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Effect of different penetration enhancers on percutaneous absorption of active
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Abstract: Objective To study the effect of different penetration enhancers on the percutaneous absorption of nine active components
in Shaofu Zhuyu Transdermal Patches (SZTP) across skin of mice and optimize the proper penetration enhancers in order to provide
the scientific basis for SZTP research, clinical medication, and reform of the traditional forms. Methods Using improved Franz
diffusion cells and taking isolated rat abdomen skins as transdermal barrier, the concentration of these components was determined by
UPLC-MS/MS, then the total factor scores of the concentrations at different time were calculated using PCA and employed instead of
the concentration to compute the cumulative amounts and steady fluxes. Results The results showed that compared to the control
group, the steady fluxes of the other groups increased significantly, and furthermore, 2.5% azone with 2.5% propylene glycol
manifested the best effect. The nine components could penetrate through skin well under the action of penetration enhancers.
Conclusion Azone and propylene glycol could significantly promote the percutaneous penetration effect of the nine active
components in SZTP, and it could provide a scientific basis for the preparation research of SZTP.

Key words: penetration enhancers; Shaofu Zhuyu Transdermal Patches; active components groups; transdermal delivery; UPLC-
TQ/MS/MS

FS BHEA: 2014-06-12

EEWE: EFXARFIAILEEBIE (30973885, 81373889); VLINA milk HARIL A EAILAF AN H (11KJA360002, 06KJA36022); YL
A T E A S AW H (BM2010576); VL7548 FLIL 5 7 G0H 2540 TR O @B H ;. VTR R 25 2 r= Ak
N CIROIE T ERWY 2 8 ey

EEE N PR (1990—), #, WULIFAE, BEF5 10k 2 7 S8 Rl . Tel: 18662947869  E-mail: hxc63hxc@126.com

«AEEE MM E-mail: sushulan@njutcm.edu.cn
Bt& B BE-mail: dja@njutcm.edu.cn



¢ &% Chinese Traditional and Herbal Drugs 285 45 % %5 218 20144E 11 A

* 3075 -

/D% )7 (Shaofu Zhuyu Decoction, SZD)
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ST A OB = i e . 1 N o i 7 -3
FIARFEFRIEBFIER T SZTP v 9 Fh 2% W %,
YA ANGE RSB FE M I O0E S B R A, A
SZTP IR bR A% Gt 7 23 SO Al — o
R 5 5% .

1 XEEH

ACQUITY™ UPLC HEBuiMl (il 24, %
Waters A7), Xevo' ™ TQ JFiili R4, 5[ Waters
AT TK—12D & 4 #olse i,  Figssilb: &7
AR T]; Startorius BT1250 HL TR, FRZAH)
Wikl A AL A AR EPED HEA0KHL, R
I G iSRRI A ] s TDL240B &0 L, |
M2 EREANIR

o RS A REE (TH, b5 111573-200503)+
INERS (CA, #t'5 110885-200102) K& TR (GA,
b5 110831-200302) 5 fl 2= 55 -3-O-F#6 J 1 (IN,
fit'5 111571-200402) . A2 N EEHF (AF, fit%5

110736-200833 ). FiZEFR(FA, #t 5 110773-200611),
SR 73 K5 = 98%, T 1 £ i 24 e A e AT
WS ST (PP). SEFHR 4 E (TP). PUAHE
MBI OB (TB), iU 7> 2035 =98%, L5 % H s
B, M T RAE A s 1, 2-I0 R,
iR A R A 2, filkal, Tedia
nil; R, fBikai, Merck AW BaiK, Al
ARG A o el

SPF 2% SD K, HEPE, fAFiE (220£10) g,
LA SRy o e fit, S4%0ES SCXK (#)
2008-0033 .

2 FEEHR
2.1 SZTP BMERLAYHI&

FREL SZTP 4175 Z5 ALKy 930.0 g, 4414 0-
I - - R -/ 1 - 11 R - 2T - S 2R -
T2 (3:1:2:1:05:2:1:3:1:1) Eeplfe
Eb, ZKFTZHRE 2 V0, 55 1 0 10 f5 Bk 2 h,
52 YOn 8 5 UK 1.5h, A9F 2 IR, K
G AR, KRR 95% CBE 28 75 i &K
80%, JE 24 h, JERYUIE, HCIERIKRDE R A2
o4 1.25g/mL, HIf3 SZD &M, ¥ FA. TH.
IN. AF. CA. GA. PP. TP. TB %354 0.56. 0.16.
0.19. 0.69. 3.70. 2.60. 0.17. 0.13. 0.19 mg/mL.
22 ZRHHE

SERHTE “2.17 TR ) SZD RE 240
mL, 778 6 AG IMAARFRMEBH]: TieBmd O
WA, S%EMIAH (4 1): 5%A FE4 (4 2);
2.5%%M +2.5% N EEA (4 3); 1%%A +4% A
Tl (A 45 A% A+ 1%N R4 (4 5).
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iR M R d1g], AR vE R Ie A EvERR, 5
AR T-20 CIRA17, &H. SLREPR KR T
37 CHERER KRR, K TC P 20 AT 7 o5 A0 A T2
b, R B IS AR SZD YR 0.5
mL, ORY B AL B R i 78 40 4 8 h, [
F20 A5 Ja Al K P I 5 R T-*,

2.4 RIMERE I

KA HEE X Franz § HOMIETE 5086, K5
IR0 EE Dy I ] i e O O 03 @
TN 7.5 mL 200, fEeaith i 3 mL fE45,
AR FE P b (3740.2) °C, BERERE 153 200
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PG 250 wL FEBCRAE I RF I, RN 70 56
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W EEH T

25 (RARFFWRIVE &

RIS 3 mL, 438 ik 6 24 SZD &

B FWOB 20% LEEEHL AR TR 37
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K% FR R 9 Bl B0 JRUA IS 5T 10 mL &=l
o, I EEARORE R 2P, WO R A0S B A
H:A# FA. TH. IN. AF. CA. GA. TP. PP. TB
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7 R IR RRRE Ji 7 AN TR TSR 52 150 T
TAEM .
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HEREAARN 2 ul; R 35 °C.
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Fig. 1 Representative MRM chromatograms of nine components in blank receptor solution (A),

blank receptor solution spiked with reference substances (B), and sample solution (C)



¢ &% Chinese Traditional and Herbal Drugs 285 45 % %5 218 20144E 11 A

» 3077 -

Wsg, kTR R & R% N RSD<
6.26%, HPEENER RSD<5.91%, “FH[RIE %
94.6%~106.3%, RSD<6.19%, BTGk,
29 EMEZSEER

OGS B AW, 13 000 r/min 250> 10 min J&5
B EiEREET UPLC-MS/MS K, DL s 1) o e
WRE (X, pg/mL) REEAAGR, WAL (YD) AL
FREATEPER U, 1S [RA R ETa R 3%
fFHELL (S/ND =10 THEA B 18 5B . 4551 FA:
Y=1.962 0 X—86.081,r=0.999 8, £k 1"t [ 0.052~
53.0 pg/mL, sEiEM 129 ng/mL; TH: Y=0.778 1 X—
30.844, r=0.999 3, ZVEVEH 0.114~29.3 ug/mL,
SEEPR 28.6 ng/mL; IN: Y=0.3952 X—35.185, r=
0.998 0, &Pkl 0.103~6.56 ug/mL, =R 12.8
ng/mL; AF: Y=1.638 5 X+58.013, r=0.999 8,

ZEMEVE R 0.030~7.69 pg/mL, EEIR 7.5 ng/mL;
CA: Y=43319 X+54.662, r=0.999 7, ZtjuH
0.036~2.34 pg/mL, EHEM 11.9 ng/mL; GA: Y=
0.390 8 X+107.67, r=0.997 8, ZM:I5H 0.036~
9.31 ug/mL, EEIR 8.64 ng/mL; TP: Y=533.76 X+
1376.2, r=0.997 3, Z&PEJEH 0.014~3.68 pg/mL,
SEPR 0.12 ng/mL; PP: Y=59.944 X4232.87, r=
0.999 8, Z:MEVu 0.012~2.92 pg/mL, &R 1.32
ng/mL; TB: Y=31.084 X+315.14, r=0.998 3, 4k
PEYE ] 0.014~3.56 pg/mL, &M 0.19 ng/mL.
210 HmHBP IS MNELS

FRUE TR AN R il 2 SR AG AN [F] N ) 25 Bl
YRR IE, SRR 1. HER VBT LA T,
ZHRGR BRI R, HHTSH D %=
FEROR, ARB A A R B S E - s A —, A

*1 BELFERESSEHSBRERE (X £s,n=3)
Table 1 Concentrations of each component at different time points in each group (X £s, n = 3)

JHRE / (pgmL)

gy Al
lh 2h 4h 6h 8h 10h 12h

FA  XHZ4  0.170+£0.036 0.883+0.232 2.390+0.570 3.5484+0.500 6.102+1.373 7.886+1.527 8.757+0.832
41 0.186+0.075 0.678%£0.044 1.271+0.119 1.727+0.227 2.223%£0.279 2.783+0.320 3.326%+0.230
42 0.510+0.101 1.265%+0.211 2.953+0.396 4.343+0.894 7.496%0.621 8.026%=1.135 8.583+1.140
43 0.423+0.016 1.130%£0.129 2.060+0.512 3.733+0.342 3.983%£0.485 4.931+0.160 5.840+0.300
4 4 0.587+0.174 1.563%£0.408 3.175+0.610 4.720+0.580 5.827%0.406 6.347+0.912 7.4771+0.268
45 0.108+0.016 0.435%£0.010 1.183+0.073 1.251+0.333 3.000£0.216 3.290%+0.463 3.6781+0.426

TH X4 0.042+£0.002 0.072+0.008 0.1234+0.012 0.08740.025 0.201+0.043 0.229+0.054 0.239+0.080
41 0.577£0.080 1.272%0.176 2.397+0.385 3.556+0.483 4.593%0.773 6.062+0.621 6.1841+0.638
42 0.070+0.018 0.128+£0.005 0.423+0.166 0.737+0.206 1.156%0.183 1.463+0.075 1.506+0.079
43 0.179£0.047 0.564%£0.002 1.917+0.171 2.736+£0.591 3.734%£0.504 4.533+0.581 4.787%0.775
4 4 0.177+0.021 0.702£0.006 1.491+0.196 2.535+0.158 3.095%£0.313 3.945+0.194 4.291x+0.217
Hs 0.071+0.010 0.144%0.029 0.354%+0.066 0.558+0.095 0.706%0.139 0.798+0.032 1.027%+0.077

IN XA 0.092+0.016 0.115+£0.023 0.175+0.018 0.2204+0.061 0.201+0.024 0.406+0.013 0.357+0.125
41 0.190+0.066 0.490%0.085 1.750%0.134 3.024+0.125 3.165%£0.205 4.512+0.466 4.415+0.271
M2 0.090+0.001 0.122+0.028 0.383+0.102 0.876+0.148 1.097%0.128 1.302+0.224 1.850%+0.074
43 0.152+0.014 0.394%0.134 1.563+0.154 2.435%0.114 3.264%0.599 3.702+0.424 3.823+0.299
4 4 0.141+0.019 0.365%£0.071 1.289+0.086 2.4421+0.232 3.435%0.287 3.544+0.211 3.9801+0.268
A5 0.097+0.007 0.163%£0.024 0.205+0.032 0.412+0.146 0.913%£0.206 1.420%+0.180 1.925+0.187

AF  XHEZ0 0.000+0.000 0.00040.000 0.0094+0.008 0.041+0.008 0.116+0.002 0.113+0.049 0.18610.064
41 0.046+0.317 0.704%£0.087 1.2284+0.119 1.432+0.094 2276+0.353 3.010X£0.143 3.745+0.274
42 0.028+0.005 0.052%£0.002 0.1824+0.040 0.522+0.060 0.681+0.081 0.976+0.075 1.0291+0.140
43 0.186+0.017 0.450%0.129 1.371+0.072 1.479+0.158 2.118+0.344 2.884+0.107 3.016x0.407
44 0.111£0.013  0.503£0.066 1.002+0.123 1.841+0.057 1.9534+0.201 2.061+0.132 2.281%£0.076
45 0.005x0.005 0.039£0.014 0.224+0.057 0.176+0.108 0.354%£0.109 0.5144+0.231 0.832%0.071
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CA XIHE4]  0.011£0.011 0.054+0.021 0.273+£0.086 0.401+0.065 0.673+0.185 0.9244+0.215 1.053+0.303
41 0.0401+0.013 0.082£0.020 0.199%0.043 0.315£0.047 0.741%£0.132 0.5754+0.092 0.507%0.161
72 0.0721+0.017 0.181£0.061 0.403%£0.120 0.832+0.085 0.907%£0.182 1.250+0.152 1.275£0.306
43 0.0514£0.011 0.171%0.049 0.427£0.070 0.703%£0.037 0.747£0.098 1.064+0.210 1.195%0.146
74 0.0971+0.027 0.241£0.090 0.669%+0.121 0.910%0.177 1.325%£0.116 1.4344+0.115 1.450£0.158
45 0.000+0.000 0.022£0.015 0.117£0.018 0.150%0.023 0.467£0.101 (0.5514+0.126 0.655£0.103

GA XfHe4]l  0.000+0.000 0.804+0.218 3.09440.767 4.258+0.712 8.468+0.911 10.181+1.508 10.325+1.482
H1 2.941£0.754 7.383%+1.000 12.394+1.770 15.859+1.808 20.249+2.516 22.945+3.289 23.121+1.467
42 1.269+0.265 2.777+£0.258  7.794+0.738 10.369+2.968 12.263+2.415 14.163+2.950 15.370+2.429
43 2.921+0.674 7.286+0.943 12.156+3.443 17.206+1.671 20.295+3.204 25.396+2.665 25.771+19.19
44 2.523+0.585 7.112+£1.002 11.072+3.955 18.324+1.023 20.564+2.057 21.131+2.683 20.703+2.439
45 0.109+0.007 1.438+0.361 4.338+0.808 6.342+0.971 11.298+1.716 13.663+2.083 15.919+2.457

TP XJHZH 0.000+£0.000 0.000£0.000 0.004+0.001 0.009+0.001 0.0224+0.006 0.031+0.006 0.041+0.005
711 0.002£0.001 0.012£0.003 0.030+0.004 0.046+0.011 0.073£0.004 0.078+0.013 0.085£0.010
412 0.000+0.000 0.002+0.001  0.00840.002 0.0194+0.003 0.02940.003 0.033+0.008 0.040%0.008
43 0.000+0.000 0.005+0.000 0.02240.003 0.036+0.004 0.0463+-0.009 0.061+0.006 0.073+0.005
/M 4 0.000£0.000 0.006%0.001 0.020+0.001 0.027+0.009 0.04240.008 0.051+0.006 0.056%0.005
H5 0.000£0.000 0.000£0.000 0.006+0.000 0.010+0.003 0.025+0.002 0.0334+0.002 0.043£0.001

PP X4 0.00020.000 0.000+0.000 0.0084+0.002 0.013+0.003 0.025+0.005 0.040+0.007 0.046%0.007
M1 0.015£0.002 0.04740.008 0.1234+0.015 0.1454+0.033 0.15940.015 0.306%+0.034 0.31540.032
712 0.001£0.000 0.004%0.002 0.024+0.004 0.041+0.006 0.054%+0.010 0.073+0.012 0.082+0.015
43 0.004+0.001 0.044+0.006 0.18740.013 0.2754+0.033 0.370%0.099 0.4734+0.089 0.580%0.039
/1 4 0.004£0.003 0.018%+0.004 0.061+0.004 0.128+0.016 0.164%0.015 0.162+0.016 0.220£0.030
45 0.001£0.000 0.003+0.001 0.0184+0.001 0.0254+0.007 0.06240.002 0.085+0.010 0.107%0.009

TB X4l 0.000£0.000 0.00040.000 0.023+0.009 0.060+0.005 0.177+0.026 0.263+0.030  0.322£0.026
41 0.012+0.005 0.095+£0.009 0.200+0.039 0.346+0.050 0.469+0.079 0.596+0.084 0.668+0.078
42 0.000+0.000 0.008+0.001 0.062+0.008 0.119+0.028 0.204+0.040 0.317+0.037 0.308+0.059
43 0.004+0.001 0.044+0.006 0.187+0.013 0.275+0.033 0.370+0.099 0.473+0.089 0.580+0.039
744 0.002+0.002 0.052+£0.010  0.190+0.017 0.282+0.051 0.397+0.042 0.417+0.031 0.458+0.066
45 0.000+0.000 0.002+0.000 0.04440.004 0.0934+0.012 0.1904+0.022 0.2584+0.016 0.314%0.020

PUELER MIEAN 173 1 2 25 i 2 K0 MU
BB S . B, s Ge vk AR
Wi, HEAT A 8T (PCAD, LAEMPFN R AR5

WA

Wy (F); (3) LLF AR, # Fait
BATHAR RABE R (Q):

n-1
Q=(VF,+Vo ) F)/A

i=1

211 FBHARBHNEEEZELRITM

WIS 3 AP IR 245 2 5 48 JBiEE TR
PR (1D @I AARANE B S5 K ] UPLC-MS/MS
VRN 9 F s o3 7 AN [R) IR [R] A5 1) SO B
(2) K PCA XA T B 4 Ab ], SRINRE J e it
U7 B 1) R M L TTERER, IR TE AN [R5

Fao FiWZ8 n ANFIEE | AR AU B, VOB BORARL (7.5
mL), Vo A EFREURERTR(0.25 mL), A B3 BuSiE R (2.92
cm?)

¥ Q XJITH) (O /EE], JFdHATAMS, T
BB RHAR (39, IFLL I RN KAWL B 711
5.
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2111 ERM R SRR DT o T SRR
)20 % B3 28 J2 1533 B, -l 9 Filpli o A
[ I T 7 ) SRR B EAT PCA, S5 LR 20tk
20050, 2B 1ANEF TR A 80.26%, Y 2 AN
THITTERE A 14.59%, AT 2 N1 25T R I
FT 94.84%, ULHAHT 2 A0 HR bR 5% i i G
FEM, BARAR T RG-S4 G a5 E, [t
% LA O M J R AR SR b 1) AR FE R
PR E O 2 AN R R 23t T I 3 4

x2 EROFEESIEHE
Table 2 Eigenvalues and contribution rate
of main components

g VI A

SR TR % BB ETRE /%
1 7.22 80.26 80.26
2 1.31 14.59 94.84
3 0.22 2.42 97.27
4 0.13 1.48 98.74
5 0.05 0.57 99.31
6 0.03 0.30 99.61
7 0.02 0.21 99.82
8 0.012 0.13 99.95
9 0.00 0.05 100.00

N e e S A

M TR (% BB ETRE /%
1’ 5.96 66.22 66.22
2! 2.58 28.62 94.84

2112 FilS FREH AT kb S R U6 A7 1R A G
KER, VLERG 7130 507 ZE vk sl il 2 il
KU, S AREHT F, SRS A Y R
W, ADNFE TR G VER, HAEE AR
F=0.6622F,+0.286 2 F,, %/ 5 & 4Ff
S AREI ) () F, BRSO 3,

2113 S{EBESHTERTBENE ¥k 3
BRI ) FARN R RERE Q, I Q
5t ATHA, SRGEDEE, R R R A
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Table 3 Scores of total factors in each group

E

lh 2h 4h 6h 8h 10h 12h
YR -0.82 —0.79 —0.68 —0.59 —0.35 —0.18 —-0.07
A1 -0.71 -041 0.07 046 091 138 153
M2 -0.79 -0.72 -0.50 -0.23 —-0.02 0.20 0.30
43 -0.74 -0.52 0.08 048 086 132 1.56
4 4 -0.74 -0.51 -0.08 041 076 090 1.06
45 -0.81 -0.78 —-0.63 —0.53 —-0.22 -0.03 0.18
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x4 TRBLREESY
Table 4 Permeation parameters of samples with
different penetration enhancers

4151 BIETTRE r’ Js
X A Y=03895X—29124 09842 03895
411 Y=1.0192X—28157 09880 1.0192
412 Y=0.5419X—2.8562  0.9893 0.5419
413 Y=1.0433X—2.9901 09873 1.0433
415 Y=0.8263X—2.6489 09811 0.8263
415 Y=0.4851X—3.0120 09916 04851
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