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Study on biopharmaceutical properties of active fraction from Xiangfu Siwu
Decoction by composite phospholipid liposome-based artificial skin membrane
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Abstract: Objective To evaluate the feasibility of the application of composite phospholipid liposome-based artificial skin
membrane (CPLASM) for measuring biopharmaceutical properties of active fraction extracted from Xiangfu Siwu Decoction (XSD)
via transdermal administration. Methods The HPLC method was established for the determination of active ingredients (ferulic acid,
tetrahydrocolumbamine, tetrahydropalmatine, senkyunolide I, and senkyunolide H) in active fraction of XSD. The oil/water partition
coefficient values of these active ingredients were measured. The CPLASM was prepared to determine the in vitro permeability
parameters of active fraction of XSD. The obtained parameters were further compared with those obtained by porcine ear skin. Results
The oil-water partition coefficients of ferulic acid, tetrahydrocolumbamine, tetrahydropalmatine, senkyunolide I, and senkyunolide H
in active fraction of XSD (pH 5.5) were measured to be 1.220 + 0.280, 0.670 + 0.085, 0.920 + 0.110, 1.040 £ 0.092, 1.030 £ 0.093 (n =

3), respectively. The permeability parameters of the active ingredients through porcine ear skin and CPLASM indicated a significant
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correlation (> 0.9). Compared with the classical oil-water partition coefficients, the 6 h- cumulative permeation ratio of five active

ingredients through CPLASM can be characterized as effectively predicting permeability parameters through porcine ear skin.

Conclusion The biopharmaceutical properties of active fractions from Chinese material medica can be effectively characterized by

the application of CPLASM for the determination of in vitro permeability parameters of active ingredients.

Key words: Xiangfu Siwu Decoction; biopharmaceutical properties; composite phospholipid; lipsome-based artificial skin membrane;

transdermal absorption; ferulic acid; tetrahydrocolumbamine; tetrahydropalmatine; senkyunolide I; senkyunolide H
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BEAR, A EOA X SRR B YIS Rehmannia
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/K, i Direct-Q5 4K RS %; TR
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A ]; Direct-Q5 B4k Z4t. Millicel-ERS02 A
20 Ao s FELBEN 724X, 6 [E Millipore A ] ; SHZ-D
TEH KRBT, P TR E R THE A A
MicroCL21R M & il & 14 &0 HL, 3€[E Thermo
Fisher A F]; RE-52A BRI 78 kAN, I ZRAAL
{Y%8) " Zetasizer Nano Zs90 #AkiEA, HEL
IR AL SRR AT s TY92-11 A8 75 e 40 Bk FEATL,
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B0 ML, {E[E Eppendorf A 7]; TENSOR37 HU{d B
T DA EREA, £8[E Bruker /A7) ; Emulsiflex
C3 B R ML, INEEK Avestin A ] .
2 FESH#R
2.1 XSD JEMERAIAIHIE

HUIH 4.50 kg #Ad3E 6.00 kg )11 2.25 kg
9745 2.25 kg ZEHIR 2.25 kg, I 2.25 kg, KFEF
1.50 kg, Hn 10 fEE/KRIE 12 h JGELLRIE 2 IR,
H I 2 BT K /KRR 4 2 R 25 IR 1
g/mL. WG 95% LB & LR BN
80%, FHHE 24 h, U EIHBORYE 2RIk, IRAER
2 KL PR R LA K K 10% 20%- 30%- 40%-
50% BRI VR, ISR 50% ZEEVEL IR, WK
5. WIRTERE &R, BIf3 XSD igtEEhL, 5%
N 0.19%.
2.2 XSDEMEA A EERDREENE
2.2.1 0P RE R A SR ) % R B RREON R
MBI EEIR . IEFAR 2% VU AR Sl I
WS I HE ) AR HEET 10 mL &+, 52
TRA XTI A, LRI 40 50 2504 131, 108,
504118 pg/mL. A5 FREL XSD y& A A Ko &
FH 50% B 75 5 AR JF 45, 12 000 r/min 2540 10
min, B E3EWOT 0.45 pm JERE, JERCA PR IE TR .
222 iKMW A K- 0.8% LR
0.2% = CJEAKEW, BHEEBENL: 0~20 min, 15%~
25%Z.fE: 20~35 min, 25%~40%ZfE; 35~38
min, 40%~60%Z.fi; 38~40 min, 60%Z.fE; 40~
45 min, 60%~15%Z M ; AFLE 0.8 mL/min; £
MK 280 nm; AR 10 uL; FEiR 30 C. ik
KK 1.
223 LMEXRRFEE O “22.17 NRAXESE
53 ) FH PR AR A 6 A7 A (] o A B P VR 6 o)
M. 12 000 t/min 2.0 10 min, B EEW. %
“2.2.27 TR AR RS S A, A IERE, DAETHIAR (V)

0 8 16 24 32 40
t/min

1-FEERR  2-POR AR Ol 3-SR LR 4-FE NSNS 1
5-FE)I S NEE H

I-ferulic acid 2-tetrahydrocolumbamine  3-tetrahydropalmatine

4-senkyunolide I  5-senkyunolide H
1 REXERMA (A) 1 XSD FEMI KA B) B
HPLC
Fig. 1 HPLC of mixed reference solution (A) and sample
solution (B) of active fraction of XSD

AR ERE (X0 HATLERE, BEIATE, &
BELt (SIN) N 10 FRERE (ug/mL) NEKE
#2IE (LOQ), ZR AR Y=99 710 X—
279 503, r=0.999 5, Z&PEVE R 3.91~250.00 pg/mL,
LOQ & 0.70 pg/mL; PYEIEMBT Ok Y=10 244
X—6 5254, r=0.999 8, ZVEE[ 3.38~108.00
pg/mL, LOQ N 1.01 pg/mL; #EFAR L FK Y=14 647
X—22 996, r=0.999 7, ZMEIEHE 4.09~131.00
pg/mL, LOQ A 1.03 ug/mL; V)15 A 1 Y=63 406
X—232 449, r=0.999 8, ZkMH:VEF 7.88~504.00
pug/mL, LOQ A 1.10 ug/mL; ¥E)IEAlE H Y=
59 449 X—71 058, r=0.999 7, Z&VEJuME 3.69~
118.00 ug/mL, LOQ >4 1.04 ug/mL.

2.2.4 FEERGAL  RSEWECh R E R (BTER
R DUSARMBE Ol IR A& ¥ N EE 1.
FE)E AR HOSTE R 450 31.25.13.50. 16.38.
63.00 14.75 pg/mL) FRIVRA G BB Shia W, SR
6 K, WFETEES WAL, THE RSD. BZRRE
VUSRI Ol IEFHR O NS HEE I 7
JIIE NS H WAL RSD 23518 0.74%. 0.34%.

0.75%-+ 0.61%-+ 0.52%, 57> RSD<0.75%, £F
EHTE R

225 HEMWRE FHHEKI XSD 50%EE5E
AL TR R, 4% “2.2.17 Tk & AR A AR
o, AT 6 4y, R SIETER IR, THE
B A TR 43 B0H) RSD . B ZRIR « DU AR BT CUi
R LK. FENEAEE I SNBSS H RS
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B RSD 73 51N 0.26%- 4.83%- 2.04%. 1.11%.
1.35%, %4> RSD<<4.83%, FF&HrER.
2.2.6 FeEtEiEe  HUE AR (42.2.17 T
FECHI R A, 78 04 2 4. 6. 8. 10, 24
h 3 AEREI R, 10 B E T o T 0 P U THT AL
THE RSD. FEERR. PUSARINEG OBl ZEPAR 43K
FENNE AR I F)INE MBS H AR RSD 4344
0.63%- 4.40%- 1.10%. 1.17%. 0.32%, %45
RSD<4.40%, fF&mtrEsR.

2.2.7  FEECRIREE S IE R XSD i
R ACE 5, I BT BORE i o S0 M B3 BT 50%
100%- 150%HIX /i, AT 3 4 4% “2.2.17 T
NSRRI S ST AR, THEINARE A
R K RSDo oG H s o SR B e [
Wy HIONFTBEER (105.16£4.64) %. (101.35+
1.54) %. (99.16%£3.55) %, PUEAEMEE ik (96.01+
5.68) %, (105.27+8.85) %. (99.41+0.24) %,
EHRZE (104.25+6.50) % (102.64+1.47) %.
(94.85+2.60) %, ¥F)IEANET(102.10£2.41) %,
(101.0942.85) %. (97.54+2.82) %, V&)= N
H (104.06+2.71) %. (98.45+0.71) %, (103.56+
6.57) %, “FIIIEERIKE 94.85%~105.27%, &
IIMTESR . S MAAME. W BRI AR [ET
R RSD 73 A ABTEEER 4.80%- 1.52%- 3.58%, PUA,
AEMBE CF 5.91% 8.40% 0.24%, EMRLE
6.23%- 1.43% 2.74%, V)15 TG 12.36%- 2.82%-
2.89%, VE)IE AN H2.61%. 0.72%. 6.35%, RSD<
8.40%, FF&miTEisK.

2.2.8 EIEMERIEENEL R WG XSD iE T
TR R ST R BT AR R . DUS ARG O EHH
ROF FE)NEANEE I F)IE AN H R 5850
AR (1.89£0.04) %, (0.87+0.07) %. (1.74+
0.10) % (4.57£0.21) % (0.58+0.01) % (n=3).

2.3 CPLASM HIHI&SMRERE

231 HEWARREFA (CPL) M4 K H M
IYBHl S CPL, /NRLAR SR AR 4Ly EPC-
RHEEE (77 @23, Fimth, FRED; KRiZEHR A6
NEZH R A EPC-HSPC- 14122 fof i -JIE 3] 1 - HEL [ et PR
fig-EE AR (5625 1 18.75 1 13.75 1625 1125 :
3.75). ISR UE B T ToK I, I8 e 28 Br
2O, FE 10%OBERBERR AR vhia W (PBS)
KA, R FARESW (RS EKE 60
mg/mL) o fil] 45 19 i Jo A TR A2V 23 1) P o R 20 L
FEHIRIARE 200~300 nm (/MRIARAR A BfR Sk
M A AR RIS > 500 nm (KRR KD, I
FH 5y SR SCYNRRL A 5 2 b i FRAK R4 43 )N
(258.00+13.87). (610.70£37.40) nm (n=3).
2.3.2 CPLASM K& Je ol 55 B i i
150 CFhn#30s, MHESME, BKREET 24
FLARH,  FHRE IR IR B4 100 uL, BT
BULHLF, #£25 "CF 2000 r/min 250 10 min,
BT e 180° - I /INKIAR IR LR 100 uL, £
25 ‘CF 2 000 r/min B5.0» 10 min, 5[5 % 1)
JERARIR S 50 CHIFAFJ% 45 min. FJRER
Ja > TN KHRIAZ AR A 100 pL, 2 000 r/min 5.0r 10
min. FREE T (55 C) 2h, HHEFETE
JN—80 CUKFEAE 1 h, RIGHEBREESTIRM
30 CHN#A 2 h, VRALIEIR 2 IK K1) 447 i) CPLASM
BHT-20 Cfifft.

2.3.3 CPLASM HifHIllsE ¥ CPLASM H PBS il
JeKE 1 h (ff£25% 100 pL, #00= 600 pL), H
Millicell-ERS02 4 ffa 5 Fit BEL s 43¢0l s ri L
CPLASM HIHEFHAE N (2 1234282) Qrem® (X +s,
n=3), EEE A, HE 0 E KK 2
Fiows I0FEfE AT DL B AT A AN iS58

2.3.4 il AR SR 4 I S T 1 (ATR-FTIRD

KMLAE R LA

JE JE

NRLARNR B

CPLASM

2 CPLASM RHE#EE
Fig.2 CPLASM and its device
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M5E  ATR-FTIR 30k &, #5575 4 000~1 000
em ', FREEL 16 WK, R 2em !, RSO
(Internal raflectance element, IRE): S I044HF
JRAliAEE (ZeSe), ANSFEE 45°, ¥4 CPLASM &{,
$EH BT IRE FHHTAAMEIESH . ATR-FTIR il
8 CPLASM CH, EXFr RS 35 (2 917.87+
0.56)cm', CH, AFRIR S I3 $M (2 850.69+£0.97)
em' (x+s, n=3), WHHE CH, X FRIFEEHIEH
¥l (2917.2940.10) em™', CH, X FRIR B4 3 K
9 (2849.9140.23) cm™' (X+s, n=3), LLAMNiE
B WL 3. CPLASM 5% H R ig i i B L i e 4t
THEER (P>0.05).

TN

CPLASM

4000 . 3500 . 3000 2500 . 2 000 1500 . 1 000
viem™!
3 JEERF CPLASM A ATR-FTIR i£[%]
Fig.3 ATR-FTIR spectra of porcine ear skin and CPLASM

2.4 {RIME R IRUSELE
241 FEHEHIE HIIAHEEESENGRT
%, FEREEMEN, BREE e &RHAL, T
=20 CRAE, SEURAEFH TR R B SRR -
242 REWEPISIE PRI XSD iE A AR IS
&, H 20%CEEKIE B IS, 1SREIRERN
10.14 mg/mL FIBE45 W .
2.43  BYORMHIE  20%ZFE KIS, 13 AT
37 CTRERIFE A B 2
2.4.4  RHNE RIS R R [ E T Franz
Pl b (BB 3.14 em®, FEICEARF N 8.3
mL), FMFJZEA L, BlCEMANBRGR, K25
Jok 5 BGR 9 BB NS B B, 7R 37 CF
500 r/min P47 1 ho FE% AL 1.0 mL THi%
=, T 8. 124 16+ 20, 24, 36, 48 h HZHY 0.2
mL FBOR, B AR SRR A E RO

CPLASM ff] PBS Zild FTS/KA 1h (fhhE
BN 100 pL, #200%E 600 uL), EKENFR, K
FEHL 100 pL 25 T2 =, FEUCE TN 600 uL
Pl (B 20, BT E R 8 (37 °C) 45T 2.
4, 6. 8. 10, 12 h WZHY 0.2 mL W0, St #h7E
SR O . BRCHURE 12 000 t/min &40 10

min, B EIEWEEAT HPLC 734,

AR 0= (VXC,+ T VC, 1) 14 RE AR
[ R TIAR 259 ZAEL & (Q)s A NAERERK
AL (em®), ¥ OREEICEARF (mL), 7, IR
FEARRR (mL), C, NE n ANEURE i A3 e e
HWREIRIE (ug/mL), C,— A% n—1 DEFES
WA BSGR R 2P SR (pg/mL) o LA B[]
O NPAER, B (0 AREARARIEIR, K kR
HE LR BT ERDA, 53] 0+ HEE, H
LB NRESME [Jo ng/cm™h)], BWEBE R
L (Poy) =Js/(3 600-Co)s Co NHELETRE I W46
JREIRE (ng/mL). AN S RBUELR (T,) =
AQJZ s Oy NE n NHFERINEN O, Z o it
EHiIAEZE. RIE 4 &K 1. AJUEH,
XSD & ES AL A 5 BhIE I B AR A B R AN
CPLASM BiEHE P A —8, MNHA CPLASM REW
A R R AR 1 I3 R SRS Pl 75 2 AR (]

¥ 5 FiE It o FE5E B A CPLASM. 132 1%
ST (B 5), KIPEA BIFHIAR
M (P #HIENE: 7=0.943 45 T, #IE1E: r=0.950 5).
XU, RAE AR SELEAR, 2 CPLASM
X XSD v AL s AN R BTE M R o3 A A2 B

60

—o— [ EER WH K
50F —a— USRI B OB
EHHRLE
o~ A0F —— IR T
‘s ——PENE N °H
° 30t
E
SN
10 Il T
0 — : = —
0 10 20 30 40 50
t/h
100
—o— [ ER IR CPLASM
80F A TUEIARIMB; ik
LR FR
ok T HNIEANEI
é = V) E B H
2
= 40+
S
20 ‘/)/M
0 2 4 6 8 10 12
t/h

4 XSD EMAMIEBRMIMIEINERITA (X£5,n=5)
Fig. 4 Permeation behavior in vitro of active ingredients

from active fraction of XSD (xx s,n=15)
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=1 XSD EMEALELEE RN CPLASM BIS1ESH (X £s,n=5)

Table 1 Permeability parameters of active ingredients from active fraction of XSD through porcine ear skin and CPLASM

(X *s,n=5)
) J/(ugrem 2h7h Pop/(X107° cms™) T,/%
o E R CPLASM FEE R CPLASM FEHEFE (48h) CPLASM (12 h)
B B 2.27+1.46 6314098  1.60+1.02 496+1.18 16.984+3.51 24.7840.70
VYR 20 0.33£0.30 1.724+0.28  0.78%0.72 4.04+0.07 9.3343.50 24.45+1.85
R L5 0.64+0.30 3744062  0.961+0.45 5.1140.40 14.14+3.67 34.16+2.17
FENE A T 3.8740.93 16.1942.58  1.8610.45 7.76+1.23 23.91+4.66 47.89+2.18
NS A H 0.30%0.03 1.10£0.17 2814025  10.26%1.55 35.12+4.41 68.26+1.74
12r W HSTAT R B 28R 5508 B R R e AR — B
ok y=2978 55416545, B=08900 _ ® ¥ XSD VEPEEB AL A 5 Fh o EE I A 1
) 7 CPLASM {45 [ s 1) T, SHEE L Py BELAHIG
< 8- PE, 30 CPLASM 6 h (1) T, 1554 FE L Py HI PR
2T e IF (r=0.913 2). BRHTHINEERICKZ 2 F
& 4 o~ R Syt ke, LS CPLASM 5 e — i [H]
L R T, RVENIEPE R I 68 7, NI A 803 =
WP RAE IR, ARG AL E SCEE
03 10 s 20 25 30 R,
HELBL Py 2.5 BKSERBEINE
“r 2.5.0 &K UURN IR IE SRSV I SERE LA K
P P=05146x—0.0064, R2=09034 ~ W KT IMANEER IR, BT HEEPH
. 30 Phe - W, 37 CHER/KIBIRG SR 2 2 7 85 1E
< 2 » W 57K, 5K WA ) T 3 WV R I S A A
2 2 -7 (K1 K VAT o
R e 252 IRMERIE OIS R R AL A
SN e TR XSD iR AT R, 4RIV TR A
L ) IEF VA Rh . B 5.0 mL AZVERIF NN 5.0 mL
. . . . IE SRR KR, BT REHEIR Y, 37 CK
20 40%H&48hm%60 80 BIRG 12 ho HUHARIE 1 il oy iR R B, KA
ton ’ ME pH H, THHEZEMER KB RE. K
i _ - SYBCAREL: logP=10gC/(C—C,), C AZKMEAIKIE
S SRR TS RO IR R IR IE, C, TR
£ 201 o - 1F 3 B A AR PR 1 B o AR
I P M43 XSD EPE#AL (pH 5.5) HFEERE . PUA
N ML AR ISR LS
. ¢ PG H 03H K SR 4 B4 1.2240.28.0.67£0.085+
0.5 0.92+0.11. 1.04%0.092. 1.03%+0.093 (n=3),
0 ¢ i s 35 3 5 3 BEIEVE RS (R 7K 23 BE SR 0 AR H R iz
CPLASM 6 h T,/% EZHGESARME (K 6), KRINHEALMEA R E

5 CPLASM SEERNSHIERSHAXM
Fig. 5 Correlation of permeability parameters between
porcine ear skin and CPLASM

GRS RS RMIBIEREL Pop MR r=
0.564 4), VLHILERNE XSD & [ 45252457 %1k
JF 5T, 3 S v K o E R B BRI AT N
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Fig. 6 Correlation between oil-water partition coefficients

and P,,, values of porcine ear skin
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