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Abstract: The transdermal delivery and antioxidant of
ferulic acid nanoethosomes prepared by microfluidization
were studied. Firstly, the effects of edge—activators
( Tween—80, and sucrose palmitate ) and lecithin on the
encapsulation efficiency of ferulic acid nanoethosomes
were investigated by the response surface method. When
lecithin, sucrose palmitate and Tween—80 are optimized
at the ratio of 0.68% : 0.51% : 0.25% (w/% ) ,
the ferulic acid nanoethosomes demonstrate better
characteristics of small particle size of ( 104.5 + 0.7 ) nm,
uniform particle size distribution with PDI of 0.05 + 0.01,
high encapsulation efficiency of 88.8% =+ 2.6%, and
high storage stability for 60 days at 25 “C. Secondly,
the antioxidant ability and the skin penetration
property of ferulic acid and its nanoethosomes were
evaluated by DPPH free radical scavenging tests and
in vitro transdermal assays using Franz diffusion cells,
respectively. The ICs, values of ferulic acid and its
nanoethosomes are 8.7 and 11.7 pg/ml, respectively,
indicating that the ferulic acid nanoethosomes exhibite
enhanced antioxidant activity. It is found that the

nanoethosomes have better skin permeability and their
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skin adsorption amount and accumulated permeation amount of the nanoethosomes are ( 18.2 +3.5) pg/em’ and ( 25.3 +

3.2 ) pg/em’, which are 1.2 times and 1.4 times higher than that of the ferulic acid propylene glycol solution, respectively.

The prepared ferulic acid nanoethosomes have the advantages of uniform particle size, high encapsulation efficiency and

storage stability, enhanced antioxidant ability and skin permeability, and can be extended to the preparation of other

phenolic acid nanoethosomes and applied as transdermal carriers for antioxidant, anti—aging, and whitening cosmetics.
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LA (ERAER AR . thIE-80 ) XJ B BERR 9N K B A (L B RS, Akis 2. UPBEAE . HERIRERNERER S kiR -80
}0.68% :0.51% = 0.25% (w/% ) iF, Bl £ 0 B30 R g K B B Aok AS /N H v A #94) ( (104.5+£0.7) nm ), PDIK
0.05+0.01, fEHRE (88.8% +2.6% ), FEMkEm (25 CRUEAFI60K ). HK, RHDPPH H 3% bS50 Fl Franz™
AR SNE K S 3 BIPEAR T PR R A0 K B AR T Ak M RE RN B R MR, BT AR IR AN K B B AR Y 1C, {E M 8.7 pg/mL,
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1.2 LWHE

1.2.1 PIERERANKESRRIERIHI&

K BN R A B AR §1450.1% (w/% )
BT ZR R AH K B A . BAb Ty BB BRBEAE (PC ). BalZR
B, FmEEER (nkE-80 . BEMIEHEBREG ) WM T
1, 2-H FErh . 7835 C R i feis i, #KkM
GBI, BT RIS FEFE30 min, FEHh
750 r/min. K 785340 P AOTR A RO h A = R i Y
JEHLI T —R, 1528 PERIR K BER . Bha s R
S B T AR SRR I e S 43 B 4
— A LI FAEFY - 12 AR ZE H 2L 137.9 MPa
FA) He 0 AH B4 o BRI AR — ] K T o) B 1 B R 4 oK
BE TR AE2S CTN REGORAE o LIAH R 7 12 il 45 25 B
[k
1.2.2 [IERERGNKES R ERI4b A 4L

MR S I 48 25 5, IR & i (4),
WERARE R NG &/ (B), HHE-80% & (C) 31 HE, LU
BUBLIR A K BRI BT 2 (Y) S e, AR¥EBox—
Behnkend I 5 1 FEE, 531318 28 KPR TR

Wit Z e T, @ T R RN £
W R IR R AR L,

£ 1 Box-Behnkenif 3 EZE KT

Tab.1 Box—Behnken test factor level

SES

K A CIRBENR B (M EAE C (H:3E-80
% ) PR TR 25 /% ) ETEI/%)
-1 0.1 0.4 0.1
0 0.5 0.5 0.25
0.9 0.6 0.4
1.2.3 SR

R PR R 275 S5 P, 7 b A R 5 ) 2 T 490 K st ol
IREGF ML o X R EF TR K AR R, H B S A TR
TR L, SERESRY A A RIS AR R0 o i A
SUTEAR N L R e — )2 o DO R R A v 2 T A7 A
VS O P A TR VR o K-V g 0 0 T 2 B8 B R A
RIS TR B ST T BB, IR e R R R
H (=160 CLITF ), WEERIRHIES.

1.2.4 HifE, PDI, ZetaFEfiI

FHANRA BE AR B B AR AR . 225 e 5 5K
(PDIL) FlZetafi i ", fo5 BT BH R 40 K L 5 (A< ] 4l /K s
B1006%, HZetasizeriOCHRLEE /BT AX ST B 5 BT ) 45
HIRE SRR oA, [ Zetasizer OGR4 Hr S0
wAE A Zetati A . PR L4 AE25 C T HE T, M
=K,

1.2.5 SHEMNE

1) BT BRI 53 B 752 i ST

SR FH 8 RO R (L 1 v I B ST B R A (il
FAF: B RORAR AT, AT . IR
FShBCRERS | TR RN Ah - 0T DLAG I &%, WA (i
TIﬁSupersil 0DS2 CgfE (250 mm, 4.6 mm, 5 pm ).
TEA I H . (igal ) f10.1% (/% ) BERR/KIE TR
(60 : 40 VIV ), JaFEN35 °C, Jii#E }0.8 mL/min, HF
10 pL, R R325 nm.

LR RFEE . WS BRI G R R, A
O ) R R B 9.92, 24.8, 49.6, 99.2,
248 pe/mL, HEFEE, DAWEHIAL (Y) XF 5 vk i
(X) BEATERIEIIE, 2 fE, 45520 3R
169.92~248 pe/mLN SR PE SR BT

2) AR E

SR FH L 08 5 0 T2 000 o T 4 R o A 1) 0
00102 mLBT BRI 40K B A T HIDEAS (R
S FE: 10 kDa) ¥, 8 000 r/min Ly, &L
VOOR € 3 0 R T AR, SR E3 IR . L EP R
( Entrapment efficiency, EE) H/AZ (1) 7158

Cpu—C

EE=—%"" 2 100% (1)

K, e AR TEETIRNBTERRR W EE s o
SR A 2 v BT B 1 SR
1.2.6 PIZBREBAKERENEFERENE

BT R AN K BE R ARTE 25 °C P IUE 60K, PR H
AEREME. TR, 14K, 28K, 60K
WLIBORE S, TRERESRIAR . PDI, Zetal (7 AU 3R
SEPALPER, DISEM IR RATE2S CF RaElE
1.2.7 BIZERAKERENEIMIENERE

FHISCHk R, AR E B9 B i JEDPPH
5E T PIER AR N s (T B 25% (w/% ) ) 7K%
W (FA-PGS) FFERER 98 K BE SRR S5 PR TG
PE (CHIC bt 8 bR Ty, BUEsN, b b
TR Do 7E2.2 mLIC/K S EEFINA0.2 m LB Z1 R N —
7K AN B BRI K BETR (96, 120, 240, 480,
720 pg/mL) 2R G IR G S IMAL.6 mLAYDPPH
W (60 pg/mL ). FEZ IR T EEDGHCE 20 min, @i
517 nmAb W' FE 028 Ak A i BT 2R TR — /K %5
T N A B R 4 K B AR O DPPH B ph BV IR TR . %)
MR h & A FE A BRI (SN 2B (25%
(w/% ) ) /KIEW ) MIDPPHIEW . 25 VA 51
a5 BERAR (BN B (25% (w/% ) ) KIS ) A
3.8 mLIK O EE, HIATL (2) PEHDPPHAGHER R «

- 1287 .



HR5SNA

H A2 T b (PEL)

Ay
DPPHI B =M o 100% (2)

T

A, Ay 2 U IS 3 BRI, Ay
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1.2.8 PUZRERANKEZ A RIS K 1 RERT 5T

TRAING e 52560 % ] Franz 6 B4 8H, G 50 8%
HFR1.77 em?®, EZHWAARBUN10 mL. (LS BEE S
9 450 v/min, JREE32.5 °C. AT H @ HEREE
T W R e oA A B kbR R, IR
JRA TR Z R, R RRmTCHG, -20 C TR, 5
AT E IR, AR KB, BIIHKS em
MIET A BN RN S 2% (wi% ) B2
4001 PBSZE MR . HEL LA HIINAT mLF B R
BRI (FA-PGS ) FIPBRRR AN K EE A (FA-
ES). FPAZHIFIAR S AH0.1% (w/% ) HIBIBLIR ., 7F
WERNEE (1, 2, 4, 6, 8, 10, 24h) MNIEZW
HRE2 mLAEI, JFAR SR A R A BN T

SR JH Hz Dk 55 e 3 000 T B R 114 iz ok i B
24 hJm, MY a2k, HEA2% (w/% ) R
£ E-400 PBSZE MR TR BEAR B 25 o BT B2k
FHSI ISR/ N, 3 mLAY RS R, SRIRRAY
HF0.22 wmPUERR, UEWEH OB (15 R i AT
3T

2 GRS
2.1 FIZRERZNAKER Bk B E R pgnm A E L AL

2.1.1 WERZERWIETARER
}’féﬂ%Design Expert 1 3.0%% 4 H () Box—Behnken X fi]
BRR AN A T Jo A G 3 i 7 T I A T 03, 1Rk
PR,
R2 MRZESEEIR IR R
Tab.2  Design and results of Box-Behnken experiment

(N

JF5% 4 (s B (iERHEM C (nbm- Y (EEM)
NE&E /%) BRBE S /% ) 807 /% )
1 0.4 0.25 40.95
2 0.1 0.5 0.4 4521
3 0.1 0.5 0.1 37.15
4 0.1 0.6 0.25 45.44
5 0.5 0.6 0.1 71.95
6 0.5 0.4 0.4 71.59
7 0.5 0.5 0.25 84.95
8 0.5 0.5 0.25 85.52

%53 %
FES
P54 (OBE B (RERHER C (nhm- Y (EE/%)
JEE /%) RIS /%) 807 i7/% )

9 0.5 0.5 0.25 82.34
10 0.5 0.5 0.25 84.95
11 0.5 0.5 0.25 85.52
12 0.5 0.4 0.1 80.03
13 0.5 0.6 0.4 77.47
14 0.9 0.4 0.25 79.73
15 0.9 0.5 0.4 71.29
16 0.9 0.6 0.25 83.37
17 0.9 0.5 0.1 80.03

2.1.2 HESH

FHDesign Expert 13.05 %5 28540 #47 [n] 4 40
B, A5 B BT BHR 40 K B T A 1) 40 28 558 [ Uy R AR A
PUNE

Y=84.66+17.644+0.741 3B+0.118 8C-0.212 54B-3.064C+
3.49BC-20.134>-2.158°~7.24C" (3)

FHER3AIA, iz IR BAT A B 4% (P<0.001 ),
BRI 2R =0.990 4, 5 IEPesE AR ,=0.978 0,
VLA 5 BCS S A B R A W 5 R4 2R
AN, AR Ky TR ITA® S AR R 4 A AR L R
M 44k i (P<0.001 ), FRUIGR@EAR 7 ) B 2R £
B EICA R VI E R, L HITACHBCXF]
BIR K B AR B R A 52 B 2% (P<0.05), £
GRENG  f Ak 805 ot | M AR 198 R % £ At
T — 807 o AH LA FH BB 5 M o] 20 PR 400 K Pt o AR 0 R
B . MG AT, =P 38 285 e 4 I
A : A>B>C.

®3 QHEMFEM

Tab.3 Response surface analysis of variance of EE

PR prmomhE tr R P
Bk 463475 9 514.97 80.03  <0.000 1
A 248936 1 248936  386.87  <0.000 1
B 440 1 4.40 068 044
c 011 1 0.11 0.02 090
AB 018 1 0.18 0.03 087
AC 3752 1 37.52 583 005
BC 4872 1 48.72 757 003
A 170626 1 170626  265.17  <0.000 1
B 1952 1 19.52 3.03 0.13
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Fig. 1
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Z U ATR R a7 O] S e e N o I i T s L N
KBTI B 2R AR A R . 0.68% (wi% ) 1)
BRRERR . 0.51% (w/% ) FIRERIEERIRTS . 0.25% (w/% )
FnEE-80, FEUMLAAMET, HUlEE 2 H88.6%., N
R TR IN 25 R AT Sk, SR F R AR A A T
3YCIR I B UE , il £ T 75 B o 1A 4 B4R N 88.8% =+
2.6%, SHIE R A X R 2E80.3%, 5 25 SR A
i, FUABAIATEE,
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Response surface methodology of EE

2.2 PAERER 4K B LR Y SN T 35 A R A
e

WP 2ar 7, Bl SRR AN A e AR O o A LR
2t MR URESHE T W MBI T BB K B
FRBIRIIES . M E2bH BY¥ URB 5 L 1 B 4s
RATLLE Y, BB A K B AR iy A 235 R 2 LU )
BIE, 9KRBURI/INY ST, 295100 nm, J& TR 4
M, AR SRR AT A S R AR — B AP
V& U5 125 55 v 1 S BT PR A5 T LA IR, SR BRI WA

B2 MREBAKEREHRESHIIAES (a), REEHEE (b)

Fig.2 Particle size distribution ( a ) and Cryo—-TEM image ( b ) of ferulic acid nanoethosomes
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Fig.3 Particle size and PDI(a ) , entrapment efficiency ( b ) and

Zeta potential (¢ ) of nanoethosomes loaded with ferulic

acid of different time
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Fig.4 DPPH free radical scavenging capacity of FA-PGS and FA-

ES at various mass concentrations
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Fig.5 In vitro skin permeation and deposition of FA—PGS and FA-ES after 24 h of topical administration ( a, ferulic acid skin permeation;

b, ferulic acid content in the skin )
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