Aol dzge AAAA FEe
TYste 71ES FilA X{\:l———i A== 7]
&o| ohd7} Arh. o)Zg WAYSH R 7]&s)
W Fig. 33 Zth.

Fig. 304 Hi= vfe} Zo] ¥h-g-xo SC-Lipid
Complexs il A OV}S’} a5 FYUste
150~250 bar= 85t wutshd Aeimozm
8ozt et of7]e] &ggE A2 AT #
Age gold gzg LAxA Wil Fdsta,
AT AAFE Hol HEES %‘W\ He
24 2480l BdE Al zF HAZe
BREE Ag o AFE Tt Uﬂﬂ‘%ﬁﬁﬁi
SH A 7T HRS Zo] AWSHAE YT o]
etgas Filste] geivksd AHE WEL,
1719 Zﬂ‘/]/\Eﬂ 15 HolA 22 Z=2H" &
E7h = of X}ﬁﬁﬁi 055 dxF 2xA
Hiel mjgo] olfold 4 Qlrkal 1SR
o] Alge mrte] edstA] 7] wiEel Adi
RZEol YAHE AL & sl olze A2
oA 1% wholAzERTho| A FIAHLZHA
Mg e Je] Hug A2AE WHE 5 3
Ak,

jan

= r

=

3.2, =& AHedN e 2™ Ed

of Aol A AR 9 WS Foke] ¥of
%1 SC-Lipid ComplexE Fig. 4 Yeict.
ol AHEGA e w2 A Eeola,
WA= ofte] Bolgt A7 e Aoz uE

ok e APRE 0120093, Mg 09722
=3 ;4041;} Griffin42 o]g3%t HLBZS =4
st Adl 12.502 94351 A4 4358 A=
AL o 4 9k HLBo|2¢] waw HLB7}
w2 0~32 A2A 9] 75, 3~72 W/O /3H]
5 8~118 BAAS, 11~132 O/W {3517
5 14~202 718375 S A Hom BE
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Multi-layer
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Fig. 3. Forming mechanism of multi-layer liposome vesicles on the supercritical state

injecting liquid carbon dioxide.

SC LIPID COMPLEX

Fig. 4. Picture of surfactant of SC-Lipid
Complex synthesized with hydrogenated
phosphatidyl ~ choline,  hydrogenated
phosphatidyl  inositol,  hydrogenated

sucrose distearate.

St glol, B djeld  g4d
Complext= O/W G3lAEX ZH3 a2 7}
2= Aor pAstYT) [24~26]

3.3, AHEMAC 313 ME Hot
AAZAA ¢l SC-Lipid ComplexS 1 wt%,
o /7t g ErgeAgto| =gt EgjoHd]
AReQlE 242 20 wt%, AATE 79 wthes A
83ste] & FeFo] 100 wit%rt Hx& sto] {35
g AYAS AAS ZAF}E Fg 5o e

Fig. 5¢] a= 7tz de/7IZEdSeAetol=E
AH8RE RetEle e ARdlolH, Fig. 59 be
Edodsiatinils AE3H o1 ddditolt.
Zinde/stng e eidetol=e]  fEEE
97.3 %, EFeldsAbed 2 96.2 %0 fotEE
7 Ao d&Hd

Fig. 5. Pictures of emulsifying activity using

SC-Lipid Complex. a: 20 wt%
caprylic/capric triglyceride, 1 wt%
SC-Lipid Complex, 79 wt% water,

b: 20 wt% triethylhexanoin, 1 wt%
SC-Lipid Complex, 79 wt% water.

3.4, ZUAIMENCIAN Ed
i%’ﬂl%ﬂioﬂfﬂ ‘r}%"é%@‘ﬂ genistein}
querceting BUT AWE Fig. 501 UEr It
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AY2HRS fFEgoaRE &3 o|aFetE 3.5. 1 2|ZE YXt £F ¥ Cryo-TEMS
FHS dRoz Paket #E P oJAERAS 0|88t 2xEN

gsteted Ees Fe ACR dEA 9le 2974 FHoz AgdE AyAgHlo] Eelw
=20t} o] AEe 2UA AFHlA 2xF 1} 2|ZZ w|x)29] AT 7]|= Fig. 7o ue
Bt AAE Fig. 69 aol WERSich #AE itk 2@l B Hiel o] BF A=
2 AL FET EFtElolE AFe] Pt 253.9 nm, 27+ Z+e 192.6 nmol Aoz et
o dEoz wWebd e AlfsiAy ==t Yot Eet g2E 4Axde] 1xE BEs]
Al =me FE Aoz dHA e 240l st} 242 =AU A (Cryo-TEM)S o4
ool AEe 2UA Al xSl STt sto] Tt AFS Fig, 8ol Lehiolct. Abde]
2= Fig. 69 boll Uehidith. o] /2] 24 A BRI ule} o] AxAo] @7t ub =ulo| t}
AES 29A AHelA 2lxF 2xA HRel Zzo| ghllal 2z7 FAHYS & 5 o,
wj7ste] Flsh=dl destilen, HPLC A% Azt Au)AGoA Hoize 2xA Q] dATIN=
w4 e 2y S4E So FdEes oF 276.8 nm¢l Aog Uehdth AR Rl
ARt YiEEe FEEER oto] Hluw HUKE A

£ st

Fig. 6. Pictures of SC-Liposome genistein, SC-Liposome quercetin capsules with supercritical
state. (a): 3 % genistein SC—liposome capsule, (b): 2 % SC-liposome quercetin capsule.

Particle Size Distribution

100 20
a0 18
80 16
L0 "
2 60 2t
g 10
S 40 8 2
30 6
20 4
10 2
0 1ty
0.1 1 10 100 1,000 10,000

Size(nanometers)

Fig. 7. Particle size distribution of SC-liposome genistein by preparing liposome on the
supercritical state. (Mean diameter of the Volume distribution : 263 nm, Mean
diameter of the Number distribution: 176.2 nm, Mean diameter of the Area
distribution : 227.8 nm)
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Fig. 8. Picture of SC-liposome genistein having
multi-lamellar structures by observing
the  freezed  fracture = Cryo—-TEM
analysis.

3.5. HAMEIQ Fitsly =Fs Seb Add
rrdat

QAo fofigt EAg4ts Fol=  hydroxyl
radical (COH)¥ &2 & AAE Zte AR
o] Z3tE|o9It}. o]Fg -OHet &2 Yz
g4 ol M ARAAE FERH R EQF
Aol AZE wWEA &GAXIT st g
ot & o] AAE AFl HHEE 4
ste 9l fdEE Fot FAo] 7hssith
2 AFoA= o] 3¢S DPPHS ABTsE &
sto] ZAstiet27]. ol2TE Fig. 9o e
Ak 294 FHE olgste] tEEo 2EF
T HAEE BT ol A 3
4°C, 25 C, 45 CollA 171 B AT b
AR TR ZAato|nt. oA Hi= vt
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Fig. 9. Anti—oxidative activity of SC-liposome
quercetin measured by DPPH method
calculating consumption rate of SC50
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