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Abstract: Objective To optimize the forming process of gel patch and explore the compatibility-synergistic mechanism of Aconiti
Radix-Zanthoxyli Pericarpium volatile oil gel patch. Methods According to the indexes of skin followability, disclosing ability, initial
adhesion and peeling degree, the substrate-property of eight commercially gel patches was evaluated. Then, with the comprehensive
sensory evaluation, initial adhesion, stickiness and peeling degree as the index, single factor experiment and mixture design experiment
were used to screen the proportion of matrix excipients of gel patch. Taking the number of acetic acid-induced writhing in mice as the
index, the drug loading of gel paste was screened by in vivo animal evaluation. In addition, the compatibility effect of Aconiti
Radix-Zanthoxyli Pericarpium volatile oil gel patch was studied by using formaldehyde-induced pain model and metabolomics.

Results Different brands of gel plaster had great difference in their skin followability, disclosing ability, initial adhesion and peeling
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degree. The initial adhesion and peel degree of gel patch had great influence on its disclosing ability and the greater the initial adhesion
and peel degree were, the worse disclosing ability was. The matrix of the Aconiti Radix gel patch was 3% polyacrylic acid sodium
NP700, 1.5% carboxymethyl cellulose sodium, 0.25% Carbomer, 0.06% crystalline aluminum chloride, 0.1% ethylenediamine tetra
acetic acid two sodium, 26% glycerol, 61.5% water, 4% diatomaceous earth, 0.15% tartaric acid; Drug dosage of each gel patch was
560 mg extracts of Aconiti Radix. Zanthoxyli Pericarpium olatile oil could enhance the analgesic effect of Aconiti Radix gel patch,
which might be mainly through glycerol phospholipid metabolism and linoleic acid metabolism. Conclusion To ensure better
adherence and disclosure of gel patch, the initial adhesive force of gel patch should be controlled between 7—18 balls and the peel
degree should be controlled between 0.03—0.97 kN/m. The Prepared Aconiti Radix gel patch has a good appearance, adhesion and
shape with a clear analgesic effect, and Zanthoxyli Pericarpium olatile oil can enhance analgesic effect of Aconiti Radix gel patch. This
study provides a basis for the development and application of new preparations for the external use in Aconiti Radix.

Key words: Aconiti Radix; gel patch; molding process; Zanthoxyli Pericarpium volatile oil; compatibility-synergistic mechanism; skin

followability; disclosing property; initial adhesion; holding power; peeling strength; mixture design; metabolomics; analgesia;

glycerophospholipid metabolism; linoleic acid metabolism
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*2 MERRWEERMENE (x£s,n=3)
Table 2 Results of substrate-property evaluation of eight

commercially gel patches (x £ s,n=3)

BB W WEH mER
N W GRE) (RNm)
1 10 2 21 2.53

2 10 4 29 0.97

3 8 10 14 0.03

4 10 2 21 1.73

5 10 4 20 0.97

6 10 10 15 0.25

7 8 10 7 0.10

8 8 10 10 0.07

9 10 6 18 0.23
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Table 3 Experimental factors and scope of mixture design

ARG 2 WA AR Y=321.007 45X PG FARS%
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B +159.288 31 X Hili &, P=0.000 1 (P<0.01),  FR 3.0 4.5 4.0 300 80.0
F4 BEEHXBRHRER (Xts,n=3)
Table 4 Experimental arrangement and results of mixture design (x s, n =3)
FAE/% Ay
2 OEXTH A 3 =
s ;Zf %g;;? R Hm K s REN B iﬁﬂff i iii_j wan R wEE
1 1.0 3.6 3.0 26.6 65.8 4 6 6 6 10 6 8 2 48
2 1.5 4.5 4.0 30.0 60.0 4 2 4 10 10 8 4 4 46
3 3.0 3.7 4.0 19.8 69.5 4 4 2 6 10 4 10 6 46
4 2.0 32 2.0 274 654 6 8 6 10 10 8 0 4 52
5 3.0 1.5 4.0 15.6 759 8 8 8 10 10 6 10 8 68
6 1.0 4.5 4.0 10.5 80.0 0 10 0 0 0 2 0 0 12
7 1.7 2.5 2.8 13.0 80.0 4 10 8 6 10 4 4 6 52
8 3.0 1.5 2.0 199 73.6 8 10 8 10 10 10 2 10 68
9 2.6 2.0 3.5 30.0 61.9 10 10 10 10 10 16 0 6 72
10 1.2 1.5 4.0 21.1 722 10 10 4 10 6 14 0 6 60
11 2.2 4.5 2.9 279 62.5 6 4 4 8 10 8 4 10 54
12 1.0 4.5 2.0 129 79.6 4 10 0 6 8 4 0 6 38
13 3.0 4.5 4.0 24.8 63.7 6 4 2 8 10 8 4 8 50
14 3.0 4.5 2.0 10.5 80.0 0 10 0 0 0 0 0 0 10
15 1.0 3.6 3.0 26.6 65.8 6 10 6 10 6 8 4 10 60
16 1.5 1.5 2.0 25.1 69.9 8 10 6 10 10 14 0 12 70
17 1.0 1.5 2.0 30.0 65.5 10 10 6 10 4 14 0 12 66
18 2.0 4.5 2.9 18.0 72.6 4 10 6 4 8 6 4 8 50
19 2.0 32 2.0 274 654 10 6 6 10 10 10 0 16 68
20 2.8 4.5 3.7 223 66.7 10 4 0 8 8 8 16 12 66
21 2.6 2.0 3.5 30.0 61.9 8 6 4 10 10 14 0 18 70
22 1.7 2.5 2.8 13.0 80.0 6 8 4 6 8 4 14 2 52
23 3.0 1.5 4.0 11.5 80.0 4 10 6 10 10 4 8 60
24 2.0 4.5 2.9 18.0 72.6 8 6 4 8 8 4 0 4 42
25 3.0 4.5 2.5 30.0 60.0 4 2 0 10 10 8 0 10 44
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Fig.1 Effect of NP-700 (A), CMC-Na (B) and diatomite (C) interaction on evaluation score

3.0%FE R IEFR N NP700. 1.5%% FHIELT4E K | 26.0%
il 61.5%K. R MLAAIAT 3 #IGIE, V7
WA 7812, TINME AN B SE 2 45 R L U,
AP, VBB ATEEME (R 5).

FEb, BTl B NG B AR 718 8 5 /K,
FIE RN (0.1940.02) kN/m, 5 R & 1)
VIR ISR E R (R 6).

2.6 HHAEMIFIE
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Table 5 Verification results of three batches of optimal combination (X + s, n=3)

R - \ — ISe N
offic W B 2 I8 B 1 S S AR 5 5 B Y& 71 F B
1 6 10 8 10 10 14 18 76
2 8 10 8 10 10 14 18 78
3 10 10 8 10 10 14 18 80
1 8 10 8 10 10 14 18 78

*6 mMEASREHTMN (xts,n=3)
Table 6 Quality revaluation of optimal combination (x £ s,
n=3)

e BHEME BB WED A
W WS (BB (Nm)

1 10 10 8 0.18

2 10 10 8 0.21

3 10 10 8 0.19
FI 10 10 8 0.19£0.02
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x7 BERAGIEER (Xts,n=98)
Table 7 Results of acetic acid writhing test (x + s, n=8)

21531 FHAR KL

ot R 35.00+3.03

FH 4 15.83£5.74"
41 22.83+2.86"#
42 24,83 4325
%3 19.67+1.63"44&&
B4 17.17 11,1744 &&

XA R "P<0.01; HRITEAHE: #P<0.01; 542514
Pz *4P<0.01; S5£752 Ak $4P<0.01
"*P < 0.01 vs control group; #P < 0.01 vs the positive group; 44P <

0.01 vs the administration group 1; 4P < 0.01 vs administration group 2

N 2% R, BB 35 5) . F IR R R 7 L
B, R E SR L WA ERIE AR
FRA, SRIGEEMANE WM, FENSHSE
i, WAIEL YA b, 40 CARIE TR )5 N o5 b5 %6
4%, VIR 14 ecmX 10 em, 43 511 4% B ) 1| 2 Bt A G 7
IS -AERHE R R NGB, & .

272 FEEURSK B30 FEREREE N, FEHL
I3RS L A3 AT IR AR (A5 BRI )
FHAEZH (M52 2 BRI D« NS4 O EE
BV NSG-AEMUE O -JEARTE R B MBS D -
- 2H /N UK A R R M B SR BTS84 d (6
em?/Mi), #FH 1k, K6 ho SLIFIZER 24 h,
BRxfHRZHA, HARSHE G — KRG kR /MR
TN KRR IER 1 h, SRJGAENRA G EHES sc
5% TR 20 uL, TR /N R TSR R Gt , T
STl W% 0~5 min A1 15~35 min 2 /M JE]
BE/NRER (I A5 J5 R R B, g5 Rk
8 Fine SRARYAARLL, )15 -JEARIE i i B I U

*8 HFENER IEEEHRS 1 AEEHRER (X,
n=26)
Table 8 Results of I phase pain (A) and II phase pain (B) in

formaldehyde-induced mice (x £ s, n=6)

45 1 AH IR /s 11 AH SR /s
ot R — —
1Y 92.99+15.88 317.26+31.56
FH 14 85.64+ 7.23 196.94+32.39*
N5 90.43+ 9.31 228.134+24.48™
N5 -TEHL 77.24+ 413744 111.834+15.30"44

SHERAE: "P<0.05 "P<0.01:; 5)iI&4lLE: **P<0.01
"P<0.05 *P<0.01vs model group; 4P < 0.01 vs Aconiti Radix group

RE S50 1 AE AR 2 2 IR A A2 I 8], 150 AR
FE I BT IIN B 3.3 B2 )1 5 45 Jd s 5 1 2 1k 4
JIER .. SEBAME, Frf s 2543 RE08 1525k
D T AR PRI (15~35 min)  PY G B 1]
Ut B T 25 245 A3 Re 8 A 80 /)N BR 4k 1k 28 9%
i (B . SIS, IINAEMUE & RE
BH R ol TT R o0 22 2 30 P9 () A2 BN ), 23 B AR
P I BTN T 3860000 ) 1 5 3 e I B v o7 1 P A e 1)
R gr b, )1 EER NGB T S H I ey 12k
PRI, IONAEREE A T e 3 5 1| 1 S8 Pl s 8 1) B
1EH .

273  MEFEARIESAE  FESUREEN R
FEM A G IR BRI M, A% B0 (4 C. 3500
r/min, 10 min), HX 100 uL JIA#F] 1.5 mL EP &,
AN AR 300 ul, JRAT, 8, B ETEWR 200
ul, HEMRAIRT, 4 CRAE. IGHFTIIA 500 pL
I, MR, 4 CTFAEC (12000 r/min,
10 min), HU BiE, &H.

2.7.4 LC-MS/MS-IT-TOF #& #ll X Waters
XBridge® Cis taifFE (100 mmX2.1 mm, 3.5 um);
RN 40 °C, AR EN 1 mL/min, HFEEH 10
ul, FERREN 4 °Cs WARBEBLAAT:: sl
0.1% T RI/KIER- L0, BARBEHAEF: 0~5 min,
5%~10%Zf%; 5~10 min, 10%~20%ZJE; 10~
15 min, 20%~35%Zff: 15~20 min, 30%~50%
ONE; 20~25 min, 50%~70%ZfE; 25~30 min,
70%~85%Z it : 30~35 min, 85%~95%Z.fiE; 35~
40 min, 95%ZJiE; 40~42 min, 95%~5%ZMi%;
42~45 min, 5% M.

B skAr: BBy (£) ESL HA#E Ry
m/z 100~1 000; &FJRHE 4.5 kV; FARE
1.5 L/min; TS (N2) 100 kPa; i ia 730w
200 C; EFZEBUNE: 30 ms; CID fEE: 50%;:
a4 HLE 1.80~2.10 kVo
275 JTEREFEE WA MTE A
B 10 pL ¥R 215133 QC ¥4 (quality control), ¥
GIHERERT, s 6 £ QC FEAR, PSR, IE.
TR TR R 6 MRS EE 1 4F QC FEAS, W
WAL E BRI E N
2.7.6  SEIRECHEALEE K B IUAC I 4H S A R
Profiling solution #f4i3F4T £ TAL R, a0 iR
Al XPE. 3405, PR S N SIMCA-P13.0
WA, WA JE 34T 5 0 AT (principal component



- 1524 - ¢S

Chinese Traditional and Herbal Drugs

FES51% Fol 20004£3 A

analysis, PCA) M/ —3eyk-H5) (partial least
squares-discriminate analysis, PLS-DA) 7#7. i&H
AR5 (variable influence in the projection,
VIP) 72K T & Hedl o 8 i STk, VIP>
1 U EA R, Aot X, N RERE
TEbR W) o FE— 25 SPSS 21.0 #fF(3E[E IBM
AFE]D R T EAR BT SR 2R T 20
¢ K5, LLP<<0.05, FC>2 5 FC<<0.5 N5
B EFAREMWI, &5 Human Metabolome
Database (HMDB) # Kyoto Encyclopedia of Genes
and Genomes (KEEG) ##f 5+t 17 ULAC .
277 SEERER

(O AR LR Hr: K LC-MS/MS-IT-
TOF 77353 A1 %% 4/ BRUMLTE AU 284k, FEA
KA IE B2 2 A 2 T3 Mo & 7 (TIC)
AT LVE A& A e AR Y & B — EE R
(B 2). N T 3RGxBS R 2H 2 ] (AR 22 e

A

20

10 -8
/ e ‘
) 1 (/ |

S 0 (\\

-30 -10 10 30

KHZ gt o i nEsAT 734 . JTC B K PCA 13
ISR, ARG ARy 2 2K, WG
BEZ )5, 2 /N BRTE A I AR YA AR 25 72
5, QC FEARREE RIF, W HHZAIN R SR8 E W 5,
IS Z R RE IR A R R B 2 22 5% (B 3D,

N — D VAN AR AT ) 1 Bk F I 8 245 2%

®» o0 QA0

a-XTHRAH b-HIMYAH c-BAPEA d-)ISH e )| E-{EMA
a-control group b-model group c-positive group d-Aconiti Radix

group  e-Aconiti Radix-Zanthoxyli Pericarpium volatile oil group

2 PRIMBEHARBEFRE
Fig.2 TIC graph of mouse serum sample

20

-20 S R4l

A-IEH TR B AR
A-positive ion mode B-negative ion mode
3 PMRILEREHIE PCA TS E

Fig. 3 PCA score of serum metabolites in mice

FIsZm, XEXTHEZH . ARAYZH . PR, IS4, )i
5 AEMUH 3T B PLS-DA 0 (B 4). fEIEE
TR E AT, BN RS R/ R i
REECERA R, AT ISR/ R ISR
WEC ER S AR A B B ZE 7)) . PLS-DA & g 1B
MFASERY, SEAR T St Bk g,
#E4T T Permutation 36iiF, IF& T 20, R¥*=0.928,
RyY=0.985, 0*=0.856; fiZ T\ R¥=0.776,
R¥=0.954, 0*=0.796, Vi AA K 4 1 T
VAR

(2) R Z= b EYTRIE SEs o ENE
WEKZ T %, PLS- DA figit—$H X 0%

Pz, Rl VIP #AVELE AW 9.
Rif SIMCA-P 13.0 3K X} seia ¥ #1447 PLS-DA
AT, SRR IS S S 2 [A] O% R
B, ZER S VIP>1, | p(corr) | >0.58 {48
&, WUCNEBEREAEMREY (BS5. 6).
FEBE— 25 N SPSS 21.0 (3 [F IBM A )
X0 326 HH (078 TE b 5 AR AT VB E SRR 36 5 22 43 i R
tFEE, BL P<<0.05, FC>2 8 FC<0.5 N5 H
ZR AR . A RIEES TR IS E N 28
ANEMFRED), BT ARG 2 R A
P, AR 9. Hob, AFEAREWIFERLEL H FT G B
(s b PREGET(A]. bR EWFI. REME LIS
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Fig. 4 PLS-DA score chart and Permutation verification

/NI S B AR S R (PR SRR A
P, ROk AR G 2R =) . fERT % e i
28 NMEWINRENH, W KB, TR AR
PRIk R . BEARIE CWERG . ABEERG . JRFT. WEARDE
AEBR . A MBEAR . ALPEMAEG . TNEER . BEERAH
TR Vol 1l A R A B S5 A RS ot
3 g

AR, BHURWSE VN T A5 e ea T
Z oM, ERAELERR o I, & FhE AR bR
Z AR Z AR . MSRIREE BT LA 1, fE—EiE
BB, BRI SR I3 A ERGELE, JBREYE LT,
GRS AL S S oL A SR S 5 a1 (A C
FIBS R . (A LAWIZE ) 5 R B B N Tabs, 1R AE
I 1 SRS R AT A&, Bk, A
FUE Sert BB NGE FIERE T BT, YR
KRB EHAT T HIY, HE BRI E YIRS
FISERMIEE, LIS EbR, RIE)1 2 &R
W8 B LT R T B

G R4 2 R R AR 1 2 7 S IR 2 4
IR . SR B s — AN R, 259

B R R SO AR SRR A S Fick 3K
SEAE, HIRFERSEDEOR, ¥ Hodsioc!s, Fit,
MR 28 J 25 24538 e WSO B, B WG 8 1R 3k 2 &
K AR SRS Bt e, AT TG 259 () 24
w4, RGNE R SIS TR B AT, AJGVE IR RL,
BRI, Bl e ) SE 8 A 5 B SEAE AT AE — €
72, PRICASEES R FER SRR ik 42 &2 . BEIR
AR SRIGEE SRR, )1 &R B R A A
RPERAEIN— B, USRS
B, BEIRARSBETRE. K658, mAHES
T 1) = 8 e s 7B 4k 2 52 560 mg )1 2 EXA)
I SR A A 2 LAY () 18 P R, IR L 42
TIRMImRR I, #)2 H TR imig!l,
‘BT DU OS82 T A (0~35 min) J&
FH T R B 3 sz 2 P AR M A e, Bl S 2
R (5~15 min), 2 I AH (15~35 min) 2Rk
THUBIE IR AL, A P T A S B4 28 T 7% Bh B
i FPRR P 28 2R SRR DA S SORE R (1) 9 RE P R 9%
ISl AW FUAE H R SO AR Y (A b, SR TS
AU ZH 7 D7 VR R FUACAREE A I O AT ) 1| % B R I 7 14
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Fig. 5 PCA of different administration groups (1) and S-plot of different compounds (2) under positive ion mode
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Fig. 6 PCA of different administration groups (1) and S-plot of different compounds (2) under negative ion mode
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Table 9 Twenty-eight potential biomarker information related to formaldehyde induced pain model in positive ion mode

75 Bl mw/min &Y s A(X107°) SPHEZH FEVEZ )12 )15 -TERa
1 318.30 18.996 phytosphingosine CisH39NO3 -0.72 [ L v
2 806.57 31.292 PC (22:6 (42,72,102,13Z,16Z,192)/16:0) CasHsiNOsP 2.02 Pt ! |
3 780.55 33.266 PC (22:5(72,10Z,132,16Z,192)/14:0) C44H79NOsP —-0.15 T | |
4 782.56 31.073 PC (22:4 (7Z,10Z,13Z,162)/14:0) C44Hs1NOsP 6.43 Pt t '

5 568.34 28.621 LysoPC (22:6 (42,72,102,132,16Z,19Z)) C30H51NO7P 2.23 P p o o
6 570.36 31.179 LysoPC (22:5 (72,10Z,13Z,16Z,19Z))  C3Hs3sNO7P —-4.18 t por ] §
7 544.34 29.022 LysoPC (20:4 (82,112,14Z,172)) C2sHs1NO7P 4.16 1 t t t
8 546.36 23.757 LysoPC (20:3 (82,11Z,14%)) C2sHs3NO7P 0.40 U t o
9 524.37 22.442 LysoPC (18:0) C26HssNO7P —6.36 T | '
10 806.57 29.648 lactosylceramide (d18:1/12:0) C42H79NO13 —-4.57 o | Ve
11 176.10 28.753 citrulline CeHi13N303 4.38 Vo i t
12 274.27 25.732 C16 sphinganine Ci6H3sNO2 8.25 t ' o '
13 496.34 29.161 1-palmitoyllysophosphatidylcholine C24H51NO7P -3.70 [ v po
14 520.34 27.537 1-linoleoylglycerophosphocholine C26H51NO7P -3.72 [ t t
15 311.22 36.744 13(S)-HpOTrE CisH3004 —-0.69 I ! ! |
16 302.31 33.864 sphinganine CisH3oNO: -0.81 | LA B i o
17 249.16 8.081 pindolol C14H20N202 3.04 1 | | T |
18 256.26 38.308 palmitic amide Ci6H33NO —-0.43 I Ve Ve !
19 31698 1.98 lythidathion C7H13N204PS3 7.54 1 t t t
20 504.31 28.844 LysoPE (0:0/20:3 (112,14Z,17%)) C25sHa6NO7P —4.24 [ § t#
21 435.17 17.918 cis-(Z)-flupenthixol C23H25F3N20S 2.87 1 ' p o o
22 549.41 37.424 cholesteryl beta-D-glucoside C33Hs60s6 4.68 LR t t
23 406.36 40.453 aminopentol C22H47NOs -6.41 Vg v v
24 245.08 2.056 uridine CoH12N206 5.38 1 t p o t
25 381.3 31.488 MG (0:0/20:3 (112,142,172)/0:0) C23H4004 6.41 [ | # |
26 56729 16.085 mesoporphyrin IX C34H38N404 3.68 | ' t o
27 42521 27.848 didrovaltratum C22H320s 4.94 I t p o o
28 261.03 1.865 cyclophosphamide C/HisCbN2O2P 2,68 | ' t o

7 RREERIE, V7 RS REBK, SEAALE: TP<0.01; SXIRALLE. #P<0.01; “A” LR TREIRE

“1” means the content is increased, “|” means the content is decreased vs the model group, **P < 0.01; #*P < 0.01 vs the normal group; “A” means error of

relative molecular mass

F10 RBHEESAESLE

Table 10 Summary of metabolic pathway analysis

piihS WE Y HE HHEEE A P1H Holm % FDR AL
B g A 21 0.133 380 2 0.007 077 0.580 290 0.580290 0
Hrn i AR A 30 0.190 540 2 0.014 228 1 0.583370  0.183 330
O R AR 6 0.038 109 1 0.037 574 1 1 0
o ER AR U 9 0.057 163 1 0.055 886 1 1 0
T A VY B A 36 0.228 650 1 0.207 270 1 1 0
MEERA A4 68 0.431 900 1 0.358 460 1 1 0.050 070
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