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7 E: B WAREABFERRE R RRER S T2, JFERELHFIMERARINE K. 755E MTT &L
R SRR I ECAIL LL ] SR A NV 4 T A Tk T R B BRER B AR, 7E PR IR 3R SEae 4 R Beal £, A Box-Behnken
B RAAL Ty, JERTHRLAR . B, WAL, W RS RSN AT A AT IR 5T . R e R 1) Franz 3 SO0 2E AT B 514 11
ANBE . R FE AR R SRR MEAR LGN 10100, BRI TT N Z BRI EON 20%, B R B4
N 2.2%, EAERE 90 s, & H I ARSI BRI, MAEOIE, PHREN (46.75£239) nm, Zeta HALA
(46.321+3.76) mV, @R (67.72£1.10) %. BEFUEPBIEER. 75 A8 T = KIEINE RAT ARG Higuchi 772, 4
W BRI S5, e REF, A RIFIEERBCRE, IO A B0 (1R HIE B IR R AR — 2 fdfE .
KR HABH R FIFLER; BERR; Box-Behnken Wit 4% R ; Higuchi 772
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Preparation and evaluation of triptolide and ferulic acid ethosomes

HE Liang-fei, TAO Ling, GUAN Yong-mei, CHEN Li-hua, ZHU Wei-feng, JIN Chen, WU Lu
Key Laboratory of Modern Preparation of TCM, Ministry of Education, Jiangxi University of Traditional Chinese Medicine,
Nanchang 330004, China

Abstract: Objective In order to optimize the preparation technology of triptolide and ferulic acid ethosomes and evaluate its
characteristics of the in vitro transdermal penetration and the preparations performance using ethosome as carrier. Methods The
compatibility ratio between triptolide and ferulic acid was determined by MTT. The triptolide and ferulic acid ethosomes were prepared
with injection method based on the results of single factor experiments, Box-Behnken design was used to optimize the particle size,
electric potential, and encapsulation efficiency (EE) of the ethosomes, and the in vitro release behavior prepared by the optimal
formulation were studied. The in vitro transdermal absorption experiment was carried out in optimized Franz diffusion cells. Results
The ratio of triptolide to ferulic acid was 1  100. The optimized prescription of the ethosomes was 20% ethanol, 2.2% phospholipid,
90 s ultrasonic time. The results showed that the appearance of the triptolide and ferulic acid ethosomes was clear liquid with blue
opalescence in an average diameter of (46.75 = 2.39) nm at potential of (—46.32 + 3.76) mV, and the EE was (67.72 + 1.10)%. The in
vitro transdermal behaviors of ferulic acid and triptolide in the ethosomes were in line with the Higuchi equation. Conclusion The
ethosomes has the advantages of small particle size, uniform distribution, good stability, and good transdermal absorption property, so
as to provide the basis for the development of the transdermal preparation of the effective components of Tripterygium wilfordii.

Key words: triptolide; ferulic acid; ethosomes; Box-Behnken design; transdermal absorption; Higuchi equation
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A5, AL RS AR B 2 CRFEKIEPE. IR
WL PR REAZRS P, HiEHGA
G BIRMELG RPAEEAN F R
BBk BB AT AT 40 P A a3 2 2 TS
B, HHAES R 2 RE R S I 2. AR A
AR R I, N B L B A PR T SRR
KATRBR, HARRMNUFERE. B3 &
AEFAFEND, SCRRIARIHE R TP 5 R 8R FR Bic
AT REPRACIL It . ARSI & SisE e TP F 8l
FREE A, VLR TP HIEEME IR RIER T 2%, LA
TR e 25 2 R AT IR S5 AR
1 {UEEHH
1.1 8

B NG ER A (MDCK 40f), HEAE
BedufE: fad-iiE (FBS). 0.25% EDTA-f#EE
i, Gibco ~l; Hazm-Hifz. L8 HBSS.
DMSO. MTT, Solarbio A#]; Fiffi%! DMEM k3%
%, Hyclone A+]; JEUFAIER, Sigma AF]; K
ZUPBEE (LipoidS100), fE[E Lipoid AF]; FEEER
SIS, R H>98%, WA IEEAMEARE
BRAF], fit5 1511035 TP Xt R, &2 $0=98%,
VU148 4 v &3 R A IR A R, fitS 1408135 0K
BEPR, PHBRRL = B IR A, 5 160517; HEEL,
CfE, itkal, EE Tedia Awl; W, PUEEEFE
B GRAR, #5 161217,
1.2 {4&5

Forma3111 & bikIEF756, EE Thermo 2
Al; SW-CJ-2F WA TAES, 75 HE &
HIRA#]; TS100F, HA Nikon 2v#]; QYC-Z00
THIRPEIR, RIS & AR AR 96 FLA4HA
Ri78MR, £E Coming A F]; T-25 IR, %

Corning A F); ZHAETHEES, BIEZRAEMACE
J75 1000, 200, 50 pL A% 1 3¢, Thermo 2
A Agilent1260 B & R0 (A, 36 [ 22 HE R R
FARATF; Malvern Nano-S g KR, HED
IRILA T s SIGMA3-18K it v vk B 0oL, i [
SIGMA A %]; Nanosep” 10 kDa B0 g, %3
B EA R A ; TT-6D Franz § 8k, REEERH
FARAF; 4500 B =& PULAF FSERH, KE
AB SCIEX A#] .
2 FESH#R
2.1 TP FIEREREC(REL BIROFRZE

MDCK 4 /2 — % T 25 5 2 1wt 5 (1)
A, RO MDCK 4, BL 3 X 10%mL (1
R 96 FLMR, AL 100 pL, 24 h jEFER;
R, FTCASEEM HBSS ¥eid, SEFLINAE: F- S
il () — & L] TP-Fif 32 100 uL, TP &4 8 M
WEE, 41000 ng/mL fi5 LLAGRFE S 7.812 5 ng/mL,
A RERERE 6 NMEIL, [R5 E BT R
KA. dNfALEE 24 h JFAEFLINA 20 uL MTT,
B CO, B3Rtk E 4 h 5 #% FISW I 150
uL DMSO g iE 5 sl dn, PRIKEFRE 10 min )5,
TEREARAY LA 490 nm B WGP Aggo o F2 A
PN R, IR R =(A e —A we)(A we—
A wr), BAFRBCEE S MDCK 20 IAETE R (fE
ERT 90%, BRI AR GRNE 1, 46l
PR FH IG5 5, W TP 55 B 2R R I fc (1 L 451
11100,
22 EERAARYHIE

EUAL 7 B ORREAG . TP BUBERR M 2B T Pa Ak
i, A, 35 CAEH MR KM% E T4
e, BT HIPEEES L, E N 700 r/min, &

Fz1 TREECARELEIT MDCK 4HAERY 775G S
Table 1 Survival rate of MDCK cells in different compatibility proportion

AMLAFE 5%

TP 5[5

. 1 000 500 250 125 62.5 31.25 15.625 7.8125

Lo 1 1 -1 -1 -1 -1 -1 -1

ng-mL ng'mL ng-mL ng-mL ng'mL ng-mL ng-mL ng'mL

1:0 8.93 3.74 14.21 37.46 49.83 63.49 78.37 85.14
0:1 38.36 84.00 91.22 92.30 93.85 100.38 98.45 98.78
1:50 14.06 20.84 41.16 63.42 71.28 85.63 87.88 86.83
1:100 7.05 9.70 17.12 27.16 39.32 69.07 92.58 90.15
1:200 15.94 2548 43.94 65.32 78.27 97.62 100.40 99.25
11000 12.02 5.31 34.10 57.40 75.50 105.53 109.89 104.91
1:2000 13.85 71.87 84.07 91.17 91.14 95.01 98.23 97.70
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FEWEAN 35 C. K OEEmEIMAE WU S
FENFBKA, EREZESEMA, WATELEE
FHUGTHE, 4k82K 4 30 min J5UkigEL R A, 2
0.22 um WALIERE, BI1S, 4 CUENEFHIRAT
2.3 HPLC EBERAPIBRIZS S
231 kKM AIEHCAFED ] Cs Bl (250
mmX4.6 mm, 5 pm); BN HEE-1%0KES R K
TR (45 0 55); AR E 1 mL/min; A3 K 321
nm; FEIR 35 C; HEFEE S uL, FEEER AUAH X R BE
BHEA 6.8 ming FRGESRHCR I BL R THE MK T
10 000,
2.3.2  FAIBRERNTHE VA . BERR AR ALR AT, B
T T2 A VYR P L 1

UK HEL VA« A 2 PR BT R R 0 REL A 4.5 mg
BT 10mL =i, HEEGEWES, BRERE
4 450 pg/mL PRI ER R 0T HE i REAR o

(2) BERSIEW: FEEIEERA 0.5 mL T
25 mL S, D& E RS 10 min {F IR
S Ja AW EEE 2, RIS AER ST

(3) BB : W B K 0.5 mL
T 25 mL EA, hli& & FEEE S 10 min J5 H FEE
SEAY, HPAS 7S ARV -
233 iEEER BRGETRE. GEXR.
R SRR AR M. FEIL Bl 5 T v
LIRMEH AL IWE 1, R IR AR A HAb R o T
BT BRI I 5 TG T - FIBERRAE 0.18~90 pg/mL 5
HIEMA R RIFMEHE LR, HEIHGEN Y=
17.668 X+5.009 5, »=0.9999, f&. F. & 3 i
BIRAE (1.8, 45, 90 pg/mL) fY H RS FE ) RSD

A
‘f\mmﬁz
B \\
|
R 2R R
C
0 5 10 15
t/min

1 =EERE A). BRE B) MARIKRTRR (O
#J HPLC

Fig. 1 HPLC chromatograms of blank ethosomes (A),
ethosomes (B), and ferulic acid reference substance (C)

K 1.15%, HIEHGEEER RSD 5K 1.73%, 3/)
T 3%, RUMCTTERGE R RAF, A RS E 55 )
N 94.13%. 98.09%. 97.92%, 6 U PAT R IR
S EIE WA RSD N 1.49%, 24 h A& &l 5E 1§
A RSD 4 1.86%.
2.4 SFRMPRNEFHEIEE
2.4.1 RABOEIEENEREAR AR B0E
BRI H K. P B EIRE (2. 104 20
ug/mL) [IFE Sy, HPLC Wl FHgma, 558 0.5
mL B T Nanosep® 10 kDa 25085 i, 8 000
t/min &0 20 min, HPLC 52 JE R AU AR, 2k
W 3, THEFLEER 308 (103.07+1.49) %.
(101.524£0.99) %. (102.10+1.10) %, i0H i
VBTN B 25 B BRI TR B, T T A R
DE

R B 0.5 mL BB AARE B E T Nanosep”
10 kDa B§.Co B8 b, 7£mnE AR 0L (8 000
t/min, 4 ‘C) B.0 20 min 5, H 10 pL _B3EW, T
I mL S FEEES, 85, & 0.22 um JEE)E
HHAT HPLC MIE B AR (Cwdo FEAIMEE
100 pL B FARFE ST 10 mL &4, n—
ERPEEHEA 10 min [FHBATR2E, HPREE
7%, WAEH 0.22 pm JEEJES, @47 HPLC U@
RAPIRIE (Cw), THEAHE (GEHE=1—Cw
C ), “FATIE 3K, BUPIME.
2.4.2 RAGORR AR RE AR R
VBRI o A 1) % P AR 7] BB K - B VG 0.22 pm
FERE I SLUEIR, BT AR AR AR I A0 23 AT e S A 1
S L RIEET, XNIMRERR R BOEAT R 5, KIN
Pk 50 150, RLAR AN 5] WG BESL 503k 8
FARR RO FE AR RE 50 7%, ~FATIE 3 Ik, FTHL
(e~
2.5 TP MEREERAHI RN EERER

DAL AR AR TR bR, a2, #iE
R ORI EL BRI . KA R
FEL KA. AR, AR AT R R %
%, EREIR, BEERES S BAR R, LEk
MU B L R R L 5, A& 28 &
Wi KR, el i EEE A 700
t/min. KEIREN 35 C. KEHHA] 30 min, #H
DI 200 W, TEAMERHER 0.003%, BIZEERR 0.3%.
2.6 Box-Behnken SEMfALEZ R iRAL 5

K H Box-Behnken %11, 7E LI 25 SLI0 45 11
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FEAth b3k PR AR M R R R 1 3 AR R,
B B 8 (XD OB R (X
A (X)), DVEER (Y. FifE (V) NI
fabr, @A, fifuabdr. REEIHER 2. 1
p ki, QIFBREKR, WAZRED, )
LB ZAE, e RRAR I

2.6.1 MG MRIESDIRRN FRRER, H
XH Design-Expert 8.0 31T —IkK#UA, 152140 &
AR Y=70.77—20.01 X,+3.75 X,+4.69 X3+
2.74 XX, —2.44 X, X;—2.31 XoX;—19.37 X, —10.61
X2 —10.72 X2 (F=0.961 1), i FEAT LB,
TE PTG U & R 2 AP Ya B P, 0 Il A £ 3 26 1
SN X\ >X> X, AR & R R AATEAS HAEH
2.6.2 JFEMBEMELE HFE YA N09611,
72T AR Y KAV IR ) P BN 0.004 5, %

N, BEXEER AR L, HARIER
SERB (Ryg™) N 09112, MR R {8 1254k
A 9L1R2%KIET A&, LI RER/N, AR
F IR % PR 2R S e AR () OG &R, WOmT DAERf 43T
MM EE R, BEMEAR A, AR —RIH
X, (BRI ED REE (P<0.000 1D, X% X7
XP B/NF 001, BECNEE.
2.6.3 ANV EAAFITI AR Rk W T R
AR, Bl 1 MERZRAKE, BIERNH O S
1, 2 Y S5HAh 2 ANFZR A = gE k08 il i B 55
AR, TN TP Rel SRR T R B AL T T L,
Bl 2 s
2.7 AT ZWIERE

MR Box-Behnken &M ARG LT 2551, 13
FIRAL G AL TN X, =16.54, X,=2.13, X;=88.31.

% 2 Box-Behnken i&itERNHNIE (n=3)
Table 2 Box-Behnken design table and effect values (n = 3)

R X1/% Xo/% Xi/s Y1/% ,nm | 35 X1/% Xo/% Xi/s Y1/% Y,/nm
1 200) 2(0) 60(0) 7000  57.54 10 301) 1(1) 600) 735 6671
2 10(-1) 1(1) 60(0) 5724 9253 1 200)  20) 60(0) 7232 6257
3 200)  1(-1) 0(1) 41.62 19480 12 200)  3(1) 0(-1) 4426 116.13
4 200) 1(-1) 120(1) 5926  69.24 13 30(1)  2(0) 0(-1) 2241 11620
5 2000  2(0) 60(0) 6800  58.00 14 200) 2(0) 60(0) 7153 6424
6 10(-1) 3(1) 60(0) 6874 9091 15 10(-1) 2(@) 120(1) 6383 6529
7 30(1)  3(1)  60(0) 2983 6030 16 30() 2(0) 120(1) 2330  60.00
8 10(-1) 2@0)  0(1) 5319 21473 17 20000 2(0) 60(0) 7200 6582
9 2000  3(1) 120(1) 5263  57.05

Yi/%

2 WNELSE X X5 X33 BERN=4iEERnES%E

Fig. 2 Three dimensional surface plots of effect value ¥; and three factors X;, X;, and X; and contour plots
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2 8 B T SR A 1 38 S RSOOSR, W B R AR 4y
N 20%~50%, Kifti RKAEY 100 nm, FEFLE
SR X1 =20%, X,=2.23%, X;=88.99s, H%JESL
PRIBVERI TS E S, A7 &N CEAAR 5
0 20%, BENRITE T HON 2.2%, HERAEE 90 s,
B AL T 4 % 3 U AR, WE R, ki
2, F IR 5 SSE AT BB, THE = 2 [
76 = (TRINME — SCBRE )/ TRINME ], &5k 3, TRl
185 S R ZE 5N, E B I A ST P B B R
DIPEELLT
®3 TUMESSSAMEMELE

Table 3 Comparison between predicted and measured values

Ei=8 AL /% $i1E/mm
FHEmE 70.22 4728
SEPUAE 67.72+1.10 46.75+2.39
TRZE/% 3.56 1.13

13 B e LB AR £ 7 2200 FRELAL Ty = O i
i 2.2%. B ABEH K 0.003%- FIEEER 0.3%, A
20% LI T PEMOE IS AR AR IEAR, KK AR S 4 T g
MO, SR S PEMI S Bz, BT
FidEge (35 °C, 700 r/min), 2215 HKEEEAR AN
AKARFR, SRINTE 4 a4k 8K A 30 min, kS
(200 W, 90s), AW EHE, AEH 0.22 um flfL
JENEYERL, MEEFR, il T4 CIRAT.
2.8 TP PEREQRES B RE1TEMN
2.8.1 SRULVEAY TP B ZRRREE IS4 P8 TE A, Tk
AWHEEIOL WE 3.

3 EERAINR

Fig. 3 Appearance diagram of ethosomes
2.82 JEAME f TP BTEERREE AN G &%
TR FNGETEHEES T M B 258 (SEM) T
WMEL, A S MBERIRIER LG, W 4.
2.83 RS HAL T PRSI ERRAEH 20% CBE
W5E 3 ANANF R AR B kA 5 AL, T
KRGS 022 pm BFIZEPEWR, MikEid B A5 EUS 70
YIE, ¥R (46.75+2.39) nm, Zeta BN
(—46.324+3.76) mV, EARZERILAE S,

4 BEERifk SEM
Fig. 4 SEM diagram of ethosomes

AN

1 10 100 1 000
HifE/mm
-200 -100 0 100

Zeta HLA7/mV

5 ERRANIRS Zeta BIUST
Fig. 5 Particle size and Zeta potential distribution of

ethosomes

2.84 BIRFMFE KRS LM &R R
3 4k, WA EHAEEE, Tk 4 CRAE1E
&, B RAaEZRE, HitEALXNBER=H%E
045 0 3 2 — s S4B 28 )/ % i )
BREER, BEZRAN 3.111£1.07) %NT 5%,
W BF AR R

3 TP FAEREGES B4R SME R IR U

3.1 HPLC NEEF WKL S S

3.1 taEFMA FERT Cp ik A (250 mm X 4.6
mm, 5 pum); FisIAH A CIE-1%IKESER /KSR (14
86); AR 1.0 mL/min; R IIYEK 321 nm;
B 25 C; AR 20 pL; POERER ORI RIZ N
25.00 min, BLAR ISR LLRTERER 11 B AMIK T 10 000,
3.2 JiiEEEE WO B R A B
A3 F7 (AR VAR A R AR R A
FHRINIET R MR R IEE R
FaEME. FEM A A N7k B 5 A R K
6, 2 BRSO HH A R 23 ot BT R R 1A 5 e T3
R BERRTE 0.16~39.44 pg/mL 5HIEHA 4 2 BIT
MR R, HENEHFEN Y=80.882 X+0.243 3,
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B TP RINAR. FEMEBOINA bR, BT T w1k
PREBONL . 2RIk AR MEE L HETR R . AR g .
A BIEIESRILE 7, RHRIORH AR TP
O E T4, TP 7E 1.23~1 230.77 ng/mL & R4
etk &, HEIHIREN Y=0.007 53 X40.027 4
(r=0.997 7D, FFEERERE (49231 ng/mL) 1]
FIsim FEEEIUR, R FP R, BT 3 IR,
PR L S (1) H b, R WNES TSR B RN, HL
B 53 SIHL 10 50, 100 ng/mL [y MRS
AL B R TR DU, 45 H N TRDRS 2 R 2 fE
BNT 5%, HEFEEIS /N T 12.34%, URihAsE T
FIARRE TR KIIFREVER) RSD ¥/h T 7%, 3R]
FE AR E M R AT
c *4 TP MELHRAER MRM 2%
Table 4 Multiple polyion reaction monitoring parameters
of TP and wilforlide A
| \ BEBIT  RBERE RifiRE  RONET
0 > 10 t/lnslin 20 25 30 R (m/z) (DP)V  (CE)/eV (mlz)
6 FIMBAMESIATE (A BREERKKRAE B) E N otz 10 ¥ 120
2 EEAERERHARBER (O 1 HPLC BARART 4724 60 25 112
Fig. 6 HPLC chromatograms of ferulic acid reference
substance (A), ethosomes percutaneous trial solution (B),
and blank ethosomes percutaneous trial solution (C) A
r=0.9999, 1. . 3 MRERE (3.94, 7.89.
15.78 pg/mL) [H PFEER) RSD 5K 0.22%, H
[APRE S 2 ¥ RSD Bk 0.35%, 359/8NF 3%, Ry
TR P R IRE IR 725008 (101.90£0.20) %,
24 h N B EIETHTAR RSD 24 0.11%.
32 LC-MS/MS MEBRET TP &8 ?
3.2 il SRR
(1) % AF: Ultimate XB-Cys B35 4E (150
mmX3.0 mm, 3 pm); VNN LIE-0.1%H IR
10 mmol/L ZFREEM (65 : 35); BEFFE 20 uL; A R P T
AR E 0.7 mL/min; FEiR 40 C. c
(2) Jiikscft: KA HmEZ & 7 (ESTD,
BRI N 600 C, IEB TR, IS (BT ; - y - .

TEHLE)S 500 V, CUR ('S 7iiA)262.01 kPa(38 psi),
GS1 (B{%E <) 379.23 kPa (55 psi), GS2 CHEEhN
IR 344.75 kPa (50 psi), A2 NZ v ]
(multiple reaction monitor, MRM), ftftJ5 TP F1}N
b CREAFENBEF) 11 MRM L3 4.

322 JiEFEER WA AR, A EROR

t/min

7 EEEEE (A ZEEEGR+ TP MR&EMALR (B)
Rifa+AtRE (C) B MRM &i&[E

Fig. 7 MRM chromatogram of blank receptor fluid (A),
blank receptor fluid + TP reference substance + internal

standard (B), and sample + internal standard (C)
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33 FIMNERIAR

330 BA/NRIEERIES AR E O
%, BMEML I ACSE IS B NI R R, AN O R IR
KRR, AR KGR, RS A B
F=20 CUKHFAGFERAE, %

332 BEFURARANE W BRI IR B
KRR, BESRARYR, AER KR E e, BYRE Y
KN, P T 2R S5 1) Franz 3 #0b K4 5
b, ERZEmrmiEcth, FEAN 20% A i
KEWCHE B ZBChH, HERBVCR+H <, T
(37.0+0.2) C 150 r/min {E¥FA/KHE, 5 30 min
Jo . B 100 pL THEgg, ®AFAT 6 s

AT 050 1. 24 4. 64 8. 10, 12, 24 h Wk
W BORE 1 mL, R 78 [ B2 [ R 2 1 42
WSO HE R et R S0 o B P R U e
OHL (10 000 r/min, 4 C) E5» 10 min, HL iE
7100 pL 34T HPLC M58 FEWOR BT 2R IR 1 75 &
S B0 (18 000 r/min, 4 ‘C) 20 min, HX 80 pL
f) 3B 0N 50 pl B 500 ng/mL 75 2 B P i F AR N
PR, WRJE S min V4], BT LC-MS/MS & #21%
W TP KIS &

333 FEHWEE SRR HRE, A
IKGEE B RR T2, HIEARRT, 8 T4
AT 5 mL B0 PR . N 2 mL T, TR iE
5 min, #7&E 30 min, 2> (10000 r/min, 4 C)
20 min, H_EiE# 80 uL M 20 pL #B 4l /KR,
K HPLC & P 28 B2 1) Jod & 0 400 4k 42 550
(18 000 r/min, 4 ‘C) 20 min, H{ 80 pL [¥) ki
TN 50 pL 5 500 ng/mL 75 2 i N S B VE N AR
W HE 5 min J&2), #E47 LC-MS/MS I 5 2 US0i H
TP i E s E . S5 REBEYIBTELER . TP 1Y B kv
B B4 9 (12.1540.22) pg/em? #1(0.10£0.01)
pg/cm?.

334 ZRUEEE (Q) HE
1 0, FTH LA R AT

pik7/E N ACTE

n-1
0,=(CV+ ) G4
i=l1

O, FER n AN E] R AL AR RAE S 8, 4 oA R0d e
AR, C, FREE n A ARV BRI, v ot i
LV NI AAR
CAZIIIT Opg XYEUFERT[R] (o) AEHEZR, FxT
L I BELAER o AT AANERNE, SR E LR
NGB RGEFE (J) o G REBYIBEIR S TP (1 04
A (165.856 3+26.128 7) ug/cm2 1 (806.276 8+
81.873 7) ng/em®, W3 5 MK 8. HPMHkINE
BB I (AR A AU 5 T FR A5 & Higuchi J71E, 455%
W 6. BIENIFZHNET.
*5 WREERTRER TP 4 0, (1=6)
Table 5 @, of ferulic acid and TP in ethosomes (n = 6)
th BB O,/(ug-em )
0.5 3.8888+0.3127
1.0 17.3947%0.8355
20  54.6358+7.847 1
40  79.548 8+2.8349
6.0  95.39521£9.509 1
8.0 142.66831+22.2883
10.0 152.7369£25.0722
12.0 157.949 7125234 1
240 165.85631%26.1287

TP Q,/(ng-cm ?)
47286 5+1.651 2
140.587 0+18.298 9
253.4378+35.5137
447.129 7146.129 7
586.363 21+82.642 0
642.438 91+83.857 3
692.038 91+85.032 8
733.487 6+86.669 1
806.276 8 =81.873 7

150 1

—
~ 1004
I
g
S —
on
=
S50
—— [ F R
—a—FABETE (X107
0 T T T T 1
0 5 10 15 20 25

t/h

8 EERIFHMIERERS TP H) Q, (n=6)
Fig. 8 0, of ferulic acid and TP in ethosomes (n = 6)

®6 ERAPIIRERS TP BAIMNER B-FEIREIE 2

Table 6 Model fitting equation of time-in vitro transdermal volume of ferulic acid and triptolide in ethosomes

_— Bﬂé)ﬁ@a ‘ TP
BRI & 7 72 r2 BOHAUE 7 F8 "
FRTTHE 0=15.468 t+8.433 6 0.961 4 0=67.873 t+95.896 0.929 1
—HITE 120=0.132 4 t+1.087 9 0.696 1 1g0=0.101 2 t+2.014 9 0.732 1
Higuchi 77 1% 0=60.917 1"?—39.981 0.980 3 0=272.82 {?—127.23 0.986 9
Hixson-Crowell J5 % 0"=1.42831+1.147 1 0.919 6 0"%=0.491 8 ++4.734 8 0.819 0
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Table 7 Osmotic kinetic parameters of ferulic acid and TP in ethosomes
JR5Y O-1 it ” Ox/(ngrem ) JJ(ugrem >h ™ OJ(ngem )
R B0 1R 0=15.468 t18.433 6 0.96 165.856 3+26.128 7 15.47 12.15+0.22
TP 0=0.067 9 t+0.095 9 0.93 0.806 3+0.081 9 0.07 0.10£0.01
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