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Pharmaceutical research of Ligusticum chuanxiong oil microcapsule analgesic gel
patch by D-optimal mixture design
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Abstract: Objective The volatile oil of Ligusticum chuanxiong was made into microcapsule as intermediate and applied to gel paste
to solve the instability characteristics of L. chuanxiong oil (LCO). The formulation and in vitro transdermal rate were optimized and the
pharmacodynamics was preliminary studied. Methods D-optimal mixture design was adopted, and initial adhesion, adhesion holding
and peeling strength were used as evaluation indexes to optimize the preparation process. The in vitro transdermal behavior of
ligustilide was studied by Franz in vitro transdermal test instrument. The efficacy was evaluated by acetic acid writhing experiment.
Results The optimal prescription of LCO microcapsule analgesic gel patch was as follow: NP700, glycerin, hydroxyaluminum,
kaolin, azone, tartaric acid, microcapsule PVPK30, 0.5% capom 940 was 1.250, 5.000, 0.025, 0.250, 0.600, 0.025, 1.000, and 2.700 g,
respectively. Ligustilide transdermal rate in the gel patch was 5.129 7 ug/(cm?-h). The retention rate of high temperature, high humidity
and strong light irradiation on the 5th and 10th day was 93.17%, 91.21%, 98.94%, 92.36%, 68.03%, and 60.78%, respectively, and the
analgesic rate was 63.14%. Conclusion The optimal prescription of the gel patch had good viscosity, which solved the problem that
ligustilide was difficult to be applied to the gel patches due to the instability of LCO and provided a reference for the application of

volatile oil to new dosage forms such as gel patch.
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Thermo Scientific Dionex UltiMate 3000 15 20K
B4, 2% Thermo-Fisher A#; BP121S HL T
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FHEA R AT ToKAHERR. Hih, R RMA T
BEARAR: BEANE, FHESEH=98%, fits
180302, HEREIAMEHARAR: RNERR
NP 700 (NP 700), FEAFIH Tk 24t T M0
Fillid (PVP) K30, | AREFIMULTAHRAA: KL
TBF 400 (PEG400). AR Rk 940, it
B ARAR; HRE, HiBRELTAER
AF Bheme L, PSS A, RS
AR AT #IFLEINENEE, F
N FAEBR A A

JNE R M R E R, B, B 5.0
emX7.0 em; EITEHEGEAME, &4 5.0 cmX
7.0 cm, #t5 180602, i fo L2\ A R A
THERBRER, B, 8550 cmX7.0 cm;
WG| W36 2 A B, fib'S 1804051, &EH 5.0 cmX 7.0
cm, BRPUEEZARAR; BEER, R AT
AIRAF]; alik, LK siBaAKLHE & . RIS
B, MEPE, MARE 18~22 g, WIEGHTE TRk SLI
FIER AT, YliES SCXK (i) 2016-0002.
2 FESHER
2.1 WERBRREFNGIZ
200 IS BRI H & s 4 kG R ECA
Jie s BIHiAA I 3 g, #EL 100 mL 47K, A 30 min,
50 C/K¥ 30 min, [A BRI 3.0 g )1
EHERH, 15000 r/min SR BT Y] S min.  HIAB L
TSV BETIHEHE 1 he IO 2 f54A6F7 50 CatiK,
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HY 1.000 g PVP K30 T 5 mL 280K, JCE i H 58
SEVERR, NN AEZ 0.045 g, 13 0.500 g, T30 C
W I B FE 2 58 VA ARAE N T M. FRER 0.500 g il
4 940 T 100 mL ZE18/KH, ZE T E 24 h {HH
SEAVEMK, FREX 1.000 g <RI 940 1EN T AH. K
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Table 1 Design of D-optimal mixture experiment

iSES ik AR mEflE/e
A NP700 0.750 1.250
B Him 5.000 7.000
C HizeE 0.025 0.045
D AR 0.025 0.045
E PVPK30 1.000 2.000
F 0.5% R 940 1.000 3.000

MRS bz F S O, 8 B SR (1) B oK )
RIS R R B ANE , RIRIZE S I . R e ]
R0 40 73, FERNJIRIRIES R 40 & 30 43,
WIZE 14557 = (B K AE) X 40, FFRE7) (RIES
SR 135> =(MAHE/RAE) X300 £5E1TF5r (Y) =
MR )T+ HE5E )+ RIBG AL .

232 S SRA Design-Expert 8.0.6 XS
SERATEIG, HREE (V) S8&EZED 2
PO RIA I, A TN Y=536.759 24 A+
51.221 70 B—949.991 11 C—523.070 88 D+
1 524.233 35 E—90.812 18 F—6 373.450 50 AE—
1 833.563 41 BE. BMHAFEEM (P=0.011 1<
0.05), KMYIAEZE (P=0312 1>0.05), =
0.928 7, Ut HHZAIY AT AMERf S B sE IR gE 1, Ti R
MERRE R

233 wALATT RERAESEES %M EIRZRA VRS
Nfetr, i Design-Expert 8.0.6 3XAFALiE AL TT,
BARALTT NP700. Hil. HERE. mik . WA,
PVP K30. 0.5% E#4 940 43514 1.250. 5.000-
0.025. 0.250. 0.025. 1.000. 2.700 g. HEATIGIESK
55, SR 3, A 2E = (FUME — STl E )/ e .

SERKH, AT HISE AV I SEBRE S T
WA, R Z D-LRE T B R 47
e, o] TR B E A AR B
24 BEMNEREWEL
241 GTHESAR S R EAR I EE A P B R
G, BT 10 mL AREERS, A 1 mL 20%
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Table 2 Design and results of D-optimal mixture experiment
KBS NP700/g Hil/g H¥E/g WA HR/g PVPK30/g R 940/g IR I/N FE /N FIEHSRE/N Za1E0
1 0.750  5.000 0.025 0.045 2.000 2.180 29.09 0.09 29.68 58.86
2 0.750  5.200 0.025 0.025 1.000 3.000 29.09 4.63 4.01 37.73
3 0.750  7.000 0.025 0.045 1.180 1.000 32.73 0.34 4.14 37.21
4 1.250  5.000 0.045 0.025 1.000 2.680 29.09 7.49 10.16 46.74
5 0916  6.619 0.026 0.025 1.000 1.415 32.73 0.14 30.00 62.86
6 1.250  5.000 0.025 0.045 1.000 2.680 29.09 0.18 8.06 37.34
7 0.750  5.645 0.025 0.025 1.000 2.555 32.73 0.48 4.18 37.39
8 1.250  5.680 0.045 0.025 2.000 1.000 18.18 0.02 8.36 26.56
9 0.920  5.465 0.025 0.025 1.350 2.215 29.09 0.23 4.27 33.59
10 0.782  6.128 0.045 0.045 2.000 1.000 29.09 0.18 2.58 31.85
11 1.250  6.112 0.025 0.025 1.395 1.193 14.55 0.14 6.24 20.93
12 0.750  6.232 0.033 0.025 1.000 1.960 29.09 0.94 3.38 33.41
13 0.750  5.000 0.045 0.038 2.000 2.167 29.09 2542 29.74 84.25
14 0.750  6.200 0.025 0.025 2.000 1.000 10.91 0.34 29.74 40.99
15 1.250  5.000 0.045 0.045 1.663 1.997 21.82 3.46 6.79 32.07
16 1.030  6.920 0.025 0.025 1.000 1.000 29.09 0.41 3.86 33.36
17 1.250  5.680 0.025 0.045 2.000 1.000 18.18 295 5.71 26.85
18 1.250  6.667 0.038 0.045 1.000 1.000 21.82 0.02 3.92 25.76
19 0.750  5.160 0.045 0.045 1.000 3.000 32.73 0.16 4.61 37.49
20 1.030  6.150 0.045 0.036 1.000 1.739 25.45 0.05 3.42 28.92
21 0.987  5.000 0.036 0.033 1.257 2.688 25.45 10.03 29.69 65.18
22 1.250  5.000 0.025 0.045 1.000 2.680 29.09 30.00 4.93 64.02
23 0.882  5.000 0.045 0.025 1.763 2.285 32.73 10.15 4.16 47.03
24 0.928  5.786 0.032 0.045 1.805 1.403 25.45 0.39 2.98 28.82
25 0.750  5.160 0.045 0.045 1.000 3.000 40.00 2.52 4.05 46.57
26 0984 5755 0.045 0.025 1.441 1.749 32.73 3.11 5.52 41.36
27 0.750  7.000 0.025 0.045 1.180 1.000 36.36 0.76 5.06 42.18
28 0.750  7.000 0.045 0.025 1.180 1.000 32.73 0.82 3.10 36.65
29 1.250  5.000 0.025 0.025 2.000 1.700 25.45 0.60 5.88 31.93
30 0.750  6.200 0.025 0.025 2.000 1.000 40.00 0.34 2.55 42.90
31 1.250  5.000 0.045 0.045 1.663 1.997 29.09 0.30 3.83 33.22

*3 mMLHEIE

Table 3 Results of optimal prescription verification

SKH S WIFIN FFRiI/N 58N

LA W%

1 32.73
2 32.73
3 32.73

30
30
30

3.72
4.09
4.25

66.45
66.82
66.98

1.70
1.13
0.89

FERIME D, S EE AR RBL R, MR E T

In the measurement of adhesion force, the weight fell on the ground

did not detach from the plate, so it was taken as the maximum value.

PEG 400 AEFRE K, FMEAiHEE R ZIRE, i i =
WE A 0.267 mg/mL %}

AT

242 AGER T H & T AN E A AR 1
mL #0K, BF 10mL =T, *MNEFEERZIE.
243 THEWRMECH  WE 1 mL 20% PEG 400
AR, BT 10mL &, HNEFEERZE.
244 ORELEMPY Syncronis Cis (250 mm X 4.6
mm, 5um) B WA FEL-K (65 1 35);
FEIR 30 C; AR E 1.0 mL/min; A3 K 326
nm; HEAEEE 10ul; WA 1.

245 LHEXRRFE B 2417 TURHIA KT
AtV E A B 23 RS B 0.014 0.04+ 0.16
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B 1 BANEMES Q). IISHMEREEN®IR
(B) FIZ=RHAR (C) B HPLC

Fig. 1 HPLC of ligustilide reference substance (A), sample
of L. chuanxiong oil microcapsuled cataplasm (B), and blank
solution (C)

0.64. 2.56 mL [Ifif &1 10 mL &+, Al
HEMBEEZIE, 5, %R “2447 TURGREX
PEREATINGE « DAETRIRUR AR (YD, EA G
BIRFENBALRR (X, filbrEmhs, BRI
)9 Y=0.413 8 X+0.125, r=0.999 9, Z5HFEIEHAR
WESTE 0.267~68.352 pg/mL HUETHIAR & B AFHI2k
PRR.

2.4.6 FEEPEERLS 20 TR R R EE A P B 6T L
W10 ul, % “2.4.47 TR A X4 T AT IE,
BT 6 K, MWAFFEARNEREIFR RSD A
0.60%, 25 RFR IG5 FE R U o

247 BEEMERAE % 2427 TUR AT
% 6 MR, IXIR “2.4.47 TR k4,
BEAT I E , W15 EE A Y BRI T AR 1) RSD HA 1.6%,
gt PR PUR SRR & A E R R AT .

2.4.8 FEMERAE  REERIL “2.4.27 LT 4
PO IR, 1% “2.4.47 TR E, 250F 0.
2. 4. 6. 8. 10, 12, 24 h #ATIE . MEFEAN
g I TH AL RSD A 1.23%, 45 38 WAt b i i e
24 h WARE M RIF.

2.4.9 fOFEEEREER ORI E SR
(I HE VAR 6 7, 23 SR 5 N B A Py T ) R
VR 26.70 pg, %R “2.4.27 T H]4AER AR
M “2.4.47 TURAAEKAHIE S &, BARNET
BInkERICE AN 92.06%, RSD N 0.64%, FWi% 7
SRR

2.5 RIMNERZSLIE

251 EFAFEERARSBFIBRERNS & %R

PAET7 i & &R E 7, 43 A 04 0.200+ 0.400
0.600+ 0.800 g U T~ H i AH . i 17 Bz S ge ki
FARBFI & .
252 EAERRREIHIS AR TTRIBR /N BRI E
K, HHREER—PHRIFRINER, 240 5H
INERARBE, BT R IEIBE K, A R T T R 3
Wi b, ABRZERT, A A K AR BREE R
TR E Mg gh 4. FAE B K e TF, BY
BUE SRS, AERBEEE-20 CRIE, 1 AN
AT IR,
253 ERSLES SRAZNE Y BERRA, Tk
X B ONTEE T Franz §800, & &9 #Om N 2.2
em?, FUOIAATY 6.5 mL, B FEEEY Bk
ekt 2z (8], Rz SR T T (m) 4 B0, ol 2= 1 ) 4
W, BB BT A TR 2 em? BIJE ), 18
EEIERIRZ, BRSO, FARRE
T B A Rz Bk, Bt Ry N 6 mL 20% PEG400 A=
PER KA NN, #5388 300 t/min, RN
(320£0.5) C, AT 1. 2. 4. 6. 8. 12, 24h
FEEIRE 1 mL, FRAh 785 IR B2 R RR 1) 2 A 42Uk
20, B RIS R4 0.22 pm fFLIE g 5
T “2.47 TR Tk AT (A i T VR A S AR Y
fig & Bl %€, %] GraphPad Prism5 LA O %} ¢ 1A,
WG Ot ke, AR WK 4 FIE 2.

0=V s Co+ X Ca1V 1)/
O NI BBURIKE, V BRI, Co N5 n
AN EURE SRR 5K EE s Coet 9H n—1 /NI EURE 2000
BINZIREE, Vo NBRER, A R b 558 T

SRR, EANBRN O B U & 3
M3, MENHERKT 0.4 g, QT H
Vi TIARE R HoF B HORZE /N A 0.400 g
ZUH >0.600 g ZUlH>0.200 g & >0.800 g & >
TR, WOk 0.400 g BEIE AL IEBFH.

* 4 ARREAEHEIN o EHHIEHE
Table 4 Fitting equation of cumulative penetration models

in vitro with different dosage of azone

e e % R 2R
HE&/g (ug-em 2h1)

0 0=3.05721t—2.9902 3.0572 0.997 8
0.200 (Q0=4.2210¢t—4.0708 42210 0.992 8
0.400 (Q0=5.1297¢—3.1847 5.1297 0.990 0
0.600 (Q0=4.7935¢t—3.8184 4793 5 0.996 2
0.800 (Q0=3.2848¢—3.1586 3.284 8 0.997 6
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40+

204

t/h
2 FEAEAER 0-r thik

Fig. 2 In vitro accumulative release-time curves of different

dosage of azone

2.6 BEREQHIASLIR

¥ 40 WUHENE BTN BENL N 4 A, A
10 R, AP EEEEAEA (3 cmX3 cm). 1|
WS E AR B RPN R (3 emX 3 cm) B4
W EAAERMSEIEH (3 em X3 cm). JIE &K
RSB FIH (3 ecmX3 em), KA/ T A Z
24 W B E, BRGNS, KRR
B EMNT 5 emX5 om B BAG G M T/
AL, FFREEMR S 2 BINCLRE €, UAAY;
MEABESIANE, 425240 )5, % 0.2 mL/20 g ip
0.6% VK2, id% 20 min P9/ B CE Ol ERIR
WIUT G AT EE RIS, ARG R ), %
R Aok B 2 R R T

B % = (7 AR Vo8 — SBT3 i 4
FAA I EL

MF S wlL, ISR R E R B
BHWEEAAE. BREFEMENSTORRE
FAREER, SHZRWAREZER, HAH)I
SR MR LR R B BRI T R 2 A
FHPEZ

x5 IS HMELBRRE TN/ REREER S0
(xxts,n=10)
Table 5 Effect of L. chuanxiong oil microcapsule analgesic

cataplasm on acetic acid torsion in mice (X £ 5, n=10)

) HEh K EL B/ %
BB 68.10+4.48 0
NEMMBEIERER BN 25.10£3.63" 63.14
7 EE s A 43.70+2.41" 35.83
W5 W35 2 LA 34.30+£2.91* 49.63

5 qBRE R L. P<0.01
**P < 0.01 vs blank cataplasm

3 e
31 FIEN R

BB R S SWE A LR 5 AP
BAELF, ToEE. TR, SR B R A Z K
WAER, BRI T2 R, #EER, R
SN, ReRFEEARE, TR s T2
i, AMERAVER, FERRERSEMA. H
& H AR 2 R T 2RI, BT AW
YL M AR, IR R AR,
HE Mt Im, Win NSRS 2, HE
JRFEVERG N, B XAFFEA Gy At , 50V 2255 1) |,
TONCRIBAH S 2, HIRRARAN L. 5 iR
BIS L, AXAFEBE 2B E, R R
) AR AT, RIS AT 5
Lo NG ETE Y/ PR 6 5 4 E 5L WA - AL E S N ]
WA, DGRB8 5751 B 2 M 52 e R ) A W
RS RIFE TRV TR BR, 0 R B M 8 771 8 o A ke
BEAT TR IRI R 42, 78 HI ot pl 20 1 S0 1 2Rt
DIHIRE T FFEE0. RIBERELEEVE0 Niabs, &
HI M 2 58 1 25 DR 2 0 Bt I B 7RI M B R s e
32 IMBEREEAR

175 R TR0 2 2 B I B TR AE IR — R OB
B, BRI R B B L2, ok AE
PRSI IER B . BEEN & A —
Flopr A R, T ORI ERRIER, SR
K2 A BT RARBE R, U T i £
JRIZNEJE, A FHAHRH ) T B, SomE 2B ER .
ARSI e H) 55 45 5 il = L o) B AR N R AE 4 AR
TRIEMRBH, BT HAMRBER Y, G —EMiER
MAE, EABIEBRREG T, HiE R EER
3.057 2 pg/(cm*h), {HZUHH AT B 23 58 03 B SR,
YEMHERN 04 g B, HIBEREZER 5129 7
ug/(cm*h), BEA RIFIIZBRR, A Z0HH &1
Wahn, 37RO R, MOl B RS R 5 H A
A K, (HHAEAVSIEA gt — B 5.
33 BREMMR

SIS == )] I 5 DLEE AR N TR A R R R
g%, MAEAEER 81.10%, #HZGEN 27.32%, X
JES IR L IR IR B AT I AR e MR 5K,
Al e RGNS T 58 5. 10 REREA 5
AN 93.17% 91.21%, 98.94%. 92.36%, 68.03%-
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