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Optimization for the Method of Related Substances Determination of Matrine and Sodium Chloride
Injection by Central Composite Design-response Surface Method

GU Xiaoyan'?, DI Bin?, CHEN Minhui'!, LI Geng', HUANG Qing', YAN Fei'", CAO Ling"*(1.Jiangsu Institute
of Food and Drug Control, Nanjing 210019, China; 2.China Pharmaceutical University, Nanjing 211198, China)

ABSTRACT: OBJECTIVE To optimize the chromatographic conditions for detecting related substances of Matrine and Sodium
Chloride Injection by using central composite design-response surface method. METHODS The pH of the mobile phase, the
proportion of acetonitrile in the mobile phase and the column temperature were taken as investigation factors, and the retention time,
resolution and the number of theoretical plates served as inspection indexes. The study carried out standard normalization and
multiple linear regression, and used response surface method to obtain optimal chromatographic conditions. The methodology was
verified. RESULTS The optimal chromatographic conditions were determined, the mobile phase was 0.2% triethylamine aqueous
solution(adjusted pH to 6.5 with phosphoric acid)-acetonitrile(90 : 10), and the column temperature was 40 °C. CONCLUSION
The chromatographic conditions optimized by central design-response surface method can be used for the determination of related
substances in Matrine and Sodium Chloride Injection. The method has high accuracy and good repeatability.

KEYWORDS: central composite design-response surface method; HPLC; Matrine and Sodium Chloride Injection; related
substance
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LC-30AD AL AH LIS . PDA Kl #5321
HHA S HEA A ; Waters Xbridge Cis {0 i A+
(4.6 mmx 250 mm, 5 pm); CPA225D #JHi ¥ K-
(FhE e 2 F WA F]); DHG-9041A Hi PVIE IR T4
FECRS 22 SRR £ N )

WS IS . 110805-202010; 7kt
98.7%) . AL ST IR (#iE5 . 110780-201508
TR . 92.5%) . B Bk X ORE A (HE S
110784-201706; & . 98.8%)Fl4A AL A% S o %o iE
an (b5 111652-200301; & : 100%)3 [{ H
B S 2 R e ST e s AR A0S Rt (L T
SLIRHE B A R F], LS. X3420010; F5 i
98.17%); S MAAMT I H A, B, C {2l
AL TSR 2 AR AL AN D Ak 4R
s = ReRBEIR A A e, B0 A E 254 A
A BRA ] ZHE 8 54l (3E E Tedia A A,
2 FEEHR
2.1 @ASEARRE
2.1.1 BEAt DnishaH pH. SNE el A i
FHENER, B = KR 500 s 24
WAL, K- RARASE 53 318 0 £1 +a,a=1.732,

Fz2 ZRRTHHER

Tab. 2 Experimental design and results

BEV S ot e E SIE 3N

£1 EE5ATE
Tab.1 Factors and levels table
A%
IR : -
XiGRsiH pH)  X(Z S /%) X3(HER/°C)
—a 5.8 5 25
-1 6.0 7 29
0 6.3 10 35
1 6.6 13 41
a 6.8 15 45

2.1.2  BIEALEE  DACREAEHE(R) . 43 ES BE(R)FIER
WHB(N) I H L8R, 5 0~1 PEFThriET—1kAb
B, IR U80S A —E opll, it
BARXN: dna=(YiYmin)/(Ymax—Ymin) s dmin=(Ymax—
V) (Ymax—Ymin), OD=(d1da:+*+-d)""*, k NFEHREL,
LRI 2,
2.1.3 BRMNA 52500 Lishal pH. ZNE
Fe B AIAE IR N 7, MPEIH—(E OD N [H A5 &,
PEATZInZe kM . ik 2 RS A =k 25
BUE, FHELLUEAE R (P AL BE (RD) A E bRl
BRI .

ZICE TR . OD=bo+b X1 +b2Xa+b3 X5

FE5 X X X3 tr-1 fR-2 fR-3 tr-4 tR-5 R-2 R-3 R-4 R-5 N-1 N-2 N-3 N-4 N-5 oD
1 -1 -1 -1 067 059 060 060 0.68 030 050 0.82 034 020 050 052 037 045 048
2 1 -1 -1 033 047 043 032 023 045 0.05 033 0.00 040 0.69 075 0.83 084 0
3 -1 1 -1 005 0.14 0.14 003 0.02 092 0.13 1.00 1.00 1.00 0.02 0.05 0.00 0.00 0
4 1 1 -1 050 043 050 0.70 0.76 1.00 0.89 0.62 059 0.02 0.12 019 051 0.63 041
5 -1 -1 1 077 070 073 092 094 037 071 072 046 031 0.66 0.70 0.58 0.69 0.63
6 1 -1 1 0.11 053 054 000 000 072 036 0.00 022 063 086 0.89 1.00 09 0
7 -1 1 1 0.07 0.18 0.15 0.13 0.11 092 0.04 086 097 021 0.16 0.18 0.15 0.19 020
8 1 1 1 072 038 039 100 1.00 023 055 024 055 0.15 022 025 074 083 044
9 —-a 0 0 044 067 064 0.15 0.15 098 043 1.00 091 0.00 023 025 0.07 0.09 0
10 a 0 0 088 096 094 083 081 0.68 098 0.0l 043 040 051 0.62 096 1.00 0.3
11 0 —a 0 0.00 000 000 025 0.19 0.00 0.00 0.56 0.04 0.61 1.00 1.00 096 095 0
12 0 a 0 0.00 000 000 0.13 0.13 0.80 0.03 0.78 0.89 096 0.00 0.00 0.17 023 0
13 0 0 —-a 079 099 097 052 0.60 0.76 085 093 054 0.07 029 037 033 043 0.51
14 0 0 a 1.00 096 1.00 0.86 0.89 0.77 1.00 040 053 024 044 048 072 081 0.67
15 0 0 0 0.81 1.00 099 0.69 0.74 0.73 088 0.65 051 016 038 044 053 0.64 0.60
16 0 0 0 0.81 1.00 099 069 074 073 0.88 0.65 0.51 0.16 038 044 054 0.64 0.60
17 0 0 0 0.81 1.00 099 069 074 073 0.88 0.65 0.51 0.15 039 044 054 0.65 0.60
18 0 0 0 0.81 1.00 099 0.69 0.74 073 088 0.65 051 0.14 039 044 054 0.65 0.60
19 0 0 0 0.81 1.00 099 069 074 073 0.88 0.65 0.50 0.15 039 044 054 0.66 0.60
20 0 0 0 0.81 1.00 099 069 074 0.73 0.88 0.65 0.50 020 039 044 054 0.65 0.6l
VEo MU RIS, 3IHR 4 S S,
Note: 1-sophoridine; 2—oxymatrine; 3—oxysophocarpine; 4—matrine; 5—sophocarpine.
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TR Z I ALY . OD=bot+h1.X1+b2Xo+b3 X5+
baX 1 Xo+bsX1 Xa+beXo X3 +b1 X1 +bsXa*+bo X3

=W EZ WA BAL . OD=bo+b 1 Xi+brXo+b3 X3+
baXi Xo+bsXi Xa+beXoXs+br X *+bsXo ™ +hoXy*+b1oX X X+
buX 2 Xotb 12X 2 Xa+b 13 X1 X2 b 14X X33+ b s X2 X+
b16X2 X352 +b17X P +b18X2 +b10 X5

& design expert 8.0 F kAT 815 534,
Bl Z e MR P=0.910 5, R>=0.032 1; X
Z A MR P=0.001 0. R?>=0.889 7; =K Z Wi
KR P<0.000 1. R?=0.999 9, Z5HEH, =k%
TR T 1) AR LG B e A, B AP IRl
B RN FACILE FTFE: OD=0.60-0.16X,-0.004 5X,+
0.048X3+0.22.X1X2—0.04X1 X3+0.01.X2X3-0.12.X,>—
0.21X,°-0.003 3X3%-0.22X1.X22(R*=0.999 7), 15l Jy 2=
G 3,

R3OHMEEE W ESAT

Tab. 3 Analysis of variance for response surface reduced
model

IR PR AHE ¥5 F P
R 1.39 10 0.14 3526.93 <0.000 1
X 0.14 1 0.14 3555.73  <0.000 1
X, 2.799x104 1 2.799x10°4 7.09 0.026 0
X 0.031 1 0.03 781.02 <0.000 1
XX, 0.39 1 0.39 9802.62 <0.000 1
XX 0.013 1 0.01 324.05 <0.000 1
XoX;  8.000x10% 1 8.000x10* 20.25 0.001'5
X2 0.20 1 0.20 5095.64 <0.000 1
X2 0.65 1 0.65 16372.50 <0.000 1
X5? 1.548x104 1 1.548x10 3.92 0.079 1
XX? 0.15 1 0.15 3880.44 <0.000 1
5% 3.555x10% 9 3.950x104
SR 2.722x10% 4 6.804x10°5 4.08 0.077 5
4R 8.333x10° 5 1.667x107

2 1.39 19

H RS BRI i 1 AR S R AR A —
RO, WE 1. SREmIAN: Xi=6.5,
X=10.64, Xs=41, 55 LRI, e A& 6%k
- FBIAHKARA 0.2% 19 = LRI (BERR H 17 pH
fHZE 6.5), APHHZIE A 10%, HA 40 °C,
2.2 JrksERE
221 @IE&M @I h Waters Xbridge Cis
(4.6 mm*250 mm, 5 pum); WK 0.2%M =4
Jie s T (B FR AT pH (HZE 6.5)-Z (90 = 10); A3
40 °C; W 1.0 mL-min~'; £ K 220 nm,
222 R
2.2.2.1  XTHESVEAIE o RS B R S o0t
FE, MR ml . A S0k, SRR i AR AR
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Fig.1 Three-dimensional response surface plot
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Fig.2 HPLC chromatogram of system suitability test

1-sophoridine; ~ 2—oxymatrine; ~ 3-oxysophocarpine; 4-matrine;  5-

sophocarpine.

224 LEERE OFBRER: RIS
BRJERIZ) 20 mg, B 25 mL BT, I 30%id A
LAV 5 mL, 80 CAKIE A 1.5 h, iR ZE,
KR 2 QRBINER . RIS SR
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5 mol- L™ S AN JH 1T pH (E 2= rh M, ok #
BEZIE; OWMBIREWR : PRI S0 5k 2y
20 mg, & 25 mL A, 1 5 mol-L7' A &AL
VW S mL, 80 °C/AKIHMIM 1.5h, BOAE=ER, H
5 mol- L' SR BRVA MR pH (2 P, Ik fkeE
ZI5E ;. @OREIRBIRER . B 60 CrRiRMR 6h
JE A B E RS SWIFERY) 20 mg, B 25mL
s, MUK R E 2, O Ra IR
T B2 4 500 1x Y6 IR 24 h B977 208 0RHZ 20 mg,
B 25mL H, KSR ZIE; ©F
MRV G S8R 2 20 mg, & 25 mL &
KRR REZ 20, D% HRRNA W -
Bkl &2 450 mg, & 50 mL &=, sk
WM R RZIE . 7 “2.2.17 TN @ik &k,
SRR R E RS 10 uL, SRR, sk EGE
B, WL 3. S5 AT FIBER = A 1 45 4% S 32 a4y
Z A LA S £ 7% Jot 22 [6] 1) 03 B ASOR AL, A X
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2.2.5 MR RS ER T R % IO R i
WG B, KR TR B3 ) 5 v S RN 45 2% ot
WEZ N 1, 5, 10, 25, 50, 100 pg-mL™' Ay &%)
LVERW . Tl “2.2.17 TWUR @&, 7Bk
I EARE A 10 pL, #ERE, 0sREIERE, Dk
T FR (AR BE (O TSt M H o A5 S h
ZHRY, FbRE 2T A5 45 2% 0 A A X A I
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Fig.3 HPLC chromatogram of system suitability test
A-blank excipient solution; B—unbroken solution; C—solution destroyed
by high temperature; D—solution destroyed by light; E-solution destroyed
by alkali; F—solution destroyed by acid; G-solution destroyed by
oxidative.

T4 LMEAENKRERTHNZESER
Tab. 4 Results of linear and relative correction factor

Ay éﬂé'rfk?ril“f‘ll/
pg mL

AR r f

TS 1.02~102.25 y=6.072 8x103x—1.634 7103 1.0000 —
87 B 1.01~100.66 y=4.277 3x103x—1.322 4x10? 1.000 0 1.42
BT 0.96~96.17  y=1.289 6x10*x-3.574 4x10° 1.000 0 0.47

FALE S 0.98~98.23  y=7.807 2x10%x—3.603 3x10% 1.000 0 0.78
EALMLREE 1.02~101.66  y=1.108 3x10%x+1.657 4x102 1.000 0 0.55

2.2.6 o FRAAGIURR R O KB
Pk, 4% “2.2.17 WiF@IERIHERE, R OE
B, LIEMEEL S/N~ 10 F% RO B 0 5 2 PR (limit
of quantitation, LOQ), S/N=3 AR E MK
MR (limit of detection, LOD), 45% L% 5,

RS EEBRER R E R IR
Tab.5 LOQs and LODs results of matrine and its impurities

ng-mL™!
M4y LOQ LOD
WS 511 205
198 5 B 504 201
R 480 192
AALW S 196 98
AL R AR B 203 102

227 RHBERK % 2217 TR @EEKE,
i 2 B O A W IR LT 10 uL, JEZEHERE 6 1K,
CR ISR 25 RSN A AL RSD
¥1<2.0%, FWHiZ 5 k% R R AT
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2.2.8 EEMIRE #2217 W GREAE,
s 2w O BRI 6 B AT 10 uL
FE, O EIEE . MAIRCT Y & N 0.02%,
RSD 7 1.9%; AREm . Ak S A S AL ik
PIRAE o B e KR 0 2% ORI R AR B A o
RSD }j<2.0%, RWIZ I EEAEESWEE M,
2.2.9 JMEEENSCRIRES RS 2R IO IR S A 5 T
I mL 2 10 mL &), MUKMBEEZIE, 150E0k
RAGE W FREUHRI S ALENZ 0.225 ¢ & 25 mL &
e, K, AEEMA 1 mL EIBCRAE R,
FKMR 208, FPICRER, FATECE 6 ).
e “2.2.17 WUT A5 RIF, K% R EIRIE A
10 pL, #FHE, o EEE, 45R 0% 6. KX
T HERA B R, AT T S A
T SR 45 2R R

w6 MEERERRELEE

Tab. 6 Results of sample recovery tests

oy AR/ DifSE/  ENCR/ SEYENRR/  RSD/
- mg mg % % %
9.866 101.7
9.771 100.7
. 9.713 100.1
B 9.701 101.3 0.7
9.892 102.0
9.866 101.7
9.841 101.4
9.923 101.0
9.897 100.7
9.852 100.3
R 9.824 100.5 0.4
9.855 100.3
9.818 99.9
9.895 100.7
9.197 99.6
9.271 100.4
- 9.178 99.4
e 9.235 99.6 0.5
9.190 99.5
9.145 99.0
9.228 99.9
9.522 99.7
9.575 100.3
9.474 99.2
FALESH 9.550 99.6 0.5
9.528 99.8
9.458 99.0
9.540 99.9
9.981 99.7
10.000 99.9
&5 . 9.925 99.2
AIBABL 1) 10 99.5 0.5
9.918 99.1
9.926 99.2
10.020 100.1
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HAT S RN A5 2% 5 e 1T B RSD 341<2.0% , i i
TR 45 2= U2 5 B RSD .1<2.0%, 2 iX
2 AR 24 h NEESE
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KW T,
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Tab. 7 Results of determination for related substance %

w@miﬁfﬁﬁ
A 20010541 ND ND ND 0.02 0.12 0.43
20010542 ND ND ND 0.02 0.12 0.47
B 20200607 ND ND ND 0.06 0.42 0.71
20200608 ND ND ND 0.06 0.42 0.70
20200609 ND ND ND 0.06 0.42 0.72
C 1808201 ND ND ND ND 0.21 0.67
1808211 ND ND ND ND 0.15 0.52

1808212 ND ND ND ND 0.15 0.54
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ANAETEAIr R, I 5.8~6.8 A pH (A%
F
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BT, 5S4 A% 50 2 (8] 53 5 3 RAR B ] 4
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3.3 HRMFEL

WL AR B, WS, R
TE T LR B B [R) B AT I ) T i R, Ak S
i, S A P A SR P R ] D) A 3 %) 5 v o
No R AT ENE, R 25~45 CHE MR
JEH I

ARV 5T 38 L A BT RN 1L AL T 95 S
il A0 B A S R A Y S A, It
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