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Abstract: Objective Based on the concept of analysis quality by design (AQbD), to simultaneously develop fingerprint analysis
methods for three materials in the pharmaceutical process of sinomenine hydrochloride. Methods Design of experiment was used to
optimize method parameters. Dummy variables were used to represent material types, and the material type was included in the AQbD
process. A quantitative model was established, and the method operating design region (MODR) was established and validated to
investigate the robustness and methodology of the method, which was applied to evaluate the similarity of multiple batches of materials.
Results A quantitative model was established between critical method parameters (CMPs), material type (MT), and critical quality
attributes (CQAs), with all model P values being less than 0.000 1 and R? values greater than 0.80. The MODR was optimized and
successfully validated. The methodology was investigated with relative retention time RSD < 0.40% and relative peak area RSD
generally < 5.0%. Except for batch YC10 of medicinal material and batch JH3 of alkalized liquid, the similarity value to the reference

fingerprint was greater than 0.95 for all other materials. The established method is suitable for the similarity evaluation of fingerprint
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of three materials involved in the production process of sinomenine hydrochloride, including medicinal materials, percolation solutions,

and alkalized solutions. Conclusion The HPLC fingerprint method established in this study is suitable for the analysis of three

materials in the sinomenine hydrochloride pharmaceutical process. The process of establishing the analytical method in this study is

expected to be promoted for the development of detection methods for related materials in the traditional Chinese medicine

pharmaceutical industry.

Key words: Sinomenii Caulis; sinomenine hydrochloride; analytical quality by design; intermediates; fingerprint; critical method

parameters; critical quality attributes
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#z1 TEALRERNEHHMER
Table 1 Information on different batches of Sinomenii

Caulis medicinal materials

ttms LS ] xK
YC1 2021.3.3  wEZGEFEHARAH

YC2 148 TR TE 77 1) 24 4R It A B 4 7
YC3 J9 TR I ) 2R It B BR A 7]
YC4 147 T T L 3 T 24 4 T e 4 BR A )
YC5 J30 TR I ) 2R It B BR A 7
YC6  J15 T T L3 1 24 4 A I 4 BR A )

YC7 20200508 b B AR AR A

YC8 211201 FXY T KRRV T KA PR A 7
YC9 200605 AN AN
YCI10 210409  ZMTHTHIWAET B TS HIRAA

2 FEHCRIBERSEEFEIFEE
Table 2 Information on different batches of sinomenine

hydrochloride intermediates

SIS #ts g Ak g 5 it
SL1 YC-211003 JH1 YC-211003
SL2 YC-211008-1 JH2 YC-211008-1
SL3 YC-211011 JH3 YC-211011-1
SL4 YC-211101 JH4 YC-211101
SL5 YC-211102 JHS YC-211102
SL6 YC-211007-1 JH6 YC-211007-1
SL7 YC-211012 JH7 YC-211012
SL8 YC-211010 JH8 YC-211010
SL9 YC-211004-1 JH9 YC-211004-1
SL10 YC-211009-1 JH10 YC-211009-1

HIE, FREFR, AL (TR 250 W. 4% 20
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#*3 DSD EREX KT
Table 3 DSD factors and corresponding levels

e 5% O — -
Xi AMpHIE - 86 9.4 102
Xo B 1 BREEA R ] min 4 5 6
X H 1 BREETR B AHELH] % 18 20 22
X 32 BREEA ] min 1 12 13
Xs A2 BREEETR B AHELH] % 2425 26
Xo 3 3 BREEAS I H] min 32 34 36
X7 53 BERESE R B MHLEHI % 29 30 31
Xs KRR T 30 35 40

Xo MR E mLmin™' 0.70 0.85 1.00

x4 DIMFHHERRRERF

Table 4 Gradient elution program of analytical conditions

t/min B/% t/min B/% t/min B/%
0 10 Xa Xs 37 50
X2 X3 Xs X7 40 80
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JEIT Design Expert 12.0.1.0 #Xf4H4E 5 DSD 5236 HSHA S PRI, HdtiT 81 k=L, HARSLIS
Wi, TEIZIT 24 RELIRAMEHIR 3 RO Wik R 5. R E NS AEH T2/
SEOG . FESEFEAE EXFE e RER I 3 FRIASE R 27 H IR RAA I e SCEIE b vk, RER A REL

%5 DSD IR RNERE

Table 5 DSD experimental conditions and corresponding response values

F5 X1 Xomin X3/% Xa/min  X5/% Xe/min X7/% Xg/'C  Xo/(mLmin™') Zi Z» N ATi/min AT»/min
1 8.6 4 18 11 26 36 31 30 1.00 0 0 11 0.547 0.000
2 10.2 4 18 13 24 34 31 30 1.00 0 0 16 0.209 0.481
3 10.2 4 22 11 25 36 29 40 1.00 0O 0 20 0.120 1.300
4 10.2 4 22 13 26 32 29 30 1.00 0 0 25 0.364 0.940
5 9.4 5 20 12 25 34 30 35 0.85 0 0 23 1.087 0.571
6 8.6 4 22 13 26 32 31 35 0.70 0o 0 22 0.587 0.000
7 9.4 4 18 11 24 32 29 30 0.70 0o 0 22 1.122 0.747
8 9.4 5 20 12 25 34 30 35 0.85 0o o0 17 1.070 0.000
9 10.2 6 22 13 24 32 29 40 0.70 0 0 21 0.086 0.765

10 10.2 4 18 11 26 32 30 40 0.70 0 0 18 0.210 0.641
11 10.2 5 22 11 26 36 31 30 0.70 0 0 18 0.000 0.388
12 10.2 6 18 11 24 36 29 35 1.00 0 0 24 0.644 0.986
13 8.6 6 20 11 26 32 29 30 1.00 0 0 11 0.456 0.000
14 8.6 6 18 13 25 32 31 30 0.70 0 0 24 2.041 0.000
15 8.6 4 22 12 24 36 29 30 0.70 0 0 19 0.813 0.000
16 8.6 4 22 11 24 32 31 40 1.00 0 0 5 0.404 0.000
17 10.2 6 22 11 24 32 31 30 0.85 0 0 19 0.133 0.581
18 10.2 6 18 13 26 36 29 30 0.70 0 0 26 0.508 0.761
19 10.2 4 20 13 24 36 31 40 0.70 0o o0 17 0.218 0.564
20 8.6 6 18 11 24 36 31 40 0.70 0 0 21 1.409 0.000
21 8.6 5 18 13 24 32 29 40 1.00 0 0 4 0.595 0.000
22 8.6 6 22 13 24 36 30 30 1.00 0 0 1 0.418 0.000
23 9.4 6 22 13 26 36 31 40 1.00 0o 0 15 2.176 0.491
24 9.4 5 20 12 25 34 30 35 0.85 0o o0 17 1.250 0.350
25 8.6 4 18 13 26 36 29 40 0.85 0 0 1 0.930 0.000
26 10.2 6 18 12 26 32 31 40 1.00 0 0 26 0.091 0.841
27 8.6 6 22 11 26 34 29 40 0.70 0 0 19 1.527 0.000
28 8.6 4 18 11 26 36 31 30 1.00 1 0 20 1.125 0.000
29 10.2 4 18 13 24 34 31 30 1.00 1 0 30 0.555 0.259
30 10.2 4 22 11 25 36 29 40 1.00 1 0 23 0.117 1.197
31 10.2 4 22 13 26 32 29 30 1.00 1 0 27 0.322 0.765
32 9.4 5 20 12 25 34 30 35 0.85 1 0 22 1.298 0.574
33 8.6 4 22 13 26 32 31 35 0.70 1 0 26 1.321 0.000
34 9.4 4 18 11 24 32 29 30 0.70 1 0 21 1.490 0.801
35 9.4 5 20 12 25 34 30 35 0.85 1 0o 17 1.176 0.000
36 10.2 6 22 13 24 32 29 40 0.70 1 0 25 0.000 0.773
37 10.2 4 18 11 26 32 30 40 0.70 1 0 20 0.000 0.687
38 10.2 5 22 11 26 36 31 30 0.70 1 0 24 0.000 0.671
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F5 X1 Xomin X3/% Xa/min  X5/% Xe/min X7/% Xg/'C  Xo/(mLmin™') Zi Z» N ATi/min AT»/min
39 10.2 6 18 11 24 36 29 35 1.00 1 0 26 0.275 1.305
40 8.6 6 20 11 26 32 29 30 1.00 1 0 12 1.111 0.000
41 8.6 6 18 13 25 32 31 30 0.70 1 0 28 2.754 0.000
42 8.6 4 22 12 24 36 29 30 0.70 1 0 24 1.738 0.000
43 8.6 4 22 11 24 32 31 40 1.00 1 0 8 0.494 0.000
44 10.2 6 22 11 24 32 31 30 0.85 1 0 21 0.150 0.564
45 10.2 6 18 13 26 36 29 30 0.70 1 0 32 0.859 1.077
46 10.2 4 20 13 24 36 31 40 0.70 1 0 23 0.103 0.657
47 8.6 6 18 11 24 36 31 40 0.70 1 0 23 1.707 0.000
48 8.6 5 18 13 24 32 29 40 1.00 1 0 9 0.480 0.000
49 8.6 6 22 13 24 36 30 30 1.00 1 0 12 0.926 0.000
50 9.4 6 22 13 26 36 31 40 1.00 1 0 17 1.504 0.452
51 9.4 5 20 12 25 34 30 35 0.85 1 0 19 1.364 0.478
52 8.6 4 18 13 26 36 29 40 0.85 1 0 12 0.827 0.000
53 10.2 6 18 12 26 32 31 40 1.00 1 0 28 0.131 0.796
54 8.6 6 22 11 26 34 29 40 0.70 1 0 19 1.303 0.000
55 8.6 4 18 11 26 36 31 30 1.00 0 1 14 0.888 0.000
56 10.2 4 18 13 24 34 31 30 1.00 0 1 21 0.704 0.203
57 10.2 4 22 11 25 36 29 40 1.00 0 1 20 0.137 0.978
58 10.2 4 22 13 26 32 29 30 1.00 0 1 26 0.368 0.974
59 9.4 5 20 12 25 34 30 35 0.85 0 1 21 1.310 0.598
60 8.6 4 22 13 26 32 31 35 0.70 0 1 21 1.367 0.000
61 9.4 4 18 11 24 32 29 30 0.70 0 1 20 1.464 0.786
62 9.4 5 20 12 25 34 30 35 0.85 0 1 16 1.263 0.000
63 10.2 6 22 13 24 32 29 40 0.70 0 1 22 0.000 0.532
64 10.2 4 18 11 26 32 30 40 0.70 0 1 19 0.000 0.738
65 10.2 5 22 11 26 36 31 30 0.70 0 1 23 0.000 0.672
66 10.2 6 18 11 24 36 29 35 1.00 0 1 21 0.128 1.445
67 8.6 6 20 11 26 32 29 30 1.00 0 1 12 1.122 0.000
68 8.6 6 18 13 25 32 31 30 0.70 0 1 23 2.748 0.000
69 8.6 4 22 12 24 36 29 30 0.70 0 1 21 1.598 0.000
70 8.6 4 22 11 24 32 31 40 1.00 0 1 7 0.483 0.000
71 10.2 6 22 11 24 32 31 30 0.85 0 1 18 0.144 0.533
72 10.2 6 18 13 26 36 29 30 0.70 0 1 29 0.484 1.082
73 10.2 4 20 13 24 36 31 40 0.70 0 1 20 0.124 0.412
74 8.6 6 18 11 24 36 31 40 0.70 0 1 21 1.772 0.000
75 8.6 5 18 13 24 32 29 40 1.00 0 1 0.483 0.000
76 8.6 6 22 13 24 36 30 30 1.00 0 1 9 0.952 0.000
77 9.4 6 22 13 26 36 31 40 1.00 0 1 15 1.396 0.523
78 9.4 5 20 12 25 34 30 35 0.85 0 1 16 1.343 0.434
79 8.6 4 18 13 26 36 29 40 0.85 0 1 11 0.841 0.000
80 10.2 6 18 12 26 32 31 40 1.00 0 1 25 0.000 0.846
81 8.6 6 22 11 26 34 29 40 0.70 0 1 18 1.361 0.000
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HSCEEAS FIDR ) i i (5 R .t s EaT LR
WA A S 2 RO R, VPR i T 1) o & 22
Ft o0~ 6 min [ €4 3% 32 B IR TR 2 53
37 min J& BTSN 3 R — B GG R oy . 37
min J& 0 E A R Pk RE 8 G 55 AR PE R A f itk
FEERIBREE . % RERNE Rk 32 BE RS T T Re 2
HHEERPE P, B LAIEEE 6~37 min P (i IEAS
H (N AN CQAs Z—.

K H Agilent Chem Station B.04.03 (32 [ Agilent
AT ARG — R T7 RO A 3 B AT A
5y, RG JER I (i B 6~37 min P ) £ 35 06
MNGHAT A2 N AE . BT B T R
By B ik, KK AT 5 AT, 2 AR
B2, W1 Fis. ATV S AT 53l Re iy i
Bl BT B S E BN AR, 5 2 BNE A
CMPs [R50, DRI, et 2 2R ] R BE N
[ Z2/E N CQAs.

|
; AT>
‘r b |

| ‘l |' JH3
| 1y SL3
. Iy YC9 -
0o 10 2 30 40
t/min
YC9 HiE RAE LM ERIGR, SL3 Dy 3hl w5 sl b B 42 e, TH3

N ER PR T R R B AL o
YC9 is extract of Sinomenii Caulis medicinal materials, SL3 is
percolating solution of sinomenine hydrochloride intermediate, and

JH3 is alkalizing solution of sinomenine hydrochloride intermediate.
E1 MUEFERSIEEREIEE
Fig.1 Chromatograms of different samples obtained by

optimized method
2.3 HURALIETE
i1t Design Expert 12.0.1.0 #cfExf SEI6 ¥t 45
AT M. R A (D @837 E N Fe bR A
BRI S H S TTES ) B . FZ A [
PR RIBEAT TR AK, S 0 A A 1Y m % T ey 5 2 e
KN 0.05, BEA R F R THA N Z MT K&
CMPs.,
f g
Y=aot Y bXit Y aZi (1
i=1 k=1

Y AHA CQA, a0 NEEIR, biv cx NIWIEIEARE, fNITE

ZHHH, g MIRRRSEEHE, Xi NITESHL Zoh)
FHAR (2) #3L CQAs 5 MT. CMPs Z [H]
e A . RGO A TR AY, IR
TP T 1) & 35 14 7K P8R 0.05
Y=bot ) biXeit D biXeP+ le Z biXeiXej T ) ek
i=1 i=1 i=1 j=i+l k=1
2)
bo JHHIN, n iy CMPs #tH, m 3 MT #H, biv biv by
e NS THRIENHRE, Xeiw Xey N CMP, Zex N MT
K 25 g TR SO S AR PR R4 (2012
WO) TR EIEFR SR TEARALEE, K Design Expert
12.0.1.0 BRA45%F S50 BT HE5 S HEAT 73475 R A Matlab
R2020b ¥+ MODR.
3 H#HR
3.1 CMPs BOfaE
DSD £ R WK 5. R A (1) prdirsisy
I R B 60 X3\ Xov Zo RHEAI I BESE AR AR
BEHE. Xiv Xov Xav Xsv X7~Xo N CMPs. 3£ 6
HEIRAY Z) AR AE B b, ROV PR 2R A R
RN N Zy R EBUBFN IR VR 1) 25 AH [
RC07, BIRRCN 17, RIRIX AP X AR T2
WS HALI R, &563% 5 PHIFTTESEAE T
SIREERCRE, BN EIREN N 2T R4 2
#6 ZUL&MEARBMGESER
Table 6 ANOVA results of multiple linear regression
models
THESHI (CIEVEER
LYk STt N AT AT»

X1 4.450 8™ -0.567 1** 0.481 3™
X2 - 0.1322" -
X3 - - -
Xa - -
Xs 1.015 2" - -
Xo - - -
X7 - - -0.110 3"
X3 —-0.293 9** - -
Xo -17.676 8" -1.110 0™ -
A 2.925 9™ - -
VZ) - - -

“=7 RFZTARE, REZTPENT 0.05, "RERBETIH
P{E/NT 0.01.
“~ means item is not significant, * means P value of item is less than

0.05, ** means P value of model item is less than 0.01.
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Tkl XHTAREEEZE AT 5 AT, YRR
AR, U TR VR RE R oy B A R Ay
IXEE R A EAS [FAR R R B I (R R, IR ZEAN A2
| Lyp it AT
3.2 CMPs. MT 5 CQAs B FiRE!

KA (2) Pl CMPs. MT 5 CQAs 2
(] (1) &% 52 B A A (g [ VA R0 S g 22 i R 7 A
AU P EF<<0.000 1, UiBABLAYRY W35, 8 R2 3

KT 0.80, 1 BHILG BRI AT HRE fFRE A0 11 0
5378 S HER 7 WLt X AN CMP X 3 4~ CQAs
g SR (P<<0.01), [FIN5HAR CMPs 17
TERZ A X I, F W& 2 AR o,
TANAH pH B AT LLIA T B AR RE, AT 2
5[ e RN AR AR, SR R 4 B RCR -
DA 455 i 2k R 3R 08 B AR S AN R AR & 2 [T 9%
&, W 2~4 s, BikEESEEIRR T %520 2

x7 ZIREVIRBRENTRBK 7 E D

Table 7 Partial regression coefficient and ANOVA of binomial regression model
- (CIEVEER3 — (CIEVEES -V o (CIEVEER

ATi/min  AT»/min ATi/min  AT2/min ATi/min ~ AT»/min
HHI 346.1723" —60.2124" 44.082 3" | XiXa -0.136 5™ Xi2 -0.975 1™
Xi 13.467 6™ 16.3976™ 0.4813"| XiXa 145117 X5 —-0.070 9™
X2 2.318 8™ —0.0312™ XiX7 —1.6745™ X7 0.000 9
Xa -13.0494" —0.5210" —2.8624™| XiXo 28.0728" 2.4122™ | Xo? 0.130 6™
X5 -18.131 7" XoXs 0.120 6™ R? 0.8995 0.8467 0.8942
X7 -1.953 3" XoXs —0.043 3" Radj 0.8818 0.8248 0.884 0
X3 —-0.086 5™ —0.021 5™ XaXe 0.112 5™ 8% P { <0.000 1 <<0.000 1 <<0.000 1
Xo —281.258 4™ —23.784 8™ XaXo
Z 2.9259™ XsX7  0.636 7 0.073 7

REZIT P AE/NT 0.05, "R ZI P AE/ANT 0.01,

" means P value of item is less than 0.05, ** means P value of model item is less than 0.01.

12.5 30.5

X4/min
X7/%

295

X/ C

4.5 5.5
Xo/min

B2 6~37 min HEIEEN N ESLE

Fig. 2 Contour plot of number of chromatographic peaks /V within 6 to 37 min
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Xo/(mL-min")
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AT\/min

AT)/min

AT)/min

12.5

Xy/min

11.5

9.8
Xi Xo/min

El3 REREE AT FEL%E

0.94
5.5
i
o &l
2
4.5
0.76
9.0 9.8 9.0
Xi
Fig. 3
AT»/min
25.5
c,\\°
N4
245

11.5
X4/min

12.5

Contour plot of retention time difference AT

AT»/min

29.5

24.5
Xs/%

25.5

B4 REREE AT FEL%E

Fig. 4 Contour plot of retention time difference AT2

NS, e AT RS EOKT Rt s KT,
Elaz 80, HE2ATLLEH, BE%&E A MH pH A
X IR0, 6~37 min AR IEAN KL NV N, &
TR E Xo MG AN 4L N i/, U BH AR
MEFOEESHIES, ARTFRYSE. iR
Xs AIG, EApSIE N N Z . HIE 3 A A1, A AH pH
8 X1 7 9.0 72 A AR T 3RAF 5 im0 HE VI ) 22 AT,
E G e N N D, BLJGIE SRR 2 X
KBRS A (K 5. 6). [RAEFRE Xo R AT)
WK, HE 405, NREAT e EFE, F
3 BEEELE A B A LB X7 R AT REA
3.3 MODR B3 555iF

it Matlab R2020b B, SRHEET 5548155
KR BETH 5 MODR ), 55 AN iA bR MR AH
SE AR K K/, IR E MODR [T 5ERERE . 1f
B CMPs X1+ Xou Xav X5« Xo~Xo HIHHEE KA
A4 0.01. 0.04. 0.04. 0.02. 0.02. 0.05. 0.005.
BT SLIRECH 1000 IR, 325 [ A I 25 K F
WA 0.05, TETH2S ) AT 4552 1) e KU %M 0.10,
X R R 42 52 () B AR IS R 26 090 %) 1Ak H %
WEEREENIN TR 15, AT FFR 0.3 min,

AT, RN 0.5min. 7€ “3.17 Tih, z R i
EPRE TG, RILEEARFER Z BUE, 433
5% MODR, 435I WK 5. 6. B ARFRFiIEAR
£ MODR Wi 2 A HARE B AE . % EEEl 5. 6
Al%1, ANFE Z BUE N 252 MODR FERAL, {H
Bt A R N BT il o

¥ 3 Akl EFEE MODR . MR — 4
BEATIRAE, B RFHAHE B4 5 e AN R e,
BEARIGAF A LA 5-dy 6-de MODR . AMKIEGAIE £,
AT RIIESL 3 K, Frf3seitst RILE 8.
XoFF TS (B N SRR 5, BT3RS CQAs 4551
W TR B ML B AR

K H #1757 #R % Z (root mean square error,
RMSE) VAR SE 3648 5 AR 10— 30R2 R, Hit 57
A (3) Fin. BEEENL N. ATI. AT [
RMSE {H %514 2.59 4~ 0.02. 0.04 min. AR
=, WP R 5K 5-d. 6-d EFRCHI S SRR
()58 B RS B A — 8, SEIR S T E B —
2, UEBFTE LA MODR #UA ] HE .

RMSE=[Y(, — ¥;)¥/n]"?
JOATRIIE, VAR, n ASIRREA

3
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a Ny
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13.0 0.09
1
" 0.07 {007
g i
% 12.0 }
= 0.05 0.05
!
11.0 - : ’ 0.03 0.03
5.5 10.1 25 5 '
Xo/min 4.5 9 X X4/min 13 245 Xs/%
c
1.05 0.09 0.9
o 0.7
e 0.07
g 090
= 0.5
S 0.05
2
075 03
0.03
40 0.1

o 305 E 88 94 100

X
a-X5=25%, X7=30%, Xz=35C, Xo=0.85mLmin"'; b-X;=10.1, X;=5min, Xz=35C, Xo=0.85mL':min"'; c-X;=10.1, X,=5min, X;=
12 min, Xs=25%; d-X;=5min, X;=12min, X5=25%, X7=30%, Xo=0.70 mL-min"!; mFE/RZAINGAE A, eFmAs A NIRIFE S K6 [H.
a-Xs = 25%, X7 =30%, X3 =35 C, Xo = 0.85 mL'min!; b-X; = 10.1, X = 5 min, Xz = 35 C, Xo = 0.85 mL-min'; ¢-X; = 10.1, X = 5 min, X3 = 12 min,
X5 =25%; d-X; =5 min, Xs = 12 min, X5 = 25%, X7 = 30%, Xo = 0.70 mL-min"'; m indicates out-of-space verification points, ® indicates in-space verification

points; same as figure 6.
5 Zi=0R}Fi%S MODR E X IIEE
Fig. 5 MODR diagram and verification diagram obtained when Z; =0

a “ b
13.0 0.09 0.09
0.07 0.07
£ .
£ 120 8
> 0.05 = 0.05
11.0 .4 003 0.03
55 : 104
X,/min 4.5 99 X
€ 105 o0 ¢ 0.9
£ 0.07 0.7
€ 090 %)
R 0.5
g; 005 <
) 0.75 03
: 0.03
29.0 : 40 0.1
Xl% 310730 X/C 8.8 94 10.0
X

6 Z1=1KFr{S MODR [E K IIEE
Fig. 6 MODR diagram and verification diagram obtained when Z1 =1
34 FHEFER 30%, Xs=36 C, X9=0.70 mL/min. iZ41& FEAk
341 FRGENESMTIERMKM  EIFEAHE %44 Agilent Infinity Lab Poroshell HPH-Cs i
MODR W, @& NS ERIKH CMPs &, Bixy M (100 mmX 4.6 mm, 2.7 pm); A A4 1 mmol/L
X1=10.1, X;=5min, X4=12min, Xs=25%, X;=  HEHEHEHR, HEZ/KHE pH EZ 10.1, B HNET
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#*8 MODR HiFLIER
Table 8 Experimental results of MODR verification

S N AT/min ATy/min
OB SRR TOME Sae i TONME Seae s FuME
R BN 1 20 21 0311 0288 0946 0.883
219 21 0304 0288 0959 0.883

319 21 0307 0288 0951 0.883

ZFEA 1 19 23 1.687 1.668 0.548 0.517

18 23 1682 1668 0.552 0.517
18 23 1687 1668 0.544 0.517
B RN 1 25 24 0309 0288 0938 0.883
25 24 0308 0.288 0948 0.883
25 24 0302 0288 0954 0.883
|4 1 23 26 1.687 1.668 0.534 0.517
23 26 1687 1.668 0.538 0.517
25 26 1.684 1.668 0.542 0.517
AR A 1 21 21 0304 0.288 0.889 0.883
22 21 0302 0288 0903 0.883
22 21 0298 0288 0913 0.883
e 1 200 23 1683 1.668 0.535 0.517
220 23 1684 1.668 0544 0517
321 23 1681 1.668 0.539 0.517

Wk SRR

W N w N W N

w N

80% £ JE 1) 1 mmol/L W FREZVER, Frinzsks A Al
S HEREE 20.0 pls AR K 210 nm; #1736 °C
PRFRIRE 0.70 mL/min; K BEREVENL, 727 W3R 9;
JFIZAT 10 mine 7E FIRFMAT, XE XL, $
[ PRIB IR AT 23 B AT /b, it
AR 1. W1 T BUEH, SR B
R, FESUEIERERRE R RS R .
#=9 HEXRER

Table 9 Gradient elution program

t/min A/% B/% | t/min A/% B/% | t/min A/% B/%
0 90 10 12 75 25 37 50 50
5 79 21 34 70 30 40 20 80

3.4.2 JRiEmHVEES oW ik A R
B AIHT T VEAE TR A A R3S TP e R e
71, Al 2 B R TS ECRE AT IR R
H] Plackett-Burman SEZ56 % 1 3E47 i FH PR SEE6 . 78
MODR Frifi g BITE Bl N B A ok fF, s A AH
pHE (X1, 9.9~10.1). % 1 BHEELERE ] (X,
5~6min). 5 2 45 R (X3, 11.5~12.5 min)+
52 ML B AHELS] (X5, 24.5%~25.5%)

3 BRESSH B LB (X7, 29.5%~30.5%)+ FEi
(Xg, 34~38 C)H. HFHE (X, 0.70~0.80
mL/min), BF7E T 7 Fft CMPs %} 3 Fit CQAs [F) 540,
ARSI T R WK 10, 85T 74T, BANHETF
2 K
RAEER 10 LI TT R, EAFSHUHE T 50 mxt

3R R (N AT AT>) BHATRGI, B4 3
W 11. RERSLIRERERN, ALK H, &
WEIENEL N BT 15, AT BIKT 0.5min. 7EFRHE
¥ 1. BATIF 1 S E TSR, 3 Fkhn
ATy /¥ 0.3 min, 4378 0.292. 0.296. 0.297 min.
REMSHHAET AT REEAGH AR, HELE 2
Gl 3 Slg A DL L B, T REUA
i, HA AT AT 03min, RIS, 42
Jrik, CMPs I/ ECEAN T I CQAs, Avaxf thi
WEE P B8 R P FE IR o AN 5T P 2 AL 1K) 73
J7 VN PR

% 10 Plackett-Burman SEI8i& i/ R

Table 10 Plackett-Burman DoE scheme

FHERF JBITH X1 Xo/min Xa/min X5/% X7/% Xs/C Xo/(mL-min™")

12 g8 99 5 11.5 245 295 34 0.70
3 9 99 6 11.5 255 295 34 0.80
7 1299 6 125 245 305 34 0.80
8 299 5 125 255 305 38 0.70
9 5 99 5 125 255 295 38 0.80
11 10 99 6 11.5 245 305 38 0.70
5 4 101 6 125 255 305 34 0.70
10 6 101 5 11.5 255 305 34 0.80
4 7 101 5 125 245 295 34 0.70
2 1 101 6 125 245 295 38 0.80
6 3 101 6 11.5 255 295 38 0.70
1 11 101 5§ 11.5 245 305 38 0.80
343 FEWPREE M 217 BUNT5E, 0ol

AR S, I8 “3.4.17 TN @itk 5 4E
SRR 6 IR, DA RN IRIE, AR
LA W AR X £ B I 8] 5 AR T AR Y RSD B . BTy
YRHR AT WA H USR] RSD 33/ T 0.30%, #H
HHUE AR RSD #41/8NTF 3.0%, ERHACESFE % FE KL AT
344 FEEMHFE R 217 TNk, MY
BE3AFAT S 6 il Ve, 1% “3.4.17 Wi
NI AERE AT, DA RN S IRIE, 1
SN [F PRk rh A WA 0 O B I ] 5 AF XS U T AR 1)
RSD {H . BT PR EA WA H R[] RSD #5708 T
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F 11 TAMSERER

Table 11 Results of robustness experiment

FER BATT YRS N ATi/min AT/min|bHET 1B1TF PRAE N ATi/min ATy/min| bR 8477 82 N ATi/min AT>/min
12 8 IRIU 20 0.675 0989 | 9 5 fREGR 17 0867 0827 | 4 7 REGR 16 0318 1.063
BN 24 0682 0.963 BT 25 0871 0953 BN 24 0314 1.110

BT 27 0.690  0.865 WAL 23 0.864  0.851 WAL 20 0309  1.046

3 9  REGK 19 0561 1.043 | 11 10 4REUK 17 0925 0863 | 2 1 #REK 19 0313 0.905
B 23 0567 0955 BT 24 0930  0.846 BN 24 0326 0.929

L 23 0576 0.876 WAL 21 0933 0.774 WAL 22 0330 0.879

712 HEUKE 17 0594 1.039 | 5 4 FREGK 18 0322 0878 | 6 3 BEUK 18 0304 1.054
B 23 0591 1.004 B 27 0319 0.959 BER 28 0307 1.062

WAL 27 0593 0.928 WAL 23 0325 0.885 WAL 23 0313 1.001

8 2 REGK 19 0796 0.766 | 10 6  IREUK 15 0313 0941 | 1 11 BRI 16 0292 0.845
B 26 0817 0.845 B 23 0308 0.939 BN 24 0296 0.887

WAL 21 0825 0.778 WAL 21 0314 0.877 WAL 21 0297  0.830

0.40%, AR RSD /T 5.0%, iER]J5 ik &
HHERLT,
345 FEMFEE I “2.17 WUN ks il &
ANEHHR TR, 208 “3.4.17 TN @S EE, o
SIHERIIE 04 24 4. 6. 8. 12, 16 24 h HEFES)
Br, DA ERBCAZ BRI, TR R R A 1A
X O B I 6] 5 A X U T AR 1) RSD B B8R 3 5
WA %o H UG I ] RSD A 1.32%, 2 -5 WA o g i A
RSD 4 16.76%, Btz 4b, BT Pk it A g AE %
R A RSD $/0hTF 0.20%, AHXTIEHEFR RSD #)
/INTF5.0%, PR 24 h WECNTRRE
35 IELENLMELENE

R 257 B R SR BE T 7T B R BR (BT A7)
U, X TrapEsn b 2 . ARG AL E R4
HATRRGUENE RS TR auEbR e . A FR ST AR
PO 5 . AR WA, SR “10 fihik
PLEASRE” B, 3300, 6 3 Mkl
10 MR, BAARYEME EILE 1. 2. K 10 #itAH
YIRL S5 UG B EAE 2 i SN R A R A EE
LR PR R G 8ATE (2012 RO 7, LA 1 it
(YCI/SLI/JHD NZMERE, J7idohh g, e
N 0.1 min, A HRIERE, FrfS Skl 4a a0 R b
W 7. WTARBOK, YCI10 5018 B FR L E A
0.709, HAx 9 #HLZMAHRLELE 0.977~0.990; YC10
HER G 5 HABRLIR Z AR 2 7, $n 1%
LR KRR F Tl A 7= T BE AN F- 5 247 i
JREAL A — M. XS TBW, 10 HERARLEEAE

0.995~1.000, f&7=BMBIEAR A E , iz
[F) FR) 8 22 S BN o R T HAGIR, kIR TH3 S50 R
T AIE Y 0.874, HA 9 HLRIAHBUEAE
0.982~1.000; $&7~ JH3 #LIRFE G 8 L 28T M
FhImESEG L2258, D R2 .
4 Vg
AVRFBBEHT CIT R T —FhER R RO R 24
() 2% B4R S 43 M 7 ik 2], BT R R 2
HPLC A3 5k T — 00k YT T Agilent
Zorbax Extend-Cis (150 mm X 4.6 mm, 5pum) it
Agilent Zorbax Extend-Cig (250 mm X 4.6 mm, 5 um)
itk #: LA Agilent Infinfty Lab Poroshell HPH-Cis
(100 mm X 4.6 mm, 2.7 um) tiffE, &I Agilent
Infinfty Lab Poroshell HPH-C s B #E HAT B 45 11 73
BIRCR . WEE TANE A AH pH B, KINAE pH E N
10.0 BF BA SE AP FN o0 B8R . XL T B A
ZUKKIIMNE, KB AP IIAZ K, A RLA R
R RV R (0 B I TR, RIS R0 vE, TR
PR B AP S A MHEEEZUK, RN 7] L 4F
Mz bR B2 AR A AR T B AR RS A I ZUK S B X
T ARARURE, KIL 0.80 mL/min FARIRE T
FYURLRENS SIS B 7 B R AN R M AR
17T, 3R13 T W10 HPLC $R8CERE b ik
SRTTZTTVE R 0 B ROR HAF AN, AT FR 73 i 0
RREFEL 1, PR seie Bt gt — ik, 18
¥126 HPLC J5ik7, A M pH {59 10.0, AR E
79 0.80 mL/min, TMHARZE W 3 0 K Frw.
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a
1 ! S rk . __YCR
JL Y | W ) _ YC10
A i | 1 5 YC9
j | TS N S - > - —._: A YCB
F ) N, Ik — L_H:IL ; YC7
R N S S S S A.__A_..JﬂL .,&6
5 I ISR
t YC4
4 .
AN S -G
—dhe—A —.—.‘k..H._,J_‘_,A_.../(L YC2
B S URID R R al
0 10 20 30 40

t/min
a-TF MBI BRI b-ERRRTE RO RIS BV c-2hPR T R
AL YC1~YC10. SL1~SL10. JH1~JHI10 fRZEHkl
L7, YCR. SLR. JHR 735 A%} B

a-extract of Sinomenii Caulis medicinal materials; b-percolating

solution of sinomenine hydrochloride intermediate; c-alkalizing
solution of sinomenine hydrochloride intermediate; YC1 —YCI0,
SL1—SL10, JH1—JH10 represent material batches, YCR, SLR, JHR

are control fingerprints.
E7 ZHORYIRHELEE

Fig. 7 Fingerprints of multi-batch materials
5 £

AT Fea i R R LA WP IR AS W] T KU
oM. ERIR TR PP RIS TR SRR T R IR
WRBRACVR] HPLC 4RSS 2 75i%, I SEi
Wtk — 24k, @37 MODR FE#EAT 15
ilE, 3#3id Plackett-Burman 256 W vk B BT i 37 77 1%

HA REFR A, @i 7Ok seiE. S A
FIESLI AT ITE T T 2k R L R rh a4,
R T H AR LB BE AR AL, UE B ASHIE ST B AL
HPLC J7ik1E T 3R 5 e A= = i A2 v 3 Pkl
50, ATHTRAERR &, Tl R
PEE PR SCHF. R, ASHFFLRT &AL 17V AR BE
T AEALRE F I 22 57, B TR A . i,
P EARAAAEZ R B S, e L2425
W4 /NE S, BUEBMIFSEA GRS 4E /N E T
i Bt — @i T Wi e -

AT FUAE D R $8 S0 AH AL B 5 R btk ik
WREFE T 10 ik, fE TR I EE £
LR IPREHATINGE ,  BARIRAT TV R L —
AZIRA T R . AHIT T B S 7 AT DU AN
[F SR AL 7 B 73 () — B, H AR R AR
(R oy AT 258, ATh 75 3E— 20 R AU I FH SRR
T 3 A B I X R PRI 22 1850 o AL, AR 5 P
SETTVEAR LTI 2 fa AR R i 5 A
HEAR, R RNERELZ J5 B A Al o 2 i e 2
FLUETHIAR S KR R B, BEIE A R ISl A A 5 5 i
W W IEREEE D bR ) B A ) Ho At o b
o el AR ] AR B i E CMPs, LRI EAR
T Lk — P IR uE R R i sgmm,  H B E RN N
e SRS, I DRI IR BRI B IR #E . e
HIERL RRMAA DoE kML A, AR T m
HARAL T 7 v 55 o ASHIE 58 8 WE TG Ak 5 145 9
BRI TS &, (515 BE 0% 7E [ )3 53 B S5 A
Ao X A AT SRR TN, S A b AR R
BEEAINT T CQAs FUREM . AW FLRT R H I T771%,
R LRI IE T 2 R Rl o A T 610,
FIT BRI T ITE TR A, 4Rk TT KIS E], A A
T T LA - TR -1 7 TR AR 27 B o 1R A A 3
RN, G RE, ARSI T AR RS,
DL IR ARV R 7 2, WA BT T
il RS I 7 T K

FlBAR ALY ERREAEA TR
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