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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

ks BHEA: 2019-10-09

EEWE: )N PEXHEERPEHRFIE T (2018QN008); VU114 H F= 255 B RAEHUE 5T (2018HIZX008); VL PG48 B RBHLHT K LI
(20194ABC28009)

EBEIN: VRIEE, WA, FIBEE, WG 2 s S RIS, Tel: 1330806401  E-mail: 309786953@qq.com

*BIEIEE JKEH  Tel: 13568982018  E-mail: 465790643@qq.com



* 1518 -

¢ %% Chinese Traditional and Herbal Drugs 28 51 % 55 6 3§ 202043 A

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

B De—P E NS 25T, AR R
CHIL T & RG24 TR T a2y, s
HNRINA G I VLY —. PRI E AR T
WE Rk, RIRR 2 JFOR 25 P e ) i
BRI CERY) AT T ARk A R R
B TP 4 B R A el R s,
JHGEHFABERA 2N RREMZY 2 A & /5 2K
WIS 250 o BT 7 IR B OGO, kb es 24
MR, BT R, e AR, ik
G 2RIRE . EEINHRIFIARL, BRI
CHAYA R e, EahaR. )
[ 2 ARG L R N AR

I 5 epEs A U N E s 2588, fERCHE 1T
FABREEA N 2 R AT, B R R
A HRA R E 2. R TS, SR, AhH
IRAEFIRZ BAT “ Kb T7 s /NFIE” g, B
AT ISR, VLR EC LR 25, R
E RN R, KSR DT EEmE S E AT
e b 2 A R R S o ARBF ST el o) 2
i o M E EREYE . WL FEEE DL
FEREATINE 26 5 AN W) i W T B U 8 () G B 0 A Ak
M ZE e, L B W E RN VE R 25 0E T, A
BRI E T 2B S i AR5 LR 25
HIRE VPN KRB 0 e bR, i R EE S
BRSNS L 0T, a8 e AR B S50
7 126 28 24 o DA R PR B0 /) OB 2RY 5 AR A 2R 5T
AEHUE AN | 2% B B G B 2 20K s, 4 )11 4k
IR TF R 5 N S R 7 S #

1 K
1.1 SRIGUER
DHG-9145A FL#IH L S XT84, F il B

MU XKR-XB320D 5256 % H 8 AnbL, M
ARG AL A 7] s BLD-200N HL- 1B 351 56
By CZY-G ¥IFE J3MARAL . CZY-6S F¢5 Sk,
Grra =ML ARG R A F s LC-MS/MS-IT-TOF
1, HA B2 7 ; Waters XBridge® Cig 03541 (100
mmX 2.1 mm, 3.5 pm); TGL-16 B3 /A% 5.0,
B RHMUAA PR 2w

1.2 #ik#h

TEMEE & (b5 201712-1) HVLPEHEEZS K
S PAR P 270 BOE 0 S SR, 48 GC-MS
IR E 12 Pesy, AR R > 5%
AR TR 4-RNETR, (DB, 1
PIEE . JFRERE . (—)-4-iki S BE DL K 18 5 Rl . )11
SEHU Hh AR v e 2 K 2 v 25 ) S = H L B
3 PRI S R FESS SRR AR 4 9ERr 2
SRR 2R R Sk RO S, ISR
B AT 6 mg.

9 FhTTAENEE 3 R T D A
R R AR JNER R RAE L T
NGBy A B A\ OLZE BRI E D 5
IHFHET A A L 2R A IR A A . B s 4t 4
F IR AR A A a7 B2 S = AR T
Gk BRI R U ) R A 2 AT R H
BN R A W] (A2F 25 BN B D
Ak 78 2 A BR 2 A GRS D o TERE
T PR ot L S U B 30 Ry o il 24 IS AL T s N
(Chy 38 o 7 M 4 i, AR AN B Aff e R S PR 8 HLAA 44
PR HES ).

S FTCH I (S 2015012601) =&AL (it
520161223010 & VU2 AN (b S
20110416). DL-ATR (45 2016112501). R H



]

Chinese Traditional and Herbal Drugs E51E F ol 202003 H

* 1519 -

Feerde £ (HtS 201109090, i+ (ditS
2016120801 0T e iR A Tl s etk
AR 934 (A5 20170416) AT A S0 AR
IR R w28 NI TR AN NP700 (L5
9Z0970A) WyF HARAATEE TRk &4k, W (it
5 20120320) W TR TR RAL TG s (i
NG HEEET Fisher 2w /KL= A HliEBE4l
K, Milli-Q 251
1.3 KEs

ELHH/NEL (SPF 28) 48 H, MEMESF, AruEfk
JRiE 18~22 g, BB IA TS50 S ) A IR w1 ER 4L,
ERAES SCXK (JID) 2015-30, )54 .
2 HESHR
21 FTEERMHIE

MR IS, P I B ik BRI 46 ik T b SR 0

25 NP700-2 L 41 4 2 A0 - R i- =%k iE- &
T S AR KRR WA TR 8 1 10 ¢
1:02:03:72:200:15:0.5, #%ME& %K,
B BE T I SR N M R A NP700. R FH L 4T 4 2540
RV, =S S DU SR A, I H
BEFEIAAT, S H A KR RRK . R
ARRIRAA G, IMNEH AR, BiHe S 2
ME, WATLETLLY A b, 40 CARUR T-HR )5 I o By &
45, YIA 14ecmX 10 cm, 5.

2.2 EMERRSENAE

221 EREVEOE DUSVE. RENE. PR B2
RIEBEYE . S AN YE S5 1 2 AR PR EERA TRI 5
53 (BRYSIPEVE o IR e VT 3+ B P VP23 + B RAE B
PEVES + R ARGk S5k B VRS = ) Rk,
PR FRAEIR 1 R,

x1 FZEREIFMIRE
Table 1 Standard of comprehensive sensory evaluation
Ei=g o IR
Betk 0~10 LT ARRI 2> B SIFLRE USRI 6 M54 04 24 44 6. 8. 107}
TRIENE 0~10 HZMURT 5 TURATIITEEE D A 6 M5 0. 2. 4. 6. 8. 1077
A 0~10 FZMUEMREM DI MREL h 6 MG 04 20 4. 6. 8. 1073
B RIBRETE 0~10 CRIMTFIGECTT0E, HUE) 10 ¥k, 2SR RENS S W T TR RE 2> A 6 DG
0. 2. 4. 6. 8, 104}
JREHMTESRE  0~10  CKEWEE SOHING T T, 3R, R B AR T AR R )k 6 AR

0+ 2+ 4. 6+ 8. 1077

222 WIFIVHY  SRACTHE 2582015 4R Gl
T 0952) 128 PRI BRI A5 130 5 B e I 5 7R )
WIZE 1, MRHG R 300/ ARAB B RH iR
TSRS AN ER, 10 S5 7 BT BERL A A9 Bk ) 2
T, BRSEOR, WIRDDEOR, JFERIEEKRS 8 9 A
S5 0y 24 4. 64 8. 104 12, 14, 16 7.

223 FEROVHY  fRECRE 2582015 AR Gl
W 0952) FEFK 358 T340, H5 B It 5 TN i
FARKAR b, T EEEE, YRR K T
P RE BTEAS A St I B IR A b1 9 (1)
IFIR], BB, RER IO, R TR
M9 04 2. 4. 6. 8. 104 12, 14, 16 5.
224 FEEEVHY O AREECRE 25802015 4ERR GE
M} 0952) K HT 180 B 5 B Wl 5 Tk, Kt
5 Ao THT FF G THD 2 ] 52 0 SRR L, 2k 1 FH 2R R v
A 56 o AR SRR RO (180°), B %) —
Ui FSEIG AR A3 ) b R IREE TSR b, SRR

300 mm/min [ FEIHREE SR A, sk R A AL
B, R(E ORI B 2 it BBk, o R B R A
H10 N 0. 2. 4. 6. 8. 10, 12, 14, 16,
18 43
23 EBEWEERCERE

CUBREYE Bt WIFE s DL R8s B oA
FabR, RTINS E T EREEAT BV . S0 4
R, AR RKWGEILERME. Wbt B
FE B ZE R, BB A% 715 R8s B 3148
MEVESE R, WIS R RS, W E R
Wz (£2). WE 3. 7. 8iBkEvEm 2, HAME
IBREPERE . S WEE Z RN P R, WE
1 508 4 fmmi ez, e EE,
R B TRIARZLBE, ZZ40E 5 min Y A B0 L 105
B2y STEHE e, A BIREAD R WE 9
WO, MR, AP, AN E b
PERRUT, RSB, BRI 45 R,



“ 1520 + Y

Chinese Traditional and Herbal Drugs E51E F ol 202003 H

#2 TWERRMEERMENE (Xxts,n=3)
Table 2 Results of substrate-property evaluation of eight
commercially gel patches (x £ s,n=23)

. BRETE T ¥IF 7 B/

o> Iy (BR5) (kN'm™")
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
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Table 4 Experimental arrangement and results of mixture design (x £ s, n=23)
/% Iy
=0 OB J £ 753 -3 =3 t4 /
e ﬁ;;zf %;f ?i? it Hul oK WA WmENE WE ng iij}ig WIF) ¥R R B
1 1.0 3.6 3.0 266 65.8 4 6 6 6 10 6 8 2 48
2 1.5 45 40 300 60.0 4 2 4 10 10 8 4 4 46
3 3.0 3.7 40 198 695 4 4 2 6 10 4 10 6 46
4 20 32 20 274 654 6 8 6 10 10 8 0 4 52
5 3.0 1.5 40 156 759 8 8 8 10 10 6 10 8 68
6 1.0 45 40 105 80.0 0 10 0 0 0 2 0 0 12
7 1.7 2.5 28  13.0 80.0 4 10 8 6 10 4 4 6 52
8 3.0 1.5 20 199 73.6 8 10 8 10 10 10 2 10 68
9 26 2.0 35 300 61.9 10 10 10 10 10 16 0 6 72
10 1.2 1.5 40 211 722 10 10 4 10 6 14 0 6 60
11 22 45 29 279 625 6 4 4 8 10 8 4 10 54
12 1.0 45 20 129 79.6 4 10 0 6 8 4 0 6 38
13 3.0 4.5 40 248 63.7 6 4 2 8 10 8 4 8 50
14 30 45 20 105 80.0 0 10 0 0 0 0 0 0 10
15 1.0 3.6 3.0 266 65.8 6 10 6 10 6 8 4 10 60
16 1.5 1.5 20 251 69.9 8 10 6 10 10 14 0 12 70
17 1.0 1.5 20 300 655 10 10 6 10 4 14 0 12 66
18 20 45 29 180 72.6 4 10 6 4 8 6 4 8 50
19 20 32 20 274 654 10 6 6 10 10 10 0 16 68
20 28 45 37 223 667 10 4 0 8 8 8 16 12 66
21 2.6 2.0 35 300 61.9 8 6 4 10 10 14 0 18 70
22 1.7 2.5 28 13.0 80.0 6 8 4 6 8 4 14 2 52
23 3.0 1.5 40 115 80.0 4 10 6 10 10 4 8 8 60
24 20 45 29 180 72.6 8 6 4 8 8 4 0 4 42
25 3.0 45 2.5 300 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
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Table 5 Verification results of three batches of optimal combination (X £ s, n =3)
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F7 BEERHAEKRER (Xts,n=98)
Table 7 Results of acetic acid writhing test (x £ s, n=8)

251 AL

xof e 35.0043.03

BH 15.83+5.74"
e 1 22.83+2.86""
4hEN 2 24.83+3.25""
43 19.67+1.63"44&&
4hEh 4 17.17+1.17744&&

SARRALLLE: TP<0.01; SFIMEALLE: P<0.01; H4Zi 14
bt *4P<0.01; 54525 2 4lLkEz: ““P<0.01
P < 0.01 vs control group; P < 0.01 vs the positive group; *4P <

0.01 vs the administration group 1; “*P < 0.01 vs administration group 2
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Table 8 Results of I phase pain (A) and II phase pain (B) in

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

4159 1 AHPCE /s 1T ARSI /s
xof — —
ki) 92.99+15.88 317.26+£31.56
BH 85.64% 7.23 196.94+32.39"
N 90.43+ 9.31 228.134+24.48"
NS-JeM 7724+ 413744 111.83+15.30"4*

ERIMA R TP<0.05 TP<0.01; 511354 *4P<0.01
"P<0.05 “P<0.01vs model group; 4P < 0.01 vs Aconiti Radix group
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Ui B T 45 29 A B Re S AT 800D /N B R PE R IR
W IR . SNSRI TEAREE K fg
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RO g5 b, ) 8 ] e s e 1k
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2.7.3  MUIEFEARIIEE S A EE  FRE SRR AR
EM S S MR BR UL, YR EL (4 °C. 3500
t/min, 10 min), HY 100 uL JIAF] 1.5 mL EP &,
PN PR 300 ul, JRAT, B, BRI 200
pl, HZEWART, 4 CORAE. IRHHETIIA 500 pL
HEE, iR, 4 CRA%EL (12000 r/min,

10 min), M biE, #&H.

2.7.4 LC-MS/MS-IT-TOF #;ill X ] Waters
XBridge® Cis (il FE (100 mm X 2.1 mm, 3.5 pm);
FEdE A 40 °C, AR EHA 1 mL/min, AR 10
pl, FERWLEEA 4 °Cs WUAHBENLS A TEhAHA
0.1% FIR/KI - LI, BARYEAEF: 0~5 min,

5%~10%ZME: 5~10 min, 10%~20%ZJiE;: 10~
15 min, 20%~35%ZJM: 15~20 min, 30%~50%
LM 20~25 min, 50%~70%ZE: 25~30 min,
70%~85% ) : 30~35 min, 85%~95%; 35~
40 min, 95%ZJE: 40~42 min, 95% 5%

42~45 min, 5%

U B () ESL HHEE A
m/z 100~1 000; & UiHLEL 4.5 kV: LA
1.5 L/min; TS (Ny) 100 kPa; i i 773065
200 C; B REEE: 30ms; CID fgfe: 50%:;
00 28 H s 1.80~2.10 kVs
275 TJNiERROEEHESE WA S b I LTS FE A
I 10 pL B2 /51930 QC Ff4h (quality control), |7
FURERERT, B8k 6 51 QC FEA, Bl fEAIIH, 1E.
U T NI RERE 6 AMFESEE 1 EF QC FEA, M
LRGN SRR
2.7.6  SEEGEAEALEL ¥ T I ARG 2 A R
Profiling solution #fFHEAT £ AL 3, Wn¢a g il
gl AP H—AE, PR s S N SIMCA-P13.0
A, AnvEAL S 34T 3 7 23 AT (principal component
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analysis, PCA) M/ —3eyk-H5] (partial least
squares-discriminate analysis, PLS-DA) 734, 15 H

= 5y

AR H G MER (variable influence in the projection,
VIP) J7 iR N & eion A R ook, VIP>
1 G EA IR TR, A4k =E 3, AT RErE
{EbR W) o FEE—2 N SPSS 21.0 #fF(3E[E IBM
] ORI R E AR S HEAT B R 2R T 22 00 A
e k%, LA P<0.05, FC>2 B FC<0.5 N4
#) 2= A " . B J5 /£ Human Metabolome
Database (HMDB) #! Kyoto Encyclopedia of Genes
and Genomes (KEEG) ##s 4 -h it 4T ILHC
277 SERER

(1) A2 R R LC-MS/MS-IT-
TOF (W77 53 i & 41/ BRULTE A MK 224k, FEA
KHIE A7 2 BT 730 « RV ES TR K (TIC)
A LA % 21 s A AR S A A E
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N 25 VPO AR o 15 BB I 8 2424
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oo

N T g0

a- XA bR o-BHPE d-)IS4H e )l S-fEAA
a-control group b-model group c-positive group d-Aconiti Radix

group e-Aconiti Radix-Zanthoxyli Pericarpium volatile oil group

2 PMRIVEHAZETFRE
Fig.2 TIC graph of mouse serum sample

A-TEE TR B-5 TR
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Fig. 3 PCA score of serum metabolites in mice
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R4=0.985, 0?=0.856; &7 F RZ=0.776,
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(2) AR 2 S br B IRk S E s o b 1E A
B IZ e 5iE,  PLS- DA fedt—5 X507

Wr 25, it VIP B S5 IR ALY S0 .
[V H] SIMCA-P 13.0 A4 S5 £ i 4T PLS-DA
3T, B AR R IA B A S 2 [ 0% A
T, R VIP>1, | p(corr) | >0.58 1)74%
ORI ECE AE AR EY) (K5, 6).
FEHE 2N ] SPSS 21.0 B A (CEE IBM A )
XF 0T 16 HA PRI 0 b AR AT 8 A S DR 35 7 22 40 i
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#9 EBTHRATEPBEUERIEXH 28 MNEEEMREYER

Table 9 Twenty-eight potential biomarker information related to formaldehyde induced pain model in positive ion mode

JP5 R te/min waEw A ACK107%) XPHEAL BHYELL )14l 15 -feidl
1 31830 18.996 phytosphingosine Ci5sH3oNO; -0.72 Vo v
2 806.57 31.292 PC (22:6 (4Z,7Z,10Z,13Z,16Z,192)/16:0) C4sHgNOgP 2.02 [ | |
3 780.55 33.266 PC (22:5 (7Z,10Z,13Z,16Z,192)/14:0)  CusH,oNOgP -0.15 Py e o
4 78256 31.073 PC (22:4 (7Z,10Z,13Z,16Z)/14:0) C44HgNOgP 6.43 o t# |
5 568.34 28.621 LysoPC (22:6 (42,72,10Z,13Z,16Z,19Z)) C3Hs;NO,P 2.23 P B t#
6 570.36 31.179 LysoPC (22:5 (7Z,10Z,13Z,16Z,19Z))  C3oHs;NO,P -4.18 t o o
7 54434 29.022 LysoPC (20:4 (8Z,11Z,14Z,177)) CysHsNO;P 4.16 t t t t
8 546.36 23.757 LysoPC (20:3 (82,11Z,142)) C,sHs53NO,P 0.40 VT t#
9 52437 22.442 LysoPC (18:0) C,HssNO,P -6.36 TR o |
10 806.57 29.648 lactosylceramide (d18:1/12:0) C4oH7oNO 5 -4.57 VT o v
11 176.10 28.753 citrulline CH 3N;05 4.38 P | t#
12 27427 25.732 C16 sphinganine Cy6H;35sNO, 8.25 t } t |
13 496.34 29.161 1-palmitoyllysophosphatidylcholine C,4HsNO,P -3.70 TR v t
14 520.34 27.537 1-linoleoylglycerophosphocholine C,6Hs5,NO;P -3.72 A p t
15 311.22 36.744 13(S)-HpOTIE C15H3004 -0.69 | } | |
16 302.31 33.864 sphinganine C,5H3sNO, -0.81 | p p
17 249.16 8.081 pindolol C14H30N,0, 3.04 t | e T
18 256.26 38.308 palmitic amide Ci¢H33NO -0.43 | V v |
19 31698 1.98 lythidathion C7H,3N,0,PS; 7.54 t t t t
20 50431 28.844 LysoPE (0:0/20:3 (11Z,14Z,172)) C,sHygNO,P —4.24 I o p
21 435.17 17.918 cis-(Z)-flupenthixol Ca3H,sF3N,08 2.87 t } p p
22 549.41 37.424 cholesteryl beta-D-glucoside C33Hs5606 4.68 A t 1
23 406.36 40.453 aminopentol C,,Hy7NO5 —6.41 VT v v
24 245.08 2.056 uridine CoH ,N,04 5.38 t t p t
25 381.3  31.488 MG (0:0/20:3 (11Z,142,172)/0:0) Cy3Hy04 6.41 A o o
26 56729 16.085 mesoporphyrin IX C34H3N, 0, 3.68 | } 1 p
27 42521 27.848 didrovaltratum CH3,04 4.94 } t p p
28 261.03 1.865 cyclophosphamide C;H;sCLN,O,P  2.68 | } t t

7 RRERTIE, V7 FRFREG SERANE: TP<0.01; SHBANE: TP<0.01; “A” TR TRERRZE
“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 Rif@BRSAERILE

Table 10 Summary of metabolic pathway analysis

bk WEwHE e dE Pfa Holm %% FDR AN
B e AR 21 0.133 380 2 0.007 077 0.580 290 0.580 290 0
Hry i AR A 30 0.190 540 2 0.014 228 1 0.583370  0.183 330
Py AR 6 0.038 109 1 0.037 574 1 1 0
o-EHER A 9 0.057 163 1 0.055 886 1 1 0
T A DU I 8 A 36 0.228 650 1 0.207 270 1 1 0

NEEHA AR 14 68 0.431 900 1 0.358 460 1 1 0.050 070
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