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Abstract: Objective To optimize the matrix formulation for Shaofu Zhuyu Cataplasm (SZC) by Plackett-Burman design combined
with Box-Behnken response surface method and study its transdermal permeation properties in vitro. Methods In this paper, the
appearance description, initial bonding strength, endurance bonding strength, and peel strength were taken as indexes. Based on the
result of a single factor experiment, the formula for the SZC was optimized by Plackett-Burman combined with Box-Behnken method.
Franz diffusing cells method was chosen to investigate the tansdermal infiltration capacity of SZC with different dosage penetration
enhancers of azone in vitro, taking ferulic acid, paeoniflorin, isorhamnetin-3-O-neohesperidin, and typhaneoside as index components.
Results NP-700, tartaric acid and kaolin had significant effects on the properties of SZC. The optimal ratio of the prescription was as
follows: NP-700-tartaric acid-kaolin (2.42 : 0.16 : 0.96). The promoting effect of 3% concentration for index component was better,
and the transdermal rates of ferulic acid, paeoniflorin, isorhamnetin-3-O-neohesperidin, and typhaneoside were 6.889 4,1.917 4, 0.852 0,

and 0.893 7 pg/(cm*h), respectively. Conclusion The SZC was uniform, without residual behavior in application. And it had a good
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release and transdermal properties, and transdermal actions were consistent with zero-order kinetics.

Key words: Shaofu Zhuyu Cataplasm; Plackett-Burman; Box-Behnken; azone; transdermal absorption; ferulic acid; paeoniflorin;

isorhamnetin-3-O-neohesperidin; typhaneoside
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B “WHRAME” IR, X570 E 4% M4,
AR T 25201 R D), A S2i6 R A Plackett-Burman
Wit (PBD) M A e xof Fo A e R ma 5 3 1 IR 3%,
£ E A M A Box-Behnken % 11 - M) B TH] v
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Viscomate™ NP-700, WA Tk o, H
MW, BERNAUTHRAR: HEE, REREL
TAHRAF; KB 940, JiEYsRi@ib THIRAR;
AR, ERIARMTHERAR; @ikt, RigH
PEEWARFA s B, Rl A RAR . 5
BB AT 251 (IS 110736-201640, Ji & 70 %
95.2%). FiEERE ('S5 110773-201614, JiE/4k
99.0%) FRMER-3-0-HEEZH (it 111571-
201508, B/ %93.2%), FiHH (S 111573-
201606, FiE4r%097.0%), 1 [E A2 e 7R
Bis WHZGIRE, swie=EAEml ditkK. REIRN
B, RFER 18~22 g, HHEE T A 25 HF 78 e S2 36 50
YrpdRAt, SFES N SCXK (i) 2017-0002.
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WAL T B R 940, InAZifbK, BUE

WAL Fe 43I, VB A A 53 HRUAG 75 & 1K) NP-700-
B, mi LIRS, FICH AR, Hidk 10
min, 1E4 B #; BUNARREMET 1 g/KH, fERC
Mo ¥ A MZZEMINAN B A, BT, A C
ML HZEREY, BEEEYS), RESLSAA T
gifi b, T30 CHAETIE 24 h BIF5.
22 BRI EFNFEM A EREL

CAANPEAR . WI%E A %0 0 R0 s o g &
Giabr, BT SZC Wb ik . HEEA =50
PEAR 73 50X 0.4+ W% 157 X 0.2+ F5 5 )1 70 Hu X
0.2+ 1B 3 < 0.2, bR ARG I 75 1540 3
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221 ASPERIESUC SEERVE D R AR TS
BB, WREE. S EBHE. BRE M.
FERIB A PE R RIGEE, B0 S 2, it 30 45
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AR e IX 3 A5 3 R 20— 2 il o
(TR

#*1 PBD XWiIRITESH
Table 1 Experimental design and results of PBD

75 Alg Blg Clg D/g E/g Flg LREVEA
1 1.00 (-1) 3.50 (+1) 0.15 (1) 16.00 (+1) 0.16 (+1) 0.50 (-1 63
2 2.60 (+1) 1.60 (-1) 0.25 (+1) 16.00 0.16 0.50 88
3 1.00 3.50 0.25 12.00 (~1) 0.16 1.50 (+1) 25
4 2.60 1.60 0.15 12.00 0.12 (1) 0.50 54
5 2.60 3.50 0.15 12.00 0.12 1.50 27
6 2.60 3.50 0.25 12.00 0.12 0.50 40
7 2.60 3.50 0.15 16.00 0.16 1.50 45
8 2.60 1.60 0.15 12.00 0.16 0.50 95
9 1.00 1.60 0.25 12.00 0.16 1.50 67

10 1.00 1.60 0.15 16.00 0.12 1.50 50
11 1.00 3.50 0.25 16.00 0.12 0.50 23
12 2.60 1.60 0.25 16.00 0.12 1.50 42

2.4 BBD-RSM i {L3258

2.4.1 BBD-RSM =51t #R#E BBD-RSM 5256
SR E LB R BN EER RN
NP-700. WAER. mil& 1. %+ NP-700 H& (A).
FARAE (B). mktHE (C) NEZE, U
B M E IR AN LR 23 2 (YD~ WIS 8 (Vo)
FERI 8 (Y. FERESE (Yo AT
(Y) A NAE#E4T BBD. K H Design-Expert 8.0 3%
PR HRRE, HRREEKSKF LB &4 R I
* 3.

&2 PBD AES
Table 2 Variance analysis of PBD

S 5 0 H F 14 P

7Y 5701.83 6 16.78 0.003 6
A 252.08 1 4.45 0.088 6
B 2 494.08 1 44.05 0.001 2
C 200.08 1 3.53 0.1189
D 0.75 1 0.01 0.912 8
E 1 800.75 1 31.81 0.002 4
F 954.08 1 16.85 0.009 3

%3 Box-Behnken LWiFitHRELWLE

Table 3 Experimental results of Box-Behnken

F5 Alg B/g Clg w nh v Y, Y
1 1.60(-1) 0.12(-1) 1.00(0) 91 79 74 70 81
2 3.50(+1) 0.12 1.00 77 64 67 60 69
3 1.60 0.16 (+1) 1.00 100 76 72 62 82
4 3.50 0.16 1.00 86 76 75 67 78
5 1.60 0.14(0) 0.50(-1) 85 100 68 62 80
6 3.50 0.14 0.50 73 65 66 58 67
7 1.60 0.14 1.50(+1) 81 74 69 70 75
8 3.50 0.14 1.50 72 75 68 63 70
9 2.55(0) 0.12 0.50 83 79 100 60 81

10 2.55 0.16 0.50 82 76 80 100 84
11 2.55 0.12 1.50 80 74 72 79 77
12 2.55 0.16 1.50 93 76 70 78 82
13 2.55 0.14 1.00 88 83 85 86 86
14 255 0.14 1.00 94 86 82 84 88
15 2.55 0.14 1.00 95 90 81 84 89
16 2.55 0.14 1.00 88 82 86 76 84
17 2.55 0.14 1.00 94 87 86 84 89
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Table 4 Variance analysis of quadratic regression

TERE O CFHM BAmE FH P1H
it 709.96 9 25.33 0.000 2
A 144.50 1 46.40 0.000 3
B 40.50 1 13.00 0.008 7
C 8.00 1 2.57 0.153 0
AB 16.00 1 5.14 0.035 7
AC 16.00 1 5.14 0.247 8
BC 1.00 1 0.32 0.047 6
A? 329.78 1 105.89  <0.000 1
B’ 3.04 1 0.98 03559
c? 120.52 1 38.70 0.000 4
W% 21.80 7

AU 3.00 3 0.21 0.8829
HHRZE 18.80 4

MEZE 731.76 16

r 0.985 0

2.07

1 A, B#CIERRMEM

BE 2 M AN S T B AN =5 4 B

Fig.1 Response surface map and contour plots of multiple effects of A, B, and C on SZC property
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TR, WRRLZOAEHBREE, B%EmLEnTL
Eith, AB. BC A BAEHEE . PAmaNAE KA
oAb Hbrit BRI AL Ty, 19 B b T % R
A=2.42, B=0.16, C=0.96, El NP-7002.42 g. i
FER 0.16 g« =R+ 0.96 g.

244 WAL IR TS 3 LR
B, WE&nifabs, HiESs. SGREY, Dk
PR T7 1) 2% PR N B VWS- HE S o 3 P 4
Sy TR0 HICHR B, SEgs R 5.

245 WTEHAENFR  AUAEMRIE LT
e b, XF SZC Wi KE A AT 752, R0
* 6. iAKW, BIRIEERAELE 10%~30%H
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Table 5  Verification of Box-Behnken design-response
A
surface method 1 ‘ 3
Jpl ||. .'n\.f\ T
ﬁ%—' Y, Y, Y; Y, Y 1 .................
1 94 90 88 86 90.4 | | 2
2 95 92 8 88 91.2 B ||u'ﬁ | ‘A
ﬂ 3 A
3 96 88 89 86 91.0 ] k‘JL,nJ kq'u.j\ (N o
F6 HAMEMER
Table 6 Investigation on drug loading of SZC C
B/ % Y, Y, Ys Y, Y
10 95 90 88 86 90.8 0 > 10 15 20 2
t/min
15 94 89 86 82 89.0 . N ) . )
IAEH 2-FUERIR 3-R R R-3-0-FBEH  4-FHHT
30 89 87 85 81 86.2 1-paeoniflorin ~ 2-ferulic acid 3-isorhamnetin-3-O-neohesperidin
40 82 88 79 74 81.0 4-typhaneoside
50 75 76 75 70 742 2 REWMBERIAR A). HXmER B). BiEER (©)

PEREBONTRE, UE A I 30%, TEREFFAG &
N, BrRAERZ RN E N 30%.

25 EEMNEREHEL

251 HHAMERBISIE  RERBUERE R 2.0
g, BT HEHVMY, HEBRDTE 20 mL, #E
JRE, A 25 min, fMNERKRIRE, 55, M,
HR SRy BRI 15

252 PHESIERIGEIEE o Bk B AR H R BRI
ATUH . RRER3-O-FHB LT HEHTEE,
FH RIS A 53 ) i B 2 P BERR 197.8 pg/mL AT H
108.34 pg/mL. 5 B 2 & -3-0-# & K H 1579
pg/mL. FIHHTH 168.4 pg/mL R A X I LA
HIFE

253 (a4 Ulimate XB-Cjg oA (250 mm X
4.6 mm, 5um); VishAHA FHEE-0.05% B K IE W,
FEEEBEMG: 0~25 min, 15%~45%H 8, AR E
1 mL/min; #IU%K 235 nm; FEiR 40 C; Likfn
WA, S EERE, OiEEINE 2.
254 MK RFLE O “2.527 WURNRA XA
G S, R0 Sl F R 1 3R 1 Jo R FE VR 6 0t
MR, HRBERER 4> M 6,18 12.36. 24.93,
49.05. 98.90. 197.80 pg/mL, AJZjH 4514 3.39.
6.77+ 13.54. 27.08. 54.17. 108.34 ng/mL, 7+ %
K-3-0-H B N 4.94. 9.87. 19.74. 39.48. 78.97.
157.94 pg/mL, & iEHH N 5.26.10.53.21.05.42.10.
84.20. 168.40 pg/mL. A% HL IR TR G % HEL it v
W10 uL, BERE, 4% “2.5.37 IR ORI E g

#J HPLC

Fig. 2 HPLC of mixed reference substances (A), samples
(B), and negative samples (C)

A DA T AR (V) SRR Bk E (X0
HATEAE RN, 1FEETFE: FIZERR Y=36 340 X—
17 080, »=0.999 6, 7 6.18~197.80 pg/mL & R 1f
R FR AT Y=16226 X—19 144,r=0.999 9,
7 3.39~108.34 pg/mL 2 RIFLMHERR; FREFER-
3-0-FE R AF Y=15272 X—11 124, r=0.999 8, {E
4.94~157.94 pgmL 2 RIFEMERXR; HFoT
Y=10997 X—2 457.7, r=0.999 9, {E 5.26~168.40
pg/mL 2 RIEFLMERR.

255 REEPERLS IR “2.5.37 TNk A,
53 A IR ] — o R VR (BRI . AT 2457
T AR -3-0-FHE J . A B i SR 0o
98.90. 54.17. 78.97. 84.20 ug/mL) 10 pL, EL:HE
FE6 IR, dskUEMA, SRR, A4, 7R
BR-3-0- WM RCE . AR RSD 437
N 031%-. 0.72%. 0.41%- 0.75%, WL ESK5%
& RAF,

2.5.6 FaEtEES  REERIL “2.5.17 TR 7 VA
BRI, FRI8 2537 TURAN I GI% 4
£F 0. 4. 6. 8. 10, 12, 24 h FERENIE, 03¢k
M. SRR AT 7R R-3-0-8E K
. B IETHEAR) RSD 437N 0.94%. 0.91%-
1.09%-+ 0.98%, FRIAHLFIAAE 24 h NEE .
2.5.7 BRI “2.5.17 TR 7k
R IA, B EEWR 6, &M “2.537 T
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T AH R () 2 A A R R SRV AR T T
B8 ARBEIR. ATAE . FRER3-0-9
FeE . B ESE RSD 438 1.28%.
1.03%- 1.36%-. 1.05%, & BIHEI 5 i ) % 77 72
HEMRLT,

2.5.8 fOFEEIUSCEALS A BIEUA S 6 1, FEEFR
5Es ARG EIINFTEEER (0.038 mg/mL). AjZ5F
(0.43 mg/mL). R RZFER-3-0-HEKEH (0.076
mg/mL) . FFHTTE (0.11 mg/mL) Y& X IR SA i,
FHR “2.5.17 TR 7 iE ] & A RV, HEREI
RSB, AT25H. FRER-3-0-9 L1,
B T T2 TSR 73518 100.76%(RSD 1.17%)+
99.3% (RSD 0.95%). 100.25% (RSD 1.26%)
101.28% (RSD 1.02%); &5 SR FE % T7 1L #ER A FE
2.6 {RIMERRI

2.6.1  AN[E H ARSI R WG E Hl % 1%
“217 F “2437 WUF L RATT, o5l & A&
BEARIE 1% 2% 3% 4% 5% % R NG &
%H.

2.6.2 BERKEEERIHS  FH 8% NaS it %
INRIEEEIER, 24 h JE¥/NRALTE, RIBSIEE L
Wk, ZeiR N R KA, FAEERER KPR,

| ——Fmmm A
—— 1% %
e 2%
120 3%
—— 4% Z
80 = =t 5%

160 —

Ou/(ugem™)

40

MK, TUKFABIRAT, S50 HT H IR
2.6.3 &SRO o 92627 MR E T
Bt b i SR 2 8], 2 H A kA, HE
HOE, HE A AR =R R N B R T
Y b, A BN K, KRR N 32 C,
W S35 B 200 m/min. 4350 F 24 4. 6. 8. 12,
24 h, BB 2 mL, R a Rt b 4
T R AT B R BRI B . B BRI R4S 0.45
um FFLIERE IR S E S E . AR 0,=
(Vi Cy FEC, -V w)lA (Vi N Bt =468, C,
NEE n ANBURE SR SR 2R IR E, G
A n—1 NEORE AUIAS IO 2 R IR
VOREUFERTR, A BE A THE A AR R AR
BiEE (Q). VLot KB, SRWE 3, ¥ o,%t
t HEATIENE, BATHE . AR, . 7R
ZER-5-O-Fi B [ Frk s & i th 2k W3R 7. AT
FA BRSBTS Pl 22 o A A28 R IR
WCIISEI , NSRBI, ARANE BEEE () K/
IR RATE T > P ER > 57 B R -3-0- 8 16
H>FWFrtr, 2508 3.511 3. 1.0384. 0.717 4.
0.675 1 pg/(cm™h). 5 AX0%UER AT HEZH (19375 52 Wl
L, fRBFIE A T g J, H 4 Fipksr

50 R 251 7

40 -

F R A R-3-0- 9

t/h

3 4MEREASETRRESHEMRETITH 0, HiLk

Fig. 3 In vitro accumulative release-time curves of different transdermal enhancers to four kinds of monomer component



* 4290

¢ £#% Chinese Traditional and Herbal Drugs

H49% F 18 201849 A

x7 AFRRESBREMAERRMERI 0, REMUS

Table 7 Model fitting equation of cumulative penetration rate time in vitro with different dosage of azone

R/ % EiEp ;P RRBIE TR r ER Ji(ug-em >h "

— AJPH 0,=3.5113¢—1.0073 0.996 35113
Rl R R 0,=1.0384t—1.013 0.998 1.038 4

BT 0,=0.67511t—0.882 0.998 0.675 1

S RER3-0-F T 0,=0.717 4 t—0.603 1 0.997 0.717 4

1 AP 0,=4.89041—0.1311 0.994 1.393 4.890 4
R B0 1R 0,=1.7055t—1.627 1 0.996 1.642 1.705 5

BT 0,=0.757 8 t—0.534 0.990 1.123 0.757 8

S RER-S-O-FE 0,=0.8551¢—0.2253 0.992 1.192 0.855 1

2 AjEGTH 0,=5.909 1 t—3.987 2 0.995 1.683 5.909 1
R 3R 1R 0,=1.8778¢t—1.7789 0.996 1.808 1.878 8

B 0,=0.8226¢t—0.157 1 0.991 1.218 0.822 6

S RER3-0-F T 0,=0.863 6 t—0.253 7 0.990 1.204 0.863 6

3 AP 0,=6.88941—3.689 5 0.995 1.962 6.889 4
R B0 1R 0,=19174t—0.712 4 0.997 1.846 19174

BT 0,=0.8520¢—1.0729 0.990 1.262 0.8520
FRER3-0-F T 0,=0.893 7t+0.115 3 0.994 1.246 0.893 7

4 AP 0,=6.39661—0.740 5 0.997 1.822 6.396 6
R B0 1R 0,=1.6942t—1.708 8 0.998 1.632 1.694 2

BT 0,=0.9349t—0.062 3 0.991 1.385 0.939 4

S RER3-0-FE T 0,=0.899 9 t—0.082 0.990 1.290 0.899 9

5 ISEZiREs 0,=5.801 8¢40.511 0 0.994 1.652 5.801 8
R B 1R 0,=1.6090¢—1.708 8 0.996 1.549 1.609 0

BT 0,=0.8706t—0.649 8 0.997 1.329 0.870 6

S RER3-0-F T 0,=0.87441t—0.308 6 0.991 1.219 0.874 4

L G AT 25 AR B RR R B R B .
B BN 1%~ 5% AT 251 BIEEIR . = M2 %-
3-O-HPE 1 AT PR R85 (ER) 43
BN 1393, 1.642. 1.123. 1.192; 1.683. 1.808.
1.218. 1.204; 1.962. 1.846. 1.262. 1.246; 1.822.
1.632. 1.385. 1.290; 1.652. 1.549. 1.329. 1.219.
BIEBIERBEA —EMEIOCR, LikE—En
BB, R BIPEIEA . %R = ECh
KT 3%MF, A5 241 FIRH B R 12 120 2 U477 0 i)
WE, REFHEAREEE N REER. Y%
i B BN 3% 4%I, TR R-3-0-HE LA
AR J M EAKR, FIiEF R H &
3% A
3 itig
31 RAFIFHNEMLK
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