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11 R B RERE T I HEES (SCCL-4B, DTG~
E1000, I X i THALES AT BRITAEA H] ) 5 S 20
3% (HPLC) X (1260, VWD, DEACX 18632, 3 [i %
FEAR A E]) 3B 2 TR S (TK-20B AL, iR L
B A A R R ) 5 75 2838 R 5 0L (Thermo
Fisher 24 ] ) ; 258§ F /K AL (Mill-Q, 3& [ Millipore
TIPS

1.2 K2y PFXFHR S (A5 106H021, Jb 5 K 5
FERHEARA A, & #>98% ) ; PF JFRE 25 (HHE5 .
FY00Y0816, Fgill KFAEMRHEARAR, &>
98% ) ; I W 940 (L5 : 20200614 , B ILHi IR H =
i TAHRAFD ; 25 FH I (A5 : K2019079, i
BTRL T A AR e AT BRAA 7] ) 5 F228 TR (L
H); =2 E Rk (5120210103, MEAE & 245 R
il 1 A PR TEAT AN 7)) 5 4 FEER 7K (4151210202038,
BB 250 A R BEAE A A ) 5 W A ik (AL
B22N9C75604 , - IR M- A= Y RH A BRA R ) 5 it
IS B28S9CT71133, ¥ A= M B H A7 FR 2%
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M ARAF); KEMHEA-ERAZE (5.
200701, HFLRHERI 25 A BRA F] ) .

1.3 SEKshY)  SD MEME K, SPF 9%,200~220 g,
Wrolss (dbnt) EYEARARAE, SHIES
110324210105296137.,

2 FiEEER

2.1 SHinikR ST

211 RSN LREHR @IS : ZORBAX EcLipse
Plus, C15(4.6 mmx250 mm, 5 wm) ; i 8hAH : A(0.19%H%
PR KA ) -B( N ), BB BEBEN : 0~9 min, 20%~20%
B;9~12 min,20%~60%B; i # 1.0 mL/min; JF
i 10 pL; AR 30 C; R K 230 nm; f5i817HT[H]
3 min,

212 LEPEEEL 12 h 25 [ PF SRS K %
W PF BE 3% 7 4% 32 (P OGRS . 4T
“2117IF BAAEERE AT iE 5k HPLC &, 2551 3%
Wiz R IRE R A, WA 1,

A
—
05 1.0 1.5 20 2.5 3.0 3.5 40 45 50 55 60 65 70 7.5 80 85 9.0 9.510010.511.011.512.0
B 5} 18] (min )
05 1.0 1.5 20 2.5 3.0 35 40 45 50 55 60 65 7.0 7.5 8.0 85 9.0 9.510.010511.0 11.512.0
Q Ff 1] (min )
1
A A
05 1.0 1.5 20 25 3.0 35 40 45 50 55 60 65 70 7.5 80 85 9.0 9510010511.011.512.0
5] (min )

HE ALPF XTI 5 B.AS FLBEIR ; C.PF BEME 5 1.PF
B 1 BEEEZER R HPLC B

2.1.3 Mg BRI PF X HR S (A i =98% )ik
HET 10 mL 255D, il W isE 2, ROk
4272048 pg/mL. KEEREIREERIKTCE H 1360.24
544.10.272.05.136.02.54.41 .13.60 wg/mL, Lk PF ¥
JE(C) M A, W TR (A ) A DhAR AR , T bR
2RI A=13.527C+82.105,R?=0.999 5.,

214 KEBIEEZL B “2.1.3" WRHEE 5N
54.41.136.02.1 360.24 pg/mL AU | e BE At
RAA, 1 d N BIINE 3 ¥k, ESEE 3 d, RIS
P AR A TR R, AR 3 AR B AR TR AR H
INAS % RSD 5N 0.15%~2.57%, H 6] % 55 10

M 1.929%~2.53%.,

2.1.5 FTEMEI B 12h NEE-— PF SEE 42
W, B30 (10 000r/min, 10 min, 250242 16.8 cm),
K FR 0.22 um JEME, FATAEBE 6 43, 43 i HEFE 43
M, 115 RSD {H0 1.02%.

2.1.6 JIFERILER BEHIS ) PR SERGSE 1%
T FATAE IR 6 43, 43 SN PE X IR 2.46 mg,
PRSI, T 6 (0 45 32 WA [l 3 F- 3448 Ry
99.41% ,RSD 1H°M 0.76% .

2,17 FAEPEEEZE HL 12 h NIR— PF BEAL A
7 42 52 W, 850 (10 000r/min, 10 min, 55 .0 22
16.8 cm), 147K & 0.22 pm JEAR, 205 F 0.2.4 6.8,
10.12.24 36,48 h EAEREIN , LAAHE S PR A7
I RSD {H4 0.51%.

2.2 PF AT

221 PF RUEMEEINE ) PFIRRZ
JINAZE pH A 7.4 1) 2 mL BEBRZE vh R0 (n=3),
il A BB RE T AR FE AR 24 h, IR R HITE
(37£1) C, il B M FIA R L T, WL T 24 R A
F 022 pm AHLIERLEDE , 2.0 (10 000 v/min, 10 min,
B02AE 16.8 em) B 0.1 mL JTZE 50 mL A&
W, (i pH Ry 7.4 BETRZE Mh iR T G TG B
2 FRC2.0.7 T B Ak SR ERE BT, T PR
FE pH A 7.4 (/B R 2% vh £ 75 P B U I B R
(118.00£0.48) mg/mlL..

222 PFIH/KBCRECNGE  OKG% LR e
JE B PR AR 1 mL BT 4 mL B0, Inss
KA RIE SE B RAR S 2 h, §E 24 h 502 K
HHREPUTJZ2/KEW 0.1 mL, fINA pH N 7.4 BBEIR
S RV VR B R 50 mL, FR IR 2,117 TR 454k
FE,FH HPLC 7E 2 ACH PR &, AR 4 T 311A 5K
PEATHA PF AE pH o 7.4 BYBRBREL 2% vhis i b i
7K 53 R 2K LogP=-0.59.

Co
LogP=Lo
2 g C

Co K PF 7EJMAH (RDIEFRE) SR, Cw N
PF FE7K AR A AR
23 PFIRSNE BB
230 ERRBUR AT HUdEE SD AEPE KR,
RIS R B D5, LA 10%7K 4550 (0.8 mL/ H) R
s K B, ol B 0 /0N 3 B B B Bk, O 0 R 5
B R RR LSRR T | i AR AN A R . R AR B
KR RS RS IA AR Al BT -20 C
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VKFORAE A o ARSI 7 d, SCR AT = T A
232 SAEMEB R PF BRI HI & FREL 0.4 ¢
R 940 F 100 mL AR, I AGE 2 £ 5T K,
i IR I FE AR PR R 5T K R 5 I AL T
) PF JECREZS I 10 g, 20 BIINAR & RIS A
1238 7 W far ¥ (3% 5% 7% 9% ) Il R (2% 3% .
4% ) VR (3% 4% 5% ) K& (3% 4% 5% ) , T
FEES) INA B T/KZE 100 g, IIAKL 5 RO
ST BEFE AL 7 500 = SR , S PE Y
A7, 85.0>(4 000 r/min, 10 min, B.02F4 16.8 cm), &
BRAENTS

233 ZBIE IR RS EE
FHER RS 1Y Franz T 54 #9700 73 L4057
A A 53, B CHAR R 8 mL, 7 B0 A
BE R THFRCA 3.14 em?®s 3l 1.0 g BERS T KLY
o L2 - (2 5 R B R e o e . a2t
HEA pH R 7.4 (WL thEh S 8 mL, HEZEX
B3 2 B HOSOK I R 4 I AE (37 1) °CL 1T
fie k(500 v/min)o 4300 45 THERSS 1.2.4.6.8.
10,12 h B AP 2.0 mL 32003, TRIEsHRb 7845
PAFRAH [FIFLEE () 25 (2O JBT 4 B A 2 O
L>(13 000 1/min, 10 min, Z.048 16.8 em) , i 7K R
0.22 pum FHALUEIE , ICELUE W #% “2.1.17 W (o % 45
PERE 0 I 0845 BeF T) 2 SO T 24 1 e
(C,) AL FR 25 R RS B & (Q,) N2 i) R
R (F,) o HWan A i

n-1 i=1

0.=(CxVot X, CxV)+A ,F=(CxVr D, CxV,)+
=1

n-1

0 x100%
S= AQ
ATXA XCox3 600

Horp €, CON 5 o ASFNES 1 A BURE 55045 1 24
Y BE Vo SRR B SO AR B, Vi SR R
FERRRL A A RGE KR, Q RO L e i
() PF B E i, Ps HRIBE R B VIS TE] (¢)
Xt Q. VR, TSR 250 REURE I £k, JEAT 4 kT
A5 RLA AR, HoRPR R RS 3 B (Js)
2.4 ARFEFEBFINF PF FE BRI A5
FHAS [) B A5 o 9 ar 3l L TR 20 RS 3l S A1
B, LL12 h BF Q {H Js Ps KI5 ol % 5545
br A5 R ILER 1.

M2 1 W[, PF 2 R85 8 125475 G Z )
J12E TR R RI B 2] RS i i S R AT R A
ANERFR . Guit2 BT, LA Js B 548 bR, 21T
e KK B 2 AR 4 FORTRIE BRI PR EER 24
Y 2R EML . B 2A AT LI i Ak
3%%] 1%}, PF RFLE L i R, Y A1E 790k
JERT, 12 h (9 PF 28 57 ZAUE A ik B i s (H, 247
T T AR S G N3 9%, PF 12 h B %E o B
iK%, UEBHEEATAE 2B R BT — Nk e
OV 2 v A (R A2 22 AR VB 1 R AR, 28 6t
PF & KB AR HIVE R . 528 AR Bl AL,
225 B GRS 5% i il -5 7% 1 a7 i

R1 AEEREFNERARRETHEREENNFHERETNFSH

a3l n P Yy i R? Js[(pg/(h-cm?)] Qui( pg/em?®) Ps(10° em/s) B
251 5 0,=389.078 82+77.043 03 0.851 6 77.043 0 1155914 2.447 1.00
3% I 5 0,=-16.055 15+24.437 95 0.997 9 24.4380 273.802 0.894 0.32
5% I 5 (,=328.582 75+125.545 2T 0.944 4 125.545 3% 1721.192 4571 1.63
7% AT 5 0,=556.925 35+150.149 55 0.945 1 150.149 6% 2183.375 5.446 1.95
9% AT 5 0,=-74.114 37+37.704 15 0.965 2 37.704 2 388.912 1.384 0.49
2% MR 5 0,=131.004 80+40.884 54 0.947 7 40.884 5 565.634 1.427 0.53
3% MR 5 (,=183.853 63+91.631 20 0.960 2 91.631 2% 1192557 3.159 1.19
4%iHR 5 0,=78.587 69+40.299 19¢ 0.980 7 40.299 2 527.473 1.351 0.52
3% A 5 0,=-10.818 46+8.449 19 0.991 3 8.449 2 91.118 0.272 0.11
4% 5 Q.=—11.779 15+10.790 86¢ 0.979 2 10.790 9 111.808 0.348 0.14
5% F 5 0,=-81.139 22+53.432 10 0.987 3 53.432 1 571.245 1.728 0.69
3%K% 5 0,=134.556 50+18.149 55¢ 05928 18.149 6 295.170 0.564 0.24
49 NI 5 0,=321.933 51+92.514 31z 0.861 5 92.514 3* 1240.137 2.974 1.20
5%KEH 5 0,=290.604 24+68.005 191 0.828 2 68.005 2 930.829 2.178 0.88

T 958 FURB R HLEL, #P<0.05, ##P<0.01
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T AR BEWERT I Y PR R BUE IS M2 s BRIV B AR PR S BUE IS LR ; AR RV B R PR SLRUE IS 2k ;
DAl R - PR RS 1T Lk
B2 FEMEEFIH PF RRES HLZ&E

(P<0.01), 4r5fi PF 28 p dURHE S 2 1.63.1.951% .
TE T%HAHMVER T ,PF 6 h 2B %K 60.50%,
12 h EFE RN 81.20%; i AT HNIE B i}, PR
6 h 2B F N 13.70%,12 h G F Ny
33.80%, B 7% far i T LABE 55 PF RFLE LR, 38
i1 2B & 2D WA, 2445 54 i R kg nt
TR ERT , PF REUE T BRI R E R, (HR
H 3%IMER I 4%t PF A fEBER, 5%
FIE B I FL A, 3X PR IR 8 75135 1 3R 110 25 5 LAY
Giit2r B L (P<0.05), 43 0ilfi PF 28 52 il 4 5 &2
1.19.1.20 %5 ¥ 2C 2 A B IR B R B, oK
RIILX) PF HATGEBVEH . 3R 1 a5, X LR
BRI PF AR BAE RN 7 %8457 T >5% 1 A
TH>49% K>3 % PR o
3 itig

— RO, 25 W 0 B T K 43 L R B LA
XoF - ok A % L 2 e W AR O e e MEAE
1 2.2.17 } “2.2.27 WU N W5 4245 ] nl 11, PF 7€ pH

R 7.4 (R TR 2% R VA VR )V A R (118.00+
0.48) mg/mL, K] PF J&—Fs/KiF 25, o &
T2 W SRR M 25 W YRR T A i 7
WH logP (I FITE 2~3 B 259 BAT I 22 )2 5
BRI PF 1Y logP {H 4-0.59, LB H /N, PF AHXT
Gy F N 480.462, 73T /N T 500, 47 F] T
i Bz BREEAS , (H R T logP (AN, 5 52 Rk AR 25 1
B2E, FEOUA G @ o f 2 . DRI e 63 i A2
BRI PP BBLE L &, BN Za YR AR
NEEL,

ARSI 505 308 3 (5 A DG SRS, e X A T
FeEii TMER SR 4 Rl RS R T 5 5. S
FESCHiR, RIS AR R ZRCB AR 92 590 R TR R A4
K 1%~5% , R0 FEAEIGX — B 755

BREEEREN, 5725 FUEB R I, 17E 4%t
A 3%IMBRVER T, X AL BRI A LB,
75 Jz R (P<0.05) , 78 Hofth B B 20 KR S 3
HIVEF o AT AR PE 259 B AR 25 A
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Effect of different penetration enhancers on percutaneous absorption of paeoniflorin in vitro
HU Yuankang'*,ZHONG Yuhong'?, LIU Zhidong'*, QT Dongli'*

(1. State Key Laboratory of Component-Based Chinese Medicine , Tianjin University of Traditional Chinese
Medicine , Tianjin 301617 ,China; 2. Engineering Research Center of Modern Chinese Medicine Discovery and
Preparation Technique ,Ministry of Education , Tianjin University of Traditional Chinese Medicine ,

Tianjin 301617 ,China)

Abstract: [Objective] To study the physical and chemical properties of paeoniflorin(PF) and the effects of peppermint
oil, eucalyptus oil, oleic acid,azone and four penetration enhancers on the percutaneous absorption of PF in PF gel
invitro. [Methods] The apparent solubility and oil-water partition coefficient of PF were determined by shake-flask
method, and the concentration of PE in rat skin was determined by HPLC, accumulation of PF and its permeation
rate through rat skin. [Results] The 7% peppermint oil,5% peppermint oil,4% eucalyptus oil and 3% oleic acid
could improve the transdermal absorption of PF gel, the order of enhancing permeability was 7% peppermint oil >5%
peppermint oil >4% eucalyptus oil >3% oleic acid. [Conclusion] The 7% peppermint oil was the best penetration

enhancer for PF gel.

Keywords: paconiflorin ; transdermal absorption ; penetration enhancer
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