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Xt FAE L AL EE IR 22 T8 (OMC ) & —Fl A HL UVB [ Il
F, HTHAGEMEAR, FEHTHERARRRF .
TERTIER, SINIGR A3 B AE B TR AR A 2
ot OMCFERZJRANE PR PR BE ST, H RTEERIU) EE]
BRI T GUREEHINR BRI, B - BRMIHE

WE S (LLCs ) AR B /TR R E A A
Rl J4pck, LLCs HHEAERAHER, SHNEH
Feitk . LBk 3R (PR INER ST, Tz IR
71, ELEE . ERENE . REIEA, seRaRAtIEmis
IREER D, (2 AR R 23R,

KB ERER ) (APGS-Na) | 2 (OA) .
5 L 1400 (PEG400 ) )7 #R 4l K 7 APGS-Na/OA-
PEG400/H,0 2 IR i (L, LLCs) fRZ, FF¥5 08 i &
OMCHEVAFE L, LLCs #5124 (POM) |
/N X BSERHIY (SAXS) | A SO E B LT A

i (FTIR-ATR ) FHiAE 2% T k) LLCsAF: i (2544 12 6
BHTRAE. [FI, 8658 T L, LLCsZ5H A0 5 Bz b fig e
PAK. OMCTERZ JHAMNZ PR B RE T (R0 o
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1. SERRER S

11523835851

T DUk R R ER A (298%, L= H
fil) , MR (AR, EHZGEH]) , BLEE400 (AR, [HZ
WA, N AR R AR (299%, Adamas) , PHEEEE
(299%, Adamas) , W (HPLC, [EZ5u() .
1.2 SEIR{Y S

JifE % 983 i A MX-S (2 [H SCILOGEX A 7] ) , B0
HLTG16B (I EARIAMERA IR AR , (e R
Axio Imager A2POL ( R/RZEER KM AT ) , /N XG4
U Xeuss 3.0HR ( #:[H xenoes A H] ) , 4 H ShE 25 (Y
ACCUPYC 1 I 1345 (SEEZTERAT) , ZIA G
{8 BLIH- A8 02T AN %Y Nicolet 6700 ( 35 [E Thermo Fisher
AT, AU DHR-3 (EE TAAT]) , mURo -
LHA] LEIE Y Ultimate 3000 RS ( SE[E FEER G H/RRHS
NED) , BT EOREL TK-12D ( IR R 5 A 1R
VACIDNS
1.3 APGS-Na/OA-PEG400/H,0 L, LLCs#9%lI&
1.3.1APGS-Na/OA-PEG400/H,0 {4 = e A IFHF T AifF 58

AP BT 9:11 . 1:1RT11:9 1) OA 2 PEG400
RAY (BRCAH OP) o X APGS-Na/H,O JFi & A 10:0~0:10
HNRE P TREFREE, FFMRZ/KIE IR L& 2 wi% I
FEEEIZETRN OP, JEIRIER G5B OITHE 48 h,
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1.3 2B B 1. OMC B Il 5
HeREANTH OP Huffi S () APGS-Na/OP/H,O L, LLCs

S1. S2F1S3, A AlEEAI# LS OMC/S1SEIFE R SIR
S2R. S3R. S10, S20 % S30, 4% LLCs{RK Z (1) H AR 4 i

SENELL EFEOEETH S gff M, b
W% APGS-Na % fift, FRARHI & 42 1) OP 5 254 1938 & Wi
NZAERT, SRR EREEIFRER L, Frakt
A E I NORAE T R85 LLCs FOZ5H4 o

F1 B LLCsARRARIIREDE %

KR APGS-Na OP H,0 W OMC
S1 35 50 15
S2 35 50 15
S3 35 50 15
SIR 35 50 15 2
S2R 35 50 15 2
S3R 35 50 15 2
S10 35 50 15 - 3
S20 35 50 15 - 3
S30 35 50 15 3

1.4 APGS-Na/OA-PEG400/H,0 L., LLCsBIZRAE
L4 1R R%E: (POM )

ANITAAR L AAEA & SRR, Mt ™A
RO R YE SO ™, B ISR POM W AE i S5 A R4 7
WIH5E . R Axio Imager A2POL M {56 i 43 55 W 4
BRI FAL
142/ X ST (SAXS)

FIJH SAXS I £ LLCs /K 55 Y A% 24, (1] Xeuss
3.0 HRAY X G2/ N SR GEHEATAGIN, Rt B H BE 25
BN 264.5 mm, TERZSEMANG, DA IEZSHUE ",
1.4.3 E98 SR LA 2T A 6 (FTIR-ATR )

105 LLCs #4431 FTIR-ATR 354 17,

1.5 APGS-Na/OA-PEG400/H,0 L, LLCs #HZE M RAVNIE

HEFE A 40 mm, HEON2° (L &S/ DHR-3 2
PR B TR AR M SR A E o SRR DXCETE
1.OHz (46 N TR /T4 T e , SRl e nofe
ERN ST T, E0.01 /s~100 /s 5T H1E ST W RE I E T
TR By o & 1
1.6 APGS-Na/OA-PEG400/H,0 L, LLCsHIRiZFl
1.6. 1A B AR 7 O o

N T IHEREE AR L, LLCsRZR BT, Hi%
1 g BERRER TAREIRE T, TE32°CTRF4E, RS
RORAR @i (HPLC ) 54T Wekei s (UV-Vis) B¢
FAT A R R 2 1Y, DARIRE /7K (98/2) IR

018 |ENEEE 20263 85H

EFEHTH, FEEY 1.0 mL/min, BEFEEDN10 L, (i
FER C184E (250 x 4.6 mm, Spm) , fEEF25°C, il
WA 325 nm,
1.6.2 OMC B TR I E

MPAFH VBT, M LR RMETBR.
HAEH s LA R + B (E+D) TR I 45
PG, RIMNBIEIRL R A T EY HUb RS (Franz
M), HEERARE (2mg/em® ) FHEERS B T EAE LS IR
LEREEBRAL, 50T 10 2, 40 6. 8 hiitdE2 mL&E4)
W, AN 0.45um LS, JEE HPLC 5 UV-Vis Bk
A (F1.6.1) Fll] OMC #it, Hir, 2% (7.0 mL)
N pH 7.4 FIRBEIR AR 22 W ¥ 2.0 wi% 2B 1LIFLEE FR 80 vA TR,
T HWEF N 3.14 em?®, HIE32°C, FF7E300 r/min [F
Bepii

BiERRsEE, FEH R EZ RS, B
SRS RZE (SC) |, BTN S45 3 mL H
FERIRE . 28k SCIE, FTF ARG TIYIHI SRE Rt
XEk, K HFER IS 3 mL FERE . LRI
P HES min, #7530 min, 3000 r/min [ E5C 10 min, f#
PR 0.45 pm ARG IE,  FIFIRE T HPLC 4007, i
SC } E+D H{RF ) OMC!™,

2. ER51E

2.1th=iaE

£25°C TS 4 1 AN /] OP Jit 5 FE it % 17 [#) APGS-Na/OP/
HORRMN=J0HE, WE 1R, AT RR BEH
=26 BEUIRARR (1) | BWEEARR (1) FIHHE X
(20 ). Hep, BUIFMEARRMXEN L, AH ", B OP Ll
FEIN, R ERRSI L, X (D) RN

OP 5.1y
0.00, 100

85

100,
0 000

1 7£25°CHS, [E OPELHI ™ APGS-Na/OP/H,0 AE
A =TcEE



2.2 APGS-Na/OA-PEG400/H,0 L, LLCsHIZEAE
22. 1 A (POM)

BRI RE R ST, S2 5% S3XS AW [ K2 OMC #E 73
L E 2, HOEEERUPEAIEE R K OMC S IR R (58
PSR L, AHEE T

E]2 SIR. S2R. S3R. S10. S20 K% S307£25C THJ POM &
222/ X FTEGHUN (SAXS)

1] SAXS MR R TG A BEfTRAE, L, 250 g
AR O B AR 6 1:2:3:4 1R R I3, 7E LLCsHE b
S1. 82} S31y SAXS AT LAE BRI K (¢) ML/
N2, MM LA, 5 POMETR—EL,

S1

0.5 1.0 1.5 2.0 2.5 3.0
q/(nm™')

3 7E25°CRY, S1. S2% S3HJI SAXSLER

M4 SAXS 455, TILAVESLH LLCs S 10 2
o MFLAA, BESE (o) ATHE (1) HHAH],
FHETGER S FHRZIEE (d,) ATH (2) 25, KR
FRERTTR LR RTR A EL (o,) AT (3) AT, A
HEFH OA (g,) M PEG400 (g,) FIARFREL, KIZERE
(d,) midst (4) 52, Fo-FREFIEREGK /KA
T ERER (o) B20 (5) BEFIFE™, Hr, mrRiE
= (6) HHERETEERGAT A A S0 R
RanF2 HR.

o=2n/q, (1)
=

o

FIESHE (A) 5

RS

q,—— FH— N HGEREU AR (nm™) .
2dp = (@5 + 9o+ @yl (2)

=

d——RIEHA 3 FRERE (A)

FM 4> . OA. PEG400 (/R FH

D5 0o Py
E (%) o
@5 = W/p ) (W/ps + Woipo + Wo/py + W,/py)
=
Woo W,. W,. W,— % T & % 7. OA, H0,
PEG400 [ 34L (%) 5
Por Por Pun Py R THVE M0 1 %5 & ( APGS-Na,
1.5847 g/em’ ) . OAMZ5JE (0.8901 g/em®) . H,O [ 25 J&
(0.9970 g/em’ ) . PEG400 {955 (1.2701 g/em®) .

(3)

d,=a-2d (4)
A
aw—KZEEE (A),
a; = %((pﬁwﬁwp)/% (5)
A
o,—— TR MR / 25 Fm A i
(A

V,—— FEEEFIGAT AR (A o
V, =27.4+26.9N (6)
=
N—— T8 & 14 ¥ 650 A 5% 1 a2 (bR, V=
12),
222 S1. S25% S3AY SAXSHHESEL

GGET T a (A) 4 (A) d,(A) o, (A"
S1 L, 66.13 27.02 12.08 80.46
S2 L, 63.37 2591 11.55 82.49
S3 L, 60.10 24.37 11.35 88.40

2.2.3 FEPAR SR B2 T A6 (FTIR-ATR )

OA. PEG400, OPfll APGS-Na/OP/H,0 L, LLCs/k
I FTIR-ATR ¢ 35 41 €14 7 7R 46 OA ] -COOH Iy
1713 em™, 30 ] OA & Z BT IR 7 B 1, OA+PEG400
RGP0 -COOH I Hy B F5, [ I PEG400 H -OH #H ¢
W T e ) e R B S BRI, 1] OA 4315 PEGA00 45 &5
24 PEG400 5 OA [f11E & ¥ I A\ £ APGS-Na A 11,
PEG400 /£ 1112 em™ ZbAFAEIE (C-O-C %S ) k5T,
OA [1] -COOH X . (1 Wi i et FH IR AT A%, 15 A I R R
SHEE TR/ A0SR, PEG400F1 OA AN AR = T /K%

2026 £3 850 EXEE 019



FRE B R

HfaetE, HAh, APGS-Na'5 OA %% [H] A5 KV FH A
& L M s B Al /7

APGS-Na+H,0+OA+PEG-400

OA+PEG-400 Nty
. ~.. L
PEG'400 . 1730cm’ .
AN ' .
! 3ddsem” N :
%'\mmﬁw{;
N
. 1713cm
—o0aA :
—— PEG-400
—— OA+PEG-400

—— APGS-Na+H,0+0A+PEG-400
1 1 1 1 1 1

3500 3000 2500 2000 1500 1000

HE#Acm™)

[El4 OA. PEG400. OPF1 APGS-Na/OP/H,0 A%
A9 FTIR-ATRiE[E]

2.3 OA-PEG400 & £ ¥t APGS-Na/OA-PEG400/H,0 L,
LLCs £519H0%20m

HIZR2 AT, [ OP & LI/, APGS-NafE#:Hi/kK
SR o /N, TS o d, F0 d MK ANELS, B OPJ5
H VN, PEG400 733511, BE 2 PEGA00 A Witk A k7K
W2, 5 APGS-Na 73— H1 -OH [ &8 F & T3
o FLH T Mpe ol B e Emsst—o i, S
A TGHEERE, 4380, of#k. H/ & PEG4005;
FREAKE, (REKEWK, S84 88K, ok,

5 7~[E) OP L3 [#2 APGS-Na/OP/H,O L,
LLCs 5 REE

24 1 & #2 & OMC7E APGS-Na/OA-PEG400/H,0 L,
LLCs B9 E i

e R, XA B /OMC A Y BLTT (S3R K
$30) HZHET (S3) HHTHAEL, KBUINAM R /OMC
J&, LLCs—Et i@k g X, S atm. FH
FEBKIKEN T, A TERORL B /OMC I ARITBE S RYSE T
AT RARTR HUB K X

020 | EFEER 202638 5H

E625CHY, S3. S3RK S30HJ SAXSLER
2.5 APGS-Na/OA-PEG400/H,0 L, LLCsHILiZF

2.5. 1 VA et B A LA 7oA

WE TR, 1E32°C T4 IS, A SIR,
S2R J¢ S3R (A B WEOR B S EA TR L, KB SIRAHEF (1
FrfEES] ([71.16 + 1.341% ) . WHEK T POM iR, SIR#
I W BB BL S, I & /N SRR E A,
POIRE AT STR B HLEE M (R BRIk T T e B e A L Asc e
PRI FEEAR A B 7 A AN T A A bR 121,

—a—SIR
—=—SIR

—e—KIR

S1K
52

S3R

BfiaEl/d
VE: R R 7E 32 °CHETH POM B4
El7 SIR. S2R % S3RFE32 CTM#Tr 4 FRINEEAIREEZR
2.5. 2557 OMC LME#EHAE SC AR RE )

AP IR OR B AE SC N, B RCR Bl . LLCs 5544
FA—E MRS, X BRI R 7oA, gk B
FRIHE RSB B T e T T B2 PR B N TRTBE R o

OMC HrifEv B i Zefn 5] 8a I, HAUGJS 1) OMC %
TR R R B R R N (8) o [E8b 2y OMCHrifE
fi MO FEIRAR I ], A OMC A7k i S5 aURE A H e P
[FIAEAL,  HEUEERS (H) 433114 8.38 min 11 8.42 min.,

¥=0.66522x-0.31371 (8)



EGEF

IR TR
x——FEmIKE (mg/L) o

(mAU ‘min) ;

(a) (b)
EAENIS [\

b K

w0 3 6 9 12 15

B
WIE/(mg/L) I fil/min

¥ (B (mAU-min)

W (a) OMCHRIEVRAEMZE;  (b) OMCHRIE S MIRFE I R 14

8 OMC iRERE ML R iR ERRITFRRIEEIEE

W 9afii 7, #87T LLCs ] OMC £ Bl £ 2L B i,
SIOZRAURESR, BERE. Xl THERNEY
KW PR B AT S B R T OMC 5 LLCs (9 H BL/EH,
MM T OMCHERZ JB: A B SR, IEI9b, A LLE
t, #FER H OMCTE SCHIIR BRI 5 T E+D, #UH
365, XZRA LLCs 5 SC HAR FRAEEAR SR 1M LA
., 5 OMC W BAAFAINE T IR IIREE, LIRS FR B s
FEARH R E R MR L T RIRE, IF— @R T R
JHAARS ., AN, JERTSR T IR BN G B R T B R
WNE9d 7, OMCFERZ B Hh PR B 2R 22 Bl O T e s A
A, RE R E R B TR E e i s
I8, RETEEIN T B R AR, IR R 42 °CHY,
BT LLCs A FEE T (K7a) , SEUARREREET
B, DRLHGIE K DR AN IR EE N .

[(a) —=—s10
—e— 820
—A—$30

40

(b) [

TR

E: (a) S10, S20JZ S30 /) OMCFE Jit i 225 (b) OMCTE SCH [ {7 & 5 (c)
OMCTE E + D HIERAEE (7224307 * pfH < 0.05, *** pfif < 0.0001, ns: AEFH) ;
d) RFERFET S10. S20 J S30 &R U ) OMC R,
9 RRBEIARIT OMC FIBEHREINIE

RSN

3. 84
APGS-Na 7K ¥ 0K R -2 £ FF 400 1R & 1 1 45 1Y
VO B BRI, TE IS (R A (POM). /N X ZR

5 (SAXS)Ki%ﬁéfiﬁﬂ‘@iﬁ@%ﬁb%iﬂ% (FTIR-ATR)
NI S RS AT AL, IE AR S B R P 25 4y SR ]
H, HEEMBEZMER -PEGA00 1 & 550, %A FR a5
M I OMC, IR T 0B B, [ 4R
OMCYTEFJRE (SC)MRE=E, Wb T HAER K B EKE
(E+D) (BB o XK G AR A B — AR T M
ST E AR, IR e etk Bl
A DA R R T 24P AN s O e 5 ik, 2Rk
FIAMEALT= S FF R SR BRI EOR B8 12
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Study on Self-assembled Lyotropic Liquid Crystals Gel Systems for
Retinol Protection and Octyl Methoxycinnamate Skin Delivery

Xu Chang', Liu Xu-ze’, Xu Hu-jun”’
(1.Suzhou Maoye Biotechnology Co., Ltd., Suzhou, Jiangsu 215231;

2.School of Chemical & Material Engineering, Jiangnan University, Wuxi, Jiangsu 214122)

Abstract :

Lyotropic liquid crystals (LLCs) gel were prepared in aqueous solutions from sodium dodecyl and tetradecyl

glycoside sulfate (APGS-Na) and the mixture of oleic acid with polyethylene glycol 400 (OP) to encapsulate

retinol and octyl methoxycinnamate (OMC) as the medication delivery barrier. Complementary analysis were

applied to characterize the LLCs gel. Additionally, the rate of retinol degradation in various retinol-loaded LLCs

gel systems as well as the in vitro skin penetration and retention capabilities of OMC-loaded LLCs gel systems

were assessed. According to the findings, the inner structure of the systems was lamellar (La) mesophase. In

addition, retinol-loaded LLCs gel decreased its degradation rate, while the retention rate of OMC in the stratum

corneum is 3 times that in the epidermis and dermis. Collectively, this study provides an effective way to prevent

retinol from degradation as well as to control the release of OMC from LLCs.

Keywords :

lyotropic liquid crystals gel; retinol degradation rate; OMC; skin delivery
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