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Study on preparation and in vitro transdermal penetration of betulinic acid
ethosomes modified by sodium deoxycholate
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Abstract: Objective To prepare and optimize the prescription of betulinic acid (BA) ethosomes modified by sodium deoxycholate
(SDC) and then to investigate its transdermal penetration as carrier of BA. Methods The BA ethosomes modified by SDC were
prepared by the ethanol injection method. The encapsulation efficiency (EE) was considered as the evaluation index to optimize the
prescription of the ethosomes by orthogonal design, and the shape and particle size of the optimized ethosomes were analyzed. The in
vitro transdermal absorption of BA was evaluated using Franz diffusion cells. The accumulated permeation amounts and permeation
rate of liposomes, ethosomes, and BA ethosomes modified by SDC were compared. Results The best formulation consisted of
soybean lecithin-SDC-BC (18 1 1) and 35% ethanol. The average EE and the particle size were (93.8 + 1.6)% and (102.3 £ 3.6) nm,
respectively. The accumulated permeation amount of BA ethosomes modified by SDC in 12 h was (99.62 + 9.44) pg/cm?, which was
1.67, 3.85, and 8.33 times of ethosomes, liposomes, and satuated solution containing 10% isopropanol, respectively. Conclusion The
BA ethosomes, modified by SDC with high EE, obviously enhance the percutaneous absorption of BA and might be one of the most
perspective percutaneous preparations.
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(ethosomes) A& —FHT M &H—E &/ Ny 7 H
HARIBARNAIRG 253804k, FEH TR 452,
HARNE LA SR, ettt il
PP N IO, S SR SR A AR R A R,
WY EB B A Z, RIS b (i T e mT
LA 002 E IR UK A ey, (R 250 2 35 AR 2
Niu P58 IR T Hh i A I I ik vy 334 Mg
FRIZEE, AR YRR B L. R,
AW BA AR5, A T7 N 248 IR TR B
(sodium deoxycholate, SDC) il l—#f SDC &1l
JAA, FEIR I EAS BV LA AT 2 SDC A& i i 4 ik
77, TFEAT T BA-SDC 2 1HilF Fifk 5 BA Jig ik K&
W B TR RN BB LI, ) BA & 4h
2 RGNS i R AR AT T

1 #RFRES

BA (JE)$=98%, Fh&/NERIRI A R
TUEAT]D; KEIIBAG (LR 2EAT FR A FD;
HITEHREE (Sephadex G-50, JbuUHi ik fE MR &
JEHMATD; SDC (A AR PR A F)D;
S (E 2R R R A IR AR FEER )G
et al; AR A b4l

Agilent 1200 =GR AH (A (SE1H Agilent 24
A]Ds HI—3 HUR IR pibeds C N EE 28
BRATD; JY92—2D 8 75 40 AR A o &
PRI A IR A F]D; JEM—2100 &5 BE (H
AT AT]); RYJ—6B B Franz 37t ( Rk
IR ANAS ), RO 2.8 em®, Bl AR
6.5 mL); Zetasizer Nano—ZS90 7Y T IR W OB HIUH
FAR D EAL O Sy /R SCAF]D.

SEEhY o RN, MEME, AR 18~22
g, WAWHTAAER2ERE, VFATIES SCXK G
2008-0033
2 AR
2.1 BA-SDC f&IhEERIARIHI &

K B NVE 4 FREL BA 20 mg. SDC 20
mg ARG IR 360 mg, I\ 6 mL ZEEAl 2 584
Wifl o FPEEEE N, WIS DR AN 14
mL pH 7.4 [BEIRERZZ 0, QREEHEHE 10 min,
JETEVKAKIE AT PR A (200 W, TAE 10 s,
6K S s) 30 Ik, WARIFESAIR. 251, RIS
BA-SDC B AMiRE A
2.2 BA BRRIAR T BEE RIRR S &

BA I JeA S 3 1 5 R 2R ) Ll Nk

7%, FREUBA 20 mg IR IR AR 380 mg, 43730
NALTT & BT e R FRELRE S, B HER
B LR ZE A e NG Y pH 7.4 BE IR $h 22 i
i RAARUAS] 20 mL. 58 Ja ki, TRiAT
¥ OIS, I I SRR 10 min BI W] . SR )5
FEVKIKIB AT FHELE A (200 W, TAE10 s, A
5 s) 30 K, KA EIMFE AL &R, B
73 BA g A Bt e e S A

2.3 GHEFEHMNE

231 (A4 ik Hedera ODS-2 Cg £
(250 mm X 4.6 mm, 5um); FL K 40 C; KB
K4 207 nm; GLBIAH N L -3% B RES (70 & 30);
PRI EN 1.0 mL/min; SEFEE 10 L.

232 JiVESEHEE ORI R E E LR T
BA X S i 4 100 mL s, RS IR
BRZIE, 5, Rk h 126.00 pg/mL BA
8 3 RS S U A5 2 5 104 204 50 mL
% 100 mL s, MR ERERZIE, w5 %
“2.3.17 (iS4 EEERE, 0 RIETHIAN . DL BA UK
FERREARRR (X, WETRFME I AR (V), 22
HbREM 2, THEIIETTE Y=67.832 X+8.952 7
(n=3),r=0.999 6, Lt [ 4 2.52~63.00 pg/mL.
H [DRS %5 5 70 H YRS 25 B2 18 RSD B 2314 1.79% 11
1.30%, % ™. mBTEAAL (30.24. 37.80. 45.36
pg/mLOFE il R I 2R~ 25) 73 501 4 100.9%199.1%
102.3%, RSD 7354 1.87%- 1.92%- 1.75%.
233 ALEPRIE ORI SR A o p ikt
I A3 28 B 2% F 15 o A 1l i A4 VR B 0.5
mL, M EHil#& 41 Sephadex G-50 fult: i i it i
AN, #3000 r/min 4544 N 250 6 min, H 1 mL
IKVEME 2 IR, G IFIER, HTPEDER S 50 mL, i
0.22 pm THALIERENEE, HPLC A0, 14345 5140 3
250 (W o) o HURE SR BT A4 VR & 0.5 mL,
ANGEIRAT B, B T AR RS 2 A [R5 45, H 0.22
um THALUEREERE, HPLC R, 578 (R i
W Zg R R (W), WEAER (U FR=
Wea W, @RIEI1.

55 I Jo A o R FEAH [ (1) BA 59K 0.5 mL,
¥% iR 7751l Sephadex G-50 fbFEERT, WA IS,
FHHREEE 2 E 50 mL, i 0.22 pum FLIERLSERL,
HPLC A, iR 4 7. B BA %9 0.5 mL,
ANGYHT B9, T4 R A B 2 AH R A5 25 H 0.22
um FAFLIE A SERL, HPLC Kl ic SR mA ok 4w,
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F1 BHE NERSSHEHNESER (x+s5,n=3)
Table 1 Determination of polydispersity index of EE

and particle size (x5, n=3)

Ff ERIAE S om o ZMEIREL BEE /%

BA fIg ik 182.4+7.9 0.267+0.014 83.6+2.5

BA J5EEA 157.5+46.77  0.238+0.011 872423

BA-SDC &4 105245874 0.193+£0.009 92.7+2.0"
o A

5 BA IRFUAMLL: "P<0.01; 5 BA A FRAMILL: **P<0.01
"P<0.01 vs BA liposomes; **P<<0.01 vs BA ethosomes

VX ES BA BIWPRER [(Aw—A r)/ Awl,
SERA 99.6%, WX 2 BA 1R B fiE 1
U o I M1 BA R M8 B 5 14 ) SDC & 1fii
T SR R B 3 2R BB 40 o A 83.6% - 87.2%
92.7%. SDC Bl T4 L5 g oA . e i o 4 Lt
i, BEZEZEENMN (P<0.01),
24 RERZSHIEENE

L BA g PR sl piiAIS f, SR H SR SO0t
FSCSRPRL AR I 2 (S0 5 HAP g RiAe J 22y e s, 45
FWA 1. BA IRA. @B IAF SDC AR
FUARRF k50 98 182.4, 157.5. 105.2 nm.
BA-SDC BB FAA S e FAALL, P Bkt
FEN (P<<0.01), BEBREE B4 AL 5 im N SDC,
AR A de ), HALE e m .
25 BREZRIRAW

T 6 R SR 2R pH . (X))« K BRI
1 BA [ iE . (X)) BA F1 SDC Kl L (X3).
CIARRU L (XD BERERTTH] (Xs) 5 AN H IR 25 gk
AT, 53 2% SN I AR Cds e 1 s, 45 8
WA 20 25 T KIS b 28 v pHAELRH 35841 I R) %
BB RSN, [ s R SR 22 v pH {1
H 7.4, PEEERECRN 10 mine A IEAS RGBT
A 2 MR I H AR 3 AN
2.6 IERIAEIZIT

2 i) LR R 5%, PR SDC 15 M S A4 ) 4%
MK RZ: K BN EEIEFI BA TR (AD.
BA #1 SDC fiill (B). A% (C) X
Petsabr, B NGFELIRR, SRR 3 KF,
KM Lo(3Y) IEACRHATINGG:, X TR A Ak 5 REA T4
oo TRIZIKP SR 45 R WAR 3, Jr 22 irai R W
* 4.

MR 4 T5 220 W FemT 4, 45 BRI 320 I o 4k
BB IME ) A>B>C, Hfi#E A B

%2 FRAEENSHEPMOLRER
Table 2 Effects of different factors on EE

B X X X5 X4/% Xs/min HEER /%
1 68 18:1 1:1 30 5 87.1
2 74 18:1 1:1 30 5 90.4
3 76 18:1 1:1 30 5 88.8
4 74 18:1 1:1 30 10 93.2
5 74 18:1 1:1 30 15 92.0
6 74 20:1 1:1 30 10 88.6
7 74 15:1 1:1 30 10 71.1
8 74 18:1 1:2 30 10 77.6
9 74 18:1 2:1 30 10 93.3

10 74 18:1 1:2 35 10 81.2
11 74 18:1 1:2 40 10 88.9

£3 LG EXRERITEER
Table 3 Design and results of Ly(3*) orthogonal test

FF5 A B C/% D QX /%

1 2001(1) 1:2() 30(1) (D) 65.2

2 2001(1) 1:1(2) 3512 (@ 92.5

3 2001(1) 2:1(3) 4033 (3 81.4

4 8:1(2) 1:2(1) 352 3 81.9

5 18:1(2) 1:1(2) 403 (D 89.6

6 18:1(2) 2:1(33) 30(1) (2 93.7

7 15:13) 1:2(1) 403 (2 40.2

8 15:13) 1:1(2) 30(1) @3 70.6

9 15:13) 2:1(3) 3512 (@D 73.5

K, 239.1 1873 2295 2283

K, 265.2 2527 2479 2264

K 184.3 248.6 2112 2339

R 80.9 65.4 36.7 7.5

x4 HEDH
Table 4 Analysis of variance

TIZERIE EZEVIIM AmE F{E BEME
A 1136.562 2 112.131 P<0.01
B 894.629 2 88.263 P<0.05
C 224.482 2 22.147 P<0.05
D (%) 10.136 2

Fo05(2,2)=19.00 Fo0(2,2)=99.00

FREE N (P<0.01), N&E B. C HHEEY
W (P<0.05); ¥lAMEmErT TEZAEH0
AsB.Cy, RUKGONGENEE BA sl 1811,

BA 5 SDC ittt 11, ZEARRIECh 35%. 4%
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Ak 5 4 75 3% 3 ik BA-SDC &4 FiiA, 2 3
SPRRAR AR, SRR 5. PifabTr e &
1) BA-SDC EMilE A 3R42 4 (102.343.6)

nm, EFEN (93.8+1.6) %. ZiREW, ZAT7
BTk, EIEL.

x5 WIEHER

Table 5 Results of verification

it PR /om ZHUREL OHE /%

1 105.6 0.195 94.5
2 102.9 0.186 91.9
3 98.5 0.189 94.9
S 102.3 0.190 93.8

2.7 FEEUE

W H AL 5 ) i % (R R T A Vi e A0 Vi T
A AR L, D AC B L 2 2 4 TiAA,
TG, LU RS MBS, 4RILKE 1.
HHE 1 A%, BA-SDC EMIREAS NI 2 ERTE,
R TN A —

1 BA-SDC f&1hEZ IR 5R R I
Fig. 1 Electron micrograph of ethosomes modified
by BA-SDC

2.8 {RINBRIRIEM

AR S A ) R B B /N B, M 1 v
WhIY, MEETE. BN, N LBR B b
MHRE R NAHSURITINE, JHOCE LS R 5 Tk A
TR e 8k . FZAEBE KT R 4 . %
JRIE TR wotrh, A5z AR, B
T B 43 BUE 1 mL BA-SDC S AMBE A4
BA Il REFA. BA JIEAALL K BA 10% 7 N £
MW 259 BA B30 1 mg) IMAfEgl,
fislt K2 JER A B2 o DA 10% 57 PN B /K B R S B A i
37 CKBRE, LA 400 v/min SEEHHE; 05T
1. 2. 3. 4. 6. 8. 10, 12h EWEFE 1 mL (RN
hFE 37 CHRR IS RS D « FOR A2

T, HHEERSE 1 mL £ 0.22 pm HALIEIIE,
i “2.3.17 DA AFSERERI I E B PRI
HHERINEER (0, ZHRIE 2.

n-l1

0=V + Y pV) 4
i=1

P AN FEIHRE SN BRI BA JREWRIE (pg/mL), p;
S BURE AR EORE D BA IR (ug/mL), V i
HF (mL), V; AERREBERATRR (mL), 4 AE WP Hm
(ecm?)

1207 —— BA-SDC & 1ili i i
—— BA Tl B4

—— BA 5k
= BA 10% 5 N FEHLRT

(e}
S

5
(=}

BRBE R / (ugem )

=]

2 BA EAREZHAFTHEMBSEEMRLE n=3)
Fig.2 Accumulated permeation amount curves

of BA from different carriers (n =3)

SRR, BATEAFZEAT 12 h FilBiEE
KNI Y BA-SDC 541 1% 5t {4 >BA
MEEEE AR >BA IR >BA 10% 57 4 B R
. Forh BA-SDC EAMlE F ik 12 h [ BB IE RN
(99.62+9.44) pg/em’®, 4} 5E BA Ml E A, BA
NEJARFN BA 10% 7 N BEL R 1.67. 3.85 Fi
8.33 fi%, HZERHAAGSIAE N (P<0.01).

29 PREMER

Hid f BA-SDC &Ml 4% B T-HETE
SET 4. 25 CHAFNORAE, 70T 0. 1. 203
A H RS AR . 45 4 CH LR 53
H91.9%. 91.2%. 90.6%. 90.1%, 25 °CIf¥) {5t
B K 91.9% . 90.7%. 90.3%. 89.6%. FJ 4
BA-SDC EAMRE A Fe e P R 4 o
3 e

KT R, 55 N5 PO RN 8 A AL L,
BA-SDC & lE A B AT /N R A% Y0 [ R s )
R D AT IEAS I E SDC A8 i i &
AL Ts s IR CEEARAR o B R AR T 259 1)
ik, OGRS ESE I, AlRB . A
1 L REARR B 35%0), Al R S B, AT
REAT #1573 e N Vs i o

IRANE RSB, T BA AETK, ik
PA G MUK A Bl 2 S ZER IR RIRES, %
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FE 21 OGS SRR IR LA e SE AT IR0 25 M AE A
WIREE A, PR IE R 10% 57 N ERE E
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TS IR BRI LE, T LB I A1
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AR S AR, DA B 5 7 B KR R N B
JRIRHR L AIRIR, (Rt i st Akt
FURIL BA TERE FUA RS 12 h BibBidE i m T HR
JRAk, e MR YIE B, XS B &
VR 0, AR S 2 (R I TR 1 B S A PR REA B /)
JE A M B R AE P % . H BA 5 SDC &Ml i 4 5
i FBNBIE R BIEHCR Y T A A,
JEPITTREA LU 2 A5t : t1 T SDC [RAFAEAE ST
S5 R BE AR AR, 1 L3 2) 5 SDC A iZE B
WA R, AEZRVERR B N, R LR g Ak
MIARTCRE ST, AERE AR R, Rl 3 i o A )
VERES), AR TR BA [F3E B

S Ik
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