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Determination of percutaneous absorption characteristics of Panax notoginseng
saponins transfersomes by in vitro skin permeation method

FANG Rong, ZHENG Hang-sheng, CHEN Si-si
Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract: Objective To establish the key conditions for the determination of percutaneous absorption of Panax notoginseng saponins
(PNS) in transfersomes (TFS) by in vitro skin permeation method and clarify its percutaneous absorption characteristics. Methods
The film hydration-dispersion method was used to prepare PNS TFS and liposomes (LPS). Their physico-chemical properties were
characterized. The drug content and sample volume of PNS TFS for in vitro skin permeation experiments were screened. The effects of
vesicle type (TFS or LPS), size of the TFS, and formulation amount of sodium deoxycholate (DOC) on percutaneous permeation of
PNS were investigated. Results The TFS and LPS were mainly unilamellar vesicles with roundish shape and size of (121.2 + 4.5) and
(113.9 + 2.9) nm, without gathering property. According to the cumulative permeated quantity (Q,) and steady-state percutaneous
permeation rate (J) of the assayed ingredients, the appropriate PNS content in the TFS was 500 mg and sample volume was 0.5 mL.
Compared with those of the LPS, the O, values of each assayed component (ginseng saponin Rg;, ginseng saponin Rb,, ginseng
saponin Re, PNS R;) in PNS of the TFS were high, and the J values of the assayed components in TFS were about 2—3 times of those
in the LPS. The O, and J values of the assayed components in the TFS with an average size of 120 nm were obviously higher than those
of the assayed components in the TFS with an average size of 250 nm. The O, and J values of the assayed components in PNS TFS with
large amount of DOC were prominently higher than those containing small amount of DOC, and the increase ratios of different assayed
components were different. Conclusion /n vitro skin permeation method is suitable for the determination of percutaneous absorption
of PNS in TFS. The TFS promote drug percutaneous permeation stronger than the LPS and the promotion increases with an appropriate

increase of the amount of DOC and decrease of vesicle size of the TFS.
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=R 2H (Panax notoginseng saponins, PNS)
& M= Panax notoginseng (Burk.) F. H. Chen [#] T
PR TP R E I 2 G AL, e A S 2 Rey
(Rg)+ ASEH Rb; (Rb). ASE1F Re (Re)
M=-E2F R, (R} & PNS M EEIEEy. 4
IR I PNS )32 Fl T8 W00 B s,
T AR ThBE A B AR H R
RN ] L AEWFIR) PNS IR 2 o D IRZS 2507,
1R EE 24 ) 70 w0893 e 87 1) 25 4k BEAT AT ARAIG,
T 12 2400 (40 K0 43 38 NIEE (1993 L 040 R, o A
PR R, R, PNS HIFIGT SR ekt
(R I BR S J g 255008 . SR, =Bk
By K R AU, 20 B ROfOH e — R
JIN, R HG S A P ) 0 28 S MR AT R AN A B A
B HAT T VR R 2

AL (transfersomes, TFS) F A K H 224>,
R HLE R JRAR A e 1 e 3 AR 4 B 2
ARG I — KA T, RSzl PNS ik
i, RAEILBRAGTE T, R B4 R k235K
K, DARUPIE I O R IE TS AR ik 2
PR, bFEE, BB SR RS (k55
)« ABBRARA R RAR AL )7 DOC 5% 254
S RSB, WL 0 PNS B2 Tk 227 i
I EAMERE A T7 T ERAMIEES %
1 {UEEFndre

LC-2130 myiAH A A . LC-2030 &Ml
2, BRFEAT]: Xtimate Cig kil (250 mmX4.6
mm, 5 um), Welch Materials A #]; R R4 efs 7%
Rdg, bigHEREAT AR Nano-ZS AUk
X, JelH Malvern AF]; JEM-1200EX AUFE S HL
Bi, HA Jeol AT]; XL2000 F#8/ @AY, 3&[H
Misonix 22 H]; 5804R ¥ &0, 4% [E Eppendorf
/3 F); Microcon B/ONEJEE, AFHAHX 1R N
100 000, Millipore A #]; RYJ-6A HLZ54i% K 44
WRIGAN . BeaF Tt (HAR 1.70 ecm, #2524k
FL6.75mL), gl iR AR A s KR
FEAR A ZI i (0.14 0.2 um), F[E Whatman 2 7 .

PNS, 1514, #itS HB20081103, =itz
Y IRA s X Ry (Y5 110703-200726, i
HE97.7%)+ Re (A5 110754-200822, Jii&4)

# 88.8%). Ry (Hit'5 110745-200415, fitE&illE
M, FEsa$>98%). Rb, (#t'5 110704-200921,
SR 92.6%), Hh T 2 R E TS B s JIH [
e (CH), Z3#rél, #it'S F20050815, i [PEZy4E
Bl B Al s deiilE (ES0), ®ENRELIR
Bl o 520 2 80%, 15 20050440, £ [H lipoid 2w ;
Y Z E (VE), #ib'5 082K1382, Sigma Aw]; it
FUHERHN (DOC), 5 F20091228, [FH254E 4L
RAERAT; oI, tikal, 3E Honeywell 2
Fls 0.9% AP ERAKVESE, 65 1012062C, BN
B2V R DT A Ao HAHI Ry 43 bral

TEE g SD KR, AiE (300£10) g, HEME,
T VL B2 25 K2z gy s g oo B, S ke 5
SCXK ' 2012-0002. FA3 sh4 5 56 35 44 FE A
= 24 K22 S g fiAL 4R B 1EAT .
2 FHiEEH
2.1 RiBESERAEASLTS

R ARG A3 B FE AL U7 B8O 0.45 g CH
0.05g. VE0.01 g. DOC0.119 g. PNS 0.1 g, 7Kfk
WA pH 4.6 FrEERR-BEIRSZ M (0.1 mol/L #7451%
WS 0.2 mol/L WA — AN 44 A 1E LU IR A
TN E R A IE) 10 mL. HIEAZL HiT ek
IR Z%ER, ERENSR, LR LN
(126.5+3.6) nm, PDI{H % 0.147£0.009, Zeta H
fiik (1.7940.34) mV, R;. Rg;. Re. Rb, [FJfuff
KA (38.740.9) %. (85.6+1.6) %. (64.7+
1.4) % (96.2+2.4) %, FEE| SR KiBIE 2>
TSI 2 A R e o5 RBUBEAR,  SEEe b g T A
i, MR E ). SEE PSR F Ak i 5 AR
ik (LPS) AL 7 AR 5 4k J7 WAk 1.

#1 PNS RBASERKANLT
Table 1 Formulas of PNS TFS and LPS

__ PNS/ E80/ CH/ VE/ DOC/ CBS4.67/
Ak J5 AR
g g g g g mL
TFS100D4 0.1 1 02 001 04 10
TFS500D4 05 1 02 001 04 10
TFS500D2 05 1 02 001 02 10
LPS500D0 05 1 02 001 0 10

"pH 5T 4.6 (IR -THIR W K
"citrate-phosphate buffer solution with pH value at 4.6
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KRB HIF
# 0.1 mol/L A7 TRV 5 0.2 mol/L MR —
WG e LLBR A, pH EEEHIE 4.6, BIfFT
BR-WIR 22 P (CBS 4.6), 1A /KAL -
2.3 fEIBRSRERRRY§I &

SN S SCHRARE S SR, A Sz R 7
JE O WO AL AR S IR B, IR LA 4% T
2. FREUALTJTE(Y E80. CH. VE. PNS 5 DOC,
HT 50 mL FeAfr, FHAEE- &S (31 4) WA
WEFIVEAR, ¥R % 250 mL BTG, 7F 45 C. 50
t/min R YRR FERL 78 R bR S0, 13 BT, kakl
FEWER 7% 2 hy B LB 15 min, I CBS
4.6, PRPEAKA, HREFAB AT CSLBRf i Dh
16 W, HRIRFFLES s, TR 6 Ik, HELL2 k2
IR RE 10 s), FEFFRIERL 0.1 pum SRR R S 2528 ik
ZIE, BI43 PNS Lk, EIKFPAR, &H. &
JIHAIMDOC, Rl BIA3IR P TR 2K
24 RIBASRERIAENIERBFRE
241 BRUEE HIE “2.37 TN LA S R R
RFES D, DUBS T BB (TEMD MUEHFEN,
RITEAS, 45 R WK 1. 45 5K W] PNS AL 16K (] 1-A)
FUIE AR (B 1-B) LU AT ERIE 1) 52 i
242 Fifth Zeta WA

2.2

SrRIEL “2.37 iR PNS

El1 PNSf&iEfR (TFS500D4, A) S5AERMK (B) B9 TEM E
Fig. 1 TEM photographs of PNS TFS (TFS500D4, A) and
LPS (B)

FERAR S IR FAREE AL, KA (CBS 4.6) FiksiE
MAEE, DURAR AT G e RiAe e Zeta HAAT . &5
W 2,
243 fEFE (EE) 40l “2.3” i F PNS 1%
ARG PR, RS, R EIUREM 200
ul, B TEOHEIEEN, A FREL (LT
3000Xg, WifE4 C), WHESTBINKA, HHa s
mL S, LLOFE-K (821 18) ER, A, #
“2.5.17 TN G4 E Hoh Rgyv Rey Ry HIl Rb,
PUETAY, AAFRUEMZ TR, KRETERE, +F
HEE. iR W% 2.

EE;=(Ws;— Wea)/ W,
Hobh EE; i %> (Rgy« Re. Ry FIRby) (¥ EE; Wg; 4 200
uL BURES T ¢ A TR Cug)s Wea NANKHI i e
JiitE (pg)

x2 HEBEASEREPHRETNER (X £5, n=3)
Table 2 Quality assessment results of TFS and LPS (X *s,n=3)

B Kifthm  ZANOEE Zeta Hfimy EEPA
R, Rg; Re Rb,
TFS100D4 128.3+5.7 0.189+0.036 2.57+0.54 37.44+0.7 544+1.1 594+1.2 93.7+2.1
TFS500D4 112.6+3.6 0.2134+0.042 3.861+0.76 35.71+0.6 50.6+1.0 57.5+1.1 83.6+1.8
TFS500D2 122.7+4.2 0.22440.049 2.76+0.57 38.9+0.8 48.1+0.9 60.6+1.4 774+1.5
LPS500D0 113.9+29 0.14740.026 3.46+0.68 447+0.8 60.6+1.3 65.8t1.5 89.6+1.9

2.5 PNS F 4 FEFHSHEENE

251 @i AN CNWSIL Cig A (250
mmX4.6 mm, 5pm); FSIAHN LN (A) -/K (B),
FHELEEBEN : 0~12 min, 19%Zf%; 12~60 min,
19%~36% it AR E A 1.0 mL/min; Rl )%
£ 203 nm; BEFERE 20 pL; AR 30 Co

2,52 FHSEIOEI S R EPREON I R
8.48 mg. Re2.10 mg. R;2.19 mg. Rb; 7.75 mg, ¥
T 25 mL wEH, NN RS R RE R 2, R
5], GRG0 B AR . P Rey Rey Rys

Rb, JREIRE 294 339.2. 84.0. 87.6. 310.0
pg/mL.

253 A MEE LS REER 9237 TR
PNS LI I TR AW 1 mL, #T 10 mL &=
i, e R R R, BRI\ S HG-K (36 ©
64) TREGWAIMB R ZIRE, BRI U
254 ZVERRFEL Sl “2.527 WUNRES
ST 1. 24 4. 6. 8 mL, # T 10 mL &
R, H-—a 2 HEREE, A CKE-/K (36 © 64)
REEHRIRBE DRI, 85, Bl BRI TR
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(R A5 o) P VTR o 3 ) W B 5% it AR 8 Vi 5 0 TR
SV S AW 5 “2.5.17 TR ik T b
PL Rgiv Rev Riv Rby BN ABER (Y), DL
A3 BT IR P R AR BR (X0, 43 34T £k [R] U5
133025 oy o B E AR HEIT 2. Rgiv Rev Rys
Rb, MG PERNATT RS04 Y=7 731.603 9 X+
3.1391, r=0.9999; Y=7582.391 7 X+1.400 3,
r=0.999 9; Y=7181.593 8 X—8.487 4, r=0.999 8;
Y=6315.7134 X—3.799 4, r=0.9999. Rg,. Re.
Ri. Rb; 7354 33.92~339.2. 8.40~84.0. 8.76~
87.6. 31.00~310.0 pg/mL % BIFEMER R,
ANFIFES IR AR ik 5 Bk je s &
WeD e N OTER R R R [R5 A
WA E A IR G Bk . JE T CF AR A
2 AR S s I ¥R T, Wik
JEIE RAF . BT, e 0. 1. 24 4. 8.
12 h, % “2.5.17 WURNAT T, W€ 5 B T
B, IEAAY Rgiw Res Ry Rby UIEIIFL RSD 43
B 1.7% 1.4%. 1.3%. 1.8%, fLi#ifA+ Rg. Re.
R;. Rb; A RSD 205100 1.5% 1.3% 1.2%-
1.7%, BEAKBIESMNT Rgiw Res Ry. Rby (U
FLRSD 7354 1.5% 1.1% 1.3%. 1.6%, £/
SRR A A K B ARYEE S SR AE 12 h W IAR
5E. JEPUAT Rgiv Rev Riv Rby KPR A5y
BN 101.6%. 98.9%. 99.7%. 100.7%, ALi#ikH
Rgi+ Re. Ryv Rby BP0 100.8%-
99.8%- 101.2%- 101.7%, RSD 4354 1.4%. 1.2%-
1.5%- 1.7%, BARBIRBELWCHE T R~ Res Rys
Rb; (TR 4355 4 99.9% 100.3% 101.1%-
101.4%, RSD 73514 1.2%. 1.3%. 1.6%. 1.1%,
A DL R IR G 2K, T IERERAPE R .
2.6 PNS fRBABEAEKEEFEER
2.6.1 EAKPBESLE B SD KR, SMERF
SOy =1 iiprets o oo L T DARSEOP S TP S N
BUE R E, B KRR R, OB
UL, ORISR R e, B AR AR K
Ve, RSP IR G B T PSR R, AR,
e SEIHT R SR R L R AR, BYIGIE
KA CHBR BRI 2.269 em®), [l 5E Tt4s i
MO 2 18], A% A 52 1 ) s i, TN RO
[0.9%4FEEE/K-2 0% (80 : 200 JRAW ], HH/EIk
b R AT BRSO T 5 B TR 2 58 e fi, 2
Wt KRR EZEHIE 32 °C, R B PR A

400 r/min, V4 15 min 5, SHOF REEGR, B,
CNUERE 2 0 h, T 2. 4. 64 8. 12, 24 h Hf[H]
RUBUFE 200 pL,  Jf S M ISR RR 8 S22 SO
Fie “2.5.17 T IS AR o BT AR S, D e AR,
Y “2.5.47 T FhrdE M2t T i, SRIGAH N 259
WP
2,62 ZRMELE Q) LT AR O,

0,=(6.75 C,+ zl: C;%0.2)/2.269

i=1

Horp, 2269 ME LY HUIA (em®), 6.75 NIRRT
(mL), 0.2 HEFAAR (mL), C, R4 n ANBURE SR 24
PIFRRE (mg/mL), C; A% n ANURE S 2§ 25 152
JEWRE (mg/mL)
2,63 IAREBERE (D LIEHFE 29
O, AYPAENR, ITH] () AREAANR, 222 e vsis il
g, WP RREBIERL (HLH ) AT
H, BT EL AR J [mg/(cm®™h) ],
2.6.4 SEE LB E A ERME B PNS fLid
FES (TFS100D4 F1 TFS500D4), EAEEAA 1
mL, % “2.6.17 I FHEAT B AR B E LR, 1%
“2.6.37 TR IR J. SRR 3 MK 2, 4R
K W] TFS100D4 75 & HOFE s & 1o ek 0, ¥R
N, T IR

23 TEAHERPNSESEAPIMETHIHIE (X £
sy n=4)

Table 3 J values of four saponins in PNS TFS containing
different quantities of PNS (X s, n =4)

Jlpgem >hh
R, Rg; Re Rb;
TFS100D4 2.90%+0.62 13.30%£0.35 1.70+0.36 1.30£0.25
TFS500D4 13.80+2.30 68.40+3.38 6.601+0.54 5.30+1.54

R

2.6.5 A[E_EAARUE PNS AL AR B AR 1 i3
R5%m U PNS AL I6AFE i (TFS500D4), 437 I
FE0.5. 1 mL, 4% “2.6.17 i AT B4k 7 JIki5iE
SR, & “2.6.37 TN AR J. R IER 4 A
Kl 3, g5 W] AR 1.0 mL B TFS500D4 4%
AN AR S IORE RO BB O, BIWT AR T AR N
0.5 mL I %k 0,, H 1.0 mL ] TES500D4 H 5%
AN T BN T IR, Ry Rby 1 J AR ZE
.

2.6.6 PNS &AL g UM IR 2 44 B R VB 38 R 2 EE
5 43 H PNS fzid 4k (TFS500D4) FIR A4
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i (LPS500D0), EAFEN 0.5mL, #% “2.6.17 i
T B AR BB LK, 44 “2.6.37 TR kR
13 J. &5 R NLER 4 R 3, 45 KR IR i 4& LPS500D0
Ej R A _EARE R ALK TFS500D4 A EL &N/ 78
S R K O, WAL, ArE P & J
INVNTJEE Ja# NarE N 2~3 i),

2.6.7 PNS {EIBAR FIRLAR 0T 2580 B4 B IRIB 35 1 5%

0.3
—— TFS500D4 1 mL  Ru
— —=— TFS100D4 1 mL
‘g 02
Q
50
g
< 0.1
Qi
0 —
0 5 10 15 20 25
i/
0.12 —— TFS500D4 1 mL Re
o —=— TFS100D4 1 mL
w
£ 0.08
50
£
= 0.04
Qi
0 = - B
0 5 10 15 20 25

t/h

Wi 43 BIEBCRIAE A 120 nm Fl1 250 nm ] PNS 14314
TFS500D4 (250 nm A IE “2.37 T NHil#%, {H
JERJR TR 0.2 pm REBERERE A B, -
FEREON 0.5 mL, % “2.6.17 T NHHT B4k ik iBiE
SN, % “2.6.37 WUR kR J. g5 IR 5 M
Kl 4, 45FEUIRIAE 120 nm (K] PNS 1L 44k S5ki4%
250 nm [ PNS A& AR LL A i 43 26 25 BURE 231

12 ——TFS500D4 1 mL  Rg;
—— TFS100D4 1 mL

«
§ 08
=
g
S 0.4
0 4-—/‘/‘.
0 5 10 15 20 25
th
012+ ——TFS500D4 I mL  Rb,
~ | —=TFS100D4 1 mL
1
§ 0.0t
en
g
S 0.04¢
0 s
0 5 10 15 20 25

t/h

2 FEIZHEH PNS BiEAT 4 HEFMSHE RSB

Fig.2 Percutaneous permeation curves of four saponins in PNS TFS containing different quantities of PNS

F4 FREARELHEH PNS FRASERAEAR 4FHEFERIHJE (X x5, n=4)
Table 4 J values for PNS TFS in different sample volume and LPS (X *s,n=4)

Jl(ugrem >h ")

FE R /mL
R] Rgl Re Rb1
TFS500D4 1.0 13.80+2.30 68.40+ 3.38 6.60+0.54 5.30+1.54
0.5 16.40+3.18 96.70+14.28 8.90+1.28 15.401+4.68
LPS500D0 0.5 6.30+1.26 2840+ 5.84 2.60+0.46 7.80+1.14
—— TFS500D4 1.0 mL
——TFSS00D4 1.0mL o 3.0 —— TFS500D4 0.5 mL Rei
0.6 ——TFS500D4 0.5 mL ! o —— LPS500D0 0.5 mL
——LPS500D0 0.5 mL £
S 2.0
on
£
S 1.0
0 10 20 30 40 00 10 20 30 40
th th
0.6
031 T Irssoopd0smL - TESSO0D4 1omL RO
& —— & - - m
G LPS500D0 0.5 mL 04 e IPSS00D0 0.5 mL
= <02
Q Q
0

0 10 20 30 40
t/h

0 10 20 30 40

t/h

3 FEMAFRE#Z 8 PNS SR SEERIAT 4 MEFHN S MEREEML

Fig.3 Percutaneous permeation curves for PNS TFS of different sample volume and LPS
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*5
n=4)
Table 5 J values for PNS TFS (TFS500D4) of different

vesicle sizes (X £s,n=4)

TREIHI{Z8Y PNS f£i%{K (TFS500D4) BYJ{E (X *s,

J/(ugrem >hh

FifE/mm
Rl Rg] Re Rb]
120 16.40+3.18 96.70+14.28 8.90+1.28 15.40+4.68

250 6.80£0.78 32.10t 4.60 3.90£0.54 3.50%=0.47

06  ——TFS500D4120nm R,
~— TFS500D4 250 nm

0 10 20 30 40
t/h
03 —=— TFS500D4 120 nm Re
o —— TFS500D4 250 nm
£ 02
on
E
S 0.1
0
0 10 20 30 40

t/h

Btk 0,5 J %R

2.6.8 PNS fLififkh DOC K25 B4 K ki
R sE W U PNS A% AR FF 4 (TFS500D4 Al
TFS500D2), FFE&EIA 0.5mL, % “2.6.17 T F
HHT AR IBE S8, % “2.6.37 TR Jrikskis
Jo BN 6 F1E 5, 45K TFS500D4 i #4-HL
FE R 1 Bk 0, 5 J BIWE KT TFS500D2,
HAFI B B R 5 — 2 2 5%

3.0 ~=-TFS500D4 120 nm R&!
o ——TFS500D4 250 nm
£ 20
=
£
S 10

0

0 10 20 30 40
t/h
0.6

—=—TFS500D4 120 nm Rb1
—— TFS500D4 250 nm

10 20 30 40
t/h

4 TERIIZRY PNS RIBIAME RSB L

Fig. 4 Percutaneous permeation curves for PNS TFS of different vesicle sizes

%6 AR DOC &7 EH PNS {58k 4 MEHB SR J
B (X £s, n=4)

Table 6 J values of four saponins in PNS TFS containing
different quantities of DOC (X *s,n=4)

Jl(pg-em >h™")
R, Rg; Re Rb,
TFS500D4 15.70%£4.55 105.90+16.93 9.50£1.89 17.10£5.47
TFS500D2 5.50+1.98 26.60+10.01 4.00£1.56 3.70+0.38

gr EWEEE R, NI 7 8 5 A T7 PR
&, EIEFE 500 mg 72 e AR IR AT R AR B TR
BB, R ERAARUER 0.5 mL. BAAKE
FVE T PNS &b b 25010 28 Bz WOBcRs
P, ISR IS BB I AE B 25 Tl o
A, ARBMRARART N, Hoh DOC & 41
AR T4 fBE .
3 iWig

e 100 mg [F4b77 (TFS100D4) 1E#5HX
FE SR 18093 Kk O, 3315888, T IR, X fa 821
BB R S, WU IERE 500 mg 2
(AL B AR AT B AR B JTKI2 35 S5

B

P IE B (V15 J1 52 BRI R RR L, LI
B WK Ak T 337 o e T Ceve A BB HE S BLR:
M Franz-1A4138 K3 HG (¥ 5 PB4 T AL AR (1 4441
3 RS o ST A 7 B AR S5 K B
PRV, 2o BORFELE PG E BT, HBIR B4
W LA R i A B P G T R B K e A i
JEBIE R K IR R o SR M0, A TRELZ (R0
SERW], FIE I B IRAEAE 4 FORAE, _ERERTAE
IR P92 T4 ik B AT 1 — B Tl AN AN 2 A B
I, ity AT 21 B2 R A Jo 2 T A5 AR DR 1
CRIRETIORFFA BEIRIEH IR A3 BB E D, RIS, i
T8 29D AR AR ot P K o0 R I ) A A LA
YERF BARIKIK 3 BEIE DN M B AR B QB B R IE M T
B AR BB BT AHRAESEIRIE T, N
i /SR ZE . ETIE, EARAREANVEIR DN,
[, EARARUR/INTT RETGIA S A B ol SE IR B IR AR
17, WHEAWTTUH AL AR EAEEARBUE ) 0.5 mL.

Cevel A (R AT BLAT S0 K I AR T A A
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