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H E BHH 23R RAFRELAT SHEFRIGEENE T &, FEALFHEZFERNRRA RO RE., ik AR
Bl 7= #8913 3t E A (%5 KI~KI13) A m A &, R & 20k 48 €38 - B B = & v AF Fi i (HPLC-MS/MS ) % & 3 A P 3% 5k,
AACE BB R R N-F R LR R EHRE HmAE AR M E EAR | AR 2R
#94%F. &5 % KA Shim-pack GIST-HP Cis &3 4 , A W B A 73048 A .0.1% F BR/K 4 A 3h 48 B #4745 B et , Ik BRI £
0.256 mL/min, #£:% % 35 °C, # A E A3 pL; MR AN S FH TR, EE A BT EBEEX T, 8 5 L8 BRAEX, 5Bk
ERE, i AL A AEHE A (TOPSIS) 5 & & 2 B B 247 (GRA) i 3T R Bl = 3t 13 b A 3E 47 AR W Fo 22 69 F h, 5 R
AEFMNEFEFEREAMENE, 128 R4 %5 % 4 490.66~1 231.00,11 088.10~18 021.50 ,7.91~25.38 ,903.97 ~
1 713.64,336.08~1 485.54 .1 065.33~2 075.50 ,27.52~71.80,109.36 ~517.83 .6 034.55~10 632.73 ,21.26 ~145.35 ,814.84 ~
1 911.32.1 040.87~3 446.37 wg/g. TOPSIS £ % B & , B K Wb 5 B He % 7 745 69 A S 4R K % K6, K12,K11,K3.K5.K10,K13;
GRA % R 2 7 , AR R B JE HE 4 7T T4 69 AR R K12.K11.K10.K6. K13 .K5.K3, Z5i Frad 569 HPLC-MS/MS i Be ik
B RBEE R, AN FFEF T ETRATELANGRETEN D485 K3 K5 K6(ZRT) ,KI0(=He)),
K11~K13 (= 3.l 19 ) 5 64 226 FT 2 AR AT 83T

KGR EA M EIEMLC-MS/MS ik ;18 5 32 MARHE P R & R TR E 5T

Multivariate quantitative combined with chemometrics for evaluating the quality of Sophora flavescens
from different producing areas
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ABSTRACT OBJECTIVE To establish a content determination method for multiple components in Sophora flavescens from
different origins and to evaluate its quality by combining with chemometrics. METHODS Thirteen batches (No. K1-K13) of S.
flavescens from different origins were selected as test samples. A high-performance liquid chromatography-tandem triple quadrupole
mass spectrometry (HPLC-MS/MS) method was established to determine the contents of 12 components, including matrine,
oxymatrine, betaine, cytisine, N-methylcytisine, sophoridine, genistein, sophoricoside, sophorone, formononetin, sophorolone 1
and norkurarinone in S. flavescens. Chromatographic separation was performed on a Shim-pack GIST-HP Cis column with a mobile
phase consisting of methanol (A) and water containing 0.1% formic acid (B) , using gradient elution at a flow rate of 0.25
mL/min, column temperature of 35 °C, and an injection volume of 3 pL. Mass spectrometry was conducted using an electrospray
ionization source with positive and negative ion scanning. Data were collected in segments using the multiple reaction monitoring
mode. Technique for order preference by similarity to ideal
AELTE M54 AR XEHTHI H (No.2023YFHHO0082) solution (TOPSIS) and grey relational analysis (GRA)
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methods were employed to compare and comprehensively
evaluate the 13 batches of S. flavescens from different origins.
RESULTS The methodological validation for the content

752296653@qq.com determination met the relevant regulatory requirements. The
#BIEVER BIFIGEOL, W14 S0 T WS 7 1] . P aeh ffohr contents of the 12 components were 490.66-1 231.00, 11 088.10-
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- 2404 - China Pharmacy 2025 Vol. 36 No. 19 HHEZ D 2025455 36 B 191



1 065.33-2 075.50, 27.52-71.80, 109.36-517.83, 6 034.55-10 632.73, 21.26-145.35, 814.84-1 911.32, 1 040.87-3 446.37 pg/g) ,
respectively. TOPSIS results showed that the top 7 samples in Euclidean distance ranking were K6, K12, K11, K3, K5, K10,
K13. The GRA results showed that the top 7 samples in the relative correlation ranking were K12, K11, K10, K6, K13, K5, K3.
CONCLUSIONS The established HPLC-MS/MS method is rapid, accurate, highly sensitive, stable and reliable. Combined with
chemometrics methods, it can be used for the quality control and evaluation of S. flavescens. The comprehensive quality of samples
K3, K5, K6 (from Hebei), K10 (from Sichuan), K11-K13 (from Shanxi), etc. is relatively superior.

KEYWORDS Sophora flavescens; quality assessment; HPLC-MS/MS method; TOPSIS; grey relational analysis

W5 G RHEYI 72 Sophora flavescens Ait. {11
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98.67%) . & fk % Z ik (It 5 DSTDY004001, 4t Jif =
98.4%) Bk (415 BWC9078-2016, 4li i =98.6%) .
SAEAERR (L5 LBPPOT, 4l & =98.0%) \N-HI 3 446 46
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2 AEEHER
2.1 BEEHTIE
2.1.1 RA X HE SR

BRI S0 AL S0 TS 4 7 4B 0L
N-F G 46 AR R BB B R IR R e S
R SEE | B S RS T AN A
10 mL HZEA S, I 70% Y By g I 25, BC il i
J R e B 43 1 320,257,584 ,270,299 502,229,293
274.,317.303.256 pg/mL F X BEGBRE . 43 kS 2
IO OT HR A BEVRGE 1 TR — 10 mL 2S5, JH 70%
P 2 25, A5 3] o Bk 3 4591 Sk 1728000, 18 118.500
75.920.8 721.000.1 794.000.2 610.400.263.350,586.000
10 740.800 . 206.050 . 3 030.000, 5 120.000 ng/mL )i
BT R A
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2.1.2 Pk

W L3t S 25 A LR A, 2o 32 H i . R %
FREURY S5 175 S8 K 45 1.00 g, 4351 8 T 50 mL H. %€
HEFEH R, A 70% F R 10 mL , B 75 $2 5L 45 min ()R
250 W, Ji % 90 kHz, {45 °C) , B HI E 2=, LA 709%
P U2 () B, LA 3 000 r/min 5.0 10 min, B F ¥
W, 0.22 wm AT HLUE BT I , DE ARG BE 100 %, RAH,
2.2 fiE-FiESH
2.2.1 @IEFMF

% JH Shim-pack GIST-HP C;s (100 mm X 2.1 mm, 3
pm) B384, DL EE(A)-0.1% W R /K (B) i S AH AT
Ff BE Bk B (0.01~0.22 min, 10%A—26%A; 0.22~1.10
min, 26%A—47%A; 1.10~3.10 min, 47%A—65%A;
3.10~5.20 min, 65%A—74%A ;5.20~5.50 min, 74%A—
92%A ; 5.50~6.20 min, 92%A—95%A ; 6.20~6.60 min,
95%A—10%A) ; V& BL 5 A 0.25 mL/min; # i 4
35 °C; MM 3 pls
2.2.2 Jig A

KL 25 27U (ESD) , 7E1E (+) [ (—) B 7
BN R MRM S, 43 BEOR S B 555
JE R 3.80 kV (+) .3.50 kV (— ) ; ARG & 3
L/min; SRR I 10 L/min; 422 FHEEE A 300 °C;
JIR 75 ST Ry 526 °C 5 IN#ABIR > 400 °Co 4% LA T
ESELFR 2,

x2 EsdR2FESHRILESH

% fx/min HEFmiz TEFm: R RE eV
B 2474 %92 1482 =36
RICESH 2639 26522 112 -29/-30
FilE4i1 1107 1182 58.1 -9
SEIH 1.625 191.1 148.1 -1
NS 1.207 205.1 58.1 -8
e 2499 2492 1502 -3
R AT 4100 832 110 -18
FmE 6,449 %52 1512 -19
w5M 1576 4593 303.1 —18/-33
EHiEE 6498 2712 2521 21
HEE 1073 431 2752 2020
HESH 7763 02 212 1920

23 HEFZER
231 EBIEMELE

W2, 17 IR IR A% B Bl i R S s
T (T0% P L) 3l i, #4222  T0 €6 3% - o 1 S AR R
Br il SR . 25 R A VR R 12 B o
P14 EE A7 00 Rt B AR — 3, FL 23 VO for DN 04 TS
T, VAR T R R MR AT . 45 L4 1) MRM (5] 1%
T A SCEE T T A E A B R T A A
RRHE 1
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2% 2,117 30 TR A 6 R R 100, 200,
400,600,800 wL, A 70% H 5 E 25 2 1 mL, 55 X
“2.117TR R AR IR G i, VR 12 R i R 5
JO VAR P 2R T AR, $22.27 I (e i - o ik AR R i A
3T o AT B it A o v B R R AR AR ( X)) I TRTRR
AR CY )TN ST, AT AT 12 Bl o FE 45 F A
HR O R N MR RAF, 25 IS,

#3 ESHLRMESMNEEXRERER

o ElEyi r SHTEH (ngimL)
HEH T=1017X 10972163 X 10° 09991 172.800~1728.000
AlESH T=3.641 X 10°45.281 X 10° 09991 1 811.850~18 118500
filEdi T=2.681X 10°¥+1 485X 10° 09991 7.592~75.920
SELH T=4.095X 10°)+1.195X 10° 09995 §72.100~8 721.000
N-FHEL IR T=1200X 109%+1.267X 10° 09994 179.400~1 794.000
e Y=T.546X 10°4+1.601 X 10° 09994 261.040~2 610400
BT T=4205X 10X —4438 X 10° 09999 26.335~263.350
FmEE Y=4103X 102258 X 10° 09998 58.600~586.000
5 T=4738X 10°+5.092 X 10° 09991 1.074.080~10 740.800
% Y=3209X 104+1. 342X 10° 09996 20.605~206.050
HEE T=5.942X 10°H+5.750X 10° 09994 303.000~3 030.000
WESH Y=598IX10X+2.11TX 10° 09991 512.000~5 120000

2.3.3 KHEIRAR

WG 2 W HL“2.1. 17 TR A X6 BRI 3 L, 2 42.27
T 035 - o i S R A, AT E 6 1, TS
12 Bt 43 O [R) 2 2, 1 [A)) 0 T AR RSD 43 1) oy
0.70%.1.46% .1.54%.2.44% .2.89%.1.30%.2.82% .1.58%.
2.72% .0.41% .1.36% .2.23% , Fe WL 2HE 25 145 B
2.3.4 HEMRAR

BORE S (AR5 K1) 6453, #522.1.27 100 F 5 B il 45 s
VAR, HE 2.2 T i - TS AR UERE AT, T SR 0 T
L, AR PERRUE I 263 TS L3R 12 FP A A28 B 4y
S A 481.530, 17 879.627. 8.274, 964.237, 1 408.788 .,
601.466. 45.332, 138.101, 7 625.855, 20.179. 883.353,
2 269.820 pg/g, RSD 73 %l K 1.91%. 0.27% . 1.37%.
0.45%. 1.05%. 1.31%. 1.79%. 1.05%. 1.79%. 1.16%.
1.60% .1.70% (n=6) , 281 ik HAA REFA B R P,
2.3.5  FaoE R

HORE S (O 5 K1), 3522.1.27 50 F 7 2 1l 45 Ak i
TR, PIE SRR 0,24 .8.,12 .24 hi , #“2.2" T F
- S AR AT, AR A 12 B g3 T AR
) RSD 4% %1 4 1.33%. 0.25% . 0.82% . 0.34% . 0.97% .
0.97%.1.66%.1.09% .1.57% .0.96% . 1.44% . 1.47% , 3 W]
HER S IA AR 24 h N HA RIFEEE T,
2.3.6 AR FEITCR S

FRECEL Lo & 1 I FE i (45 K1) 6 10, B 24
0.500 g, F3 S A i v B v B T 5t 249 1009% 19 LE 51 i
AN R 422,127 TR i i A A S AL 2.2
B N N 7 G I = oy = K = M e A 01
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53 BT AR [T e 3 353112 96.06% . 98.46% . 100.41%
99.92% . 93.11%. 98.99% . 94.21% . 96.19% . 100.37% .
102.22% .99.23% . 103.45% , RSD 43 % A 1.73% . 0.53%
2.23%. 0.87%. 1.74%. 0.68%. 3.89%. 0.92% . 2.11%.
2.75%.0.90% .2.82% , FRWIZ 7 W HERR B3
24 H@REENE

BISHEE SRR (45 K1I~K13) ,#“2.1.2" 1 F
I B A R A 45 2.2 U (3 B A A
SYHT, IC SRR, AR AR At A 13 4w S
12 Fp o 0 o AT GE 3k, B . S5 R 8
N LB SR S0 A S R A
AEBE  N-FH LG 28 AR A2 B R AT LRI AR R %
S AR G SEE T RS SRR R
490.66~1 231.00. 11 088.10~18 021.50, 7.91~25.38 ,
903.97~1 713.64.336.08~1 485.54.1 065.33~2 075.50.,
27.52~171.80,109.36~517.83.6 034.55~10 632.73.21.26~
145.35.814.84~1 911.32.1 040.87~3 446.37 ng/g, N[l
FEHLE S L2 O F 2 R SRR 4,
T4 BHESHRHMERINESENESE R (pg/g,

n=3)
er rag WOE oo WL W B B B
RS HEH por M&éém%m BT ki g w5H - i s

Kl 52510 1802150 828 96535 148554 1093.13 4820 14368 776078 2126 94458 241318
K2 50816 1698865 1228 1103.18 75538 120385 38.74 22650 603455 6217 81484 110659
K3 71120 15859.62 1974 149477 100391 144384 4181 38332 921672 8499 123268 192944
K4 60629 1585247 791 16ll.64 77835 136154 4779 10936 693438 2522 923.01 104087
KS 88307 1770244 2147 147189 114095 106533 3182 35557 898667 6383 127897 237699
K6 77658 1589498 2348 154676 105396 163633 63.94 27448 960001 6223 1386.54 214528
K7 49066 1108810 1138 140350 77816 159038 S6.15 18258 1031120 39.23 161528 1380.16
K8 75368 1799242 1070 90397  366.56 140891 71.80 17483 790295 3597 149565 168331
K9 56446 15070.10 887 152889 88751 ISI372 65.58 15984 747296 4113 87404 111401
0 94821 1671076 9.14 135424 108242 160148 4082 31198 1063273 69.67 167947 344637
93635 1790439 2538 90454 62151 176086 27.52 51783 8358.16 14535 137223 134081
91301 1767362 1578 171364 112484 153439 2923 51390 1043346 97.02 147483 206142
KI3 123100 1768842 930 96437  336.08 207550 2826 15781 745154 3083 191132 253131

25 BHESHUFIHTEZSH
2.5.1  JEIT AR AEHE P 5 K0 OCHR BE 73BT

2 2% SCHR AR R D 5, 3l 1 SPSSAU Bdli F 5
(https: //spssau.com/) X} 13 it S 12 Bl 7 19 & b itk
A7 18 I B A8 f# HE J¥ (technique for order preference by
similarity to ideal solution, TOPSIS) 7341, % 37 9] #H 1k |
A AINAL R SR AR R | I 2547 I CQ U 30T B () 1153 A
M, LG 3 B B (R A, D8 VPN X R (R 255 T il
Uf-. TOPSIS 454 o , R CR I T B2 HE 44 i 7 A2 A it 2
K6>K12>KI11>K3>K5>K10>K13, KK (@ Gk
& 43 M7 (grey relational analysis, GRA) X} 13 it 2 12
TR 3 P bl 7 R (O R S A | 42 FRURH V) DB
FER R/ NHATHET , AR DGR BEAIE B, D6 DA Xof
ZINLRE T AT . GRAZER IR, AT OCHK B HE 4 i

-~

=
=)

|
|
|
1
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7O YRR R KI2>K11>K1I0>K6>K13>K5>K3,
ZER RS,
R5 13HHFESHITOPSISEGRALR

45 TOPSIS GRA ’
G CAtF CHERI% K rEF r 5%
Ki 02828 1 526 04906 9 250
K 02257 13 6.1 04135 13 368
K3 05146 4 137 05266 7 195
K4 02835 11 524 04341 1 36
K5 05123 5 141 0.5524 6 155
K6 0591 | 0 05839 4 107
K7 03665 8 385 04836 10 %1
K8 03646 9 388 05060 8 26
K9 03444 10 ) 04598 11 27
K10 04943 6 171 06120 3 64
Kil 05435 3 88 06314 ) 35
K12 05548 ) 69 06540 | 0
K13 0401 6 7 36 05822 5 10

Ce BR B3T3 P e AT At 5 e AN SRIRJEE s 25 57 . 1R e H i
PEIEN PRI B , 25 5 = [ (n3k e KA — 25 H 7T r sk C) /B C
e K{H] X 100% .,

2.5.2 TOPSIS 5 GRA Z5 3Lt

2 5 A %1, TOPSIS 5 GRA 2 F 7 v 143 Ml SR ik
AR—F, B WA RE R K3 =i b ) (K5 (=i k) (K6
7 Hiardt) K10 G Hepu i) (K11 G4l vg) (K12 (7
Hl P ) (K13 (= b il VS ) 9 25 A 5 S A B A
TOPSIS 1) it K 2% 5 5 62.1%, GRA W i K% F N
36.8%, Ui 5 GRA M L , TOPSIS HE B 4f- 11 [X 43K &
WIS
3 iTig
3.1 IEHREL ST HUIERE

Wi 2 T A BRI R B A SIS B SR L R 4 2 R 2
YEFI ) SR . A= P il o3 P M B I 2 e
S PO BT 4L AR S e /R Y I SRR
A Zmo0T it R | R S R e B Ry
VR RN SRR 20t O UL O L B85+ 4 451 4
ELAT R VE RN S 28 AL 55 S5 5 00 A A A
R EA AR SR BT O H T M R IR IR WL SRy
1B W2 RN 251 s N-H 3k & 28 AE ot st i YA i R A
PRAFE R, AT DL S 2 A e 1 sl 85 45 W 1 B s
R AE TR S Y (TR Y TE S R/ S N & Ty NI
S A R 2 — S5k LR T MR R B
WG PE AR LR GAE PR O L 9 AR
IHERAAE B0 28 55 25 S PR 5 5 N AR 2% AT 00 o) 22 24 )i
T AV B £ 5 3 0, 2 T 0 A A S P9 440 L CNE-
1 .CNE-2 3478 175 S L =1 i oAl AL 28 ] vk
A b 10 TN S P B 200 i CNE-2 (38 5 FR 28, — 3
P R A A BT IR IS P s w5 S IR W R T AR Y
1RYT 2 BRSO TE R A, HAEAT R I s E S
PURIGHEY W S 1 vl B &5 P an A K Re g

China Pharmacy 2025 Vol. 36 No. 19 -+ 2407 -



FA T 2598 G I T s B0 S IO LA B ELAT 25
TRERT . BRI, AR BB AE s (5 S0 AU AL
e BHR B0 428 L0 V- 4 28 AR AR B) AN
B (G REARTT (RITAR R Sl IR R SR
I B S ) 2 12 B0 43 1 2 A AN ) P vy 21

R
3.2 @ik GnMmi

AHFFEH 12 PR DU B FEAN RIS A A5 T, 50
SRR € T B A ), Pl AR I ZH 2 42 TR [R) i
A CH EE-0.19% H ERK | HEE-0.29% H IR 7K ) X S50 45 2
RIS . S5 R, S TSN AH A H EE-0.1% H PR IK B 4%
B TS W W T e R 53 B B AR o WD, SR R H B vk
JI I BEAEE 12 F i 53-7E 10 min A EIGRUE5 .

FEXT R A3 BT 25 PR 5 4 v AR DRUBZH 433 7
TE B ARG 12 BRI R o AT A e 45
WA RIS . AR K B, 1 S0 AT S0 i
Sl A ARTE  N-FH L A AR W B R L
AR ZE 5 S 7R I B BT i 1 B2 O T 67 B A
3, E VAT, T B M+H] e S 7 55 106 i AR
FR SR B S s R By e R B AR
FIEB AR, R L LT B M—H] ST BT
W o T, AR TR 2 306 1ok 9 R A, kR I N
IR B - EA T S AT, B AR 31 12 B0 A3 1 B AR o
S
3.3 HZEEEMERSH

AWFFE 1 U 7. HPLC-MS/MS B - 17 248 bR i 43
B e LA 12 Bl o & i AR bR R AL i
22 ) GRA 5 TOPSIS 2 FhJy ik He A 13 4135 2 10 i B
45 . WFFREE R WoR, I3 LR A K3 (=i dk) (K5
7 Heirdl) K6 G Hudnrdk) K107 Hepd 1] ) (K11 (7 1
W) K12 (F=Hb L 78 ) (K13 (= 4l 1L 7)) B 254 B A4
XPRLAT o FIRRE A SR A S A AR
N-HBE G4 60 MLE T RN R Sl i SmE .
R S & e m O B BB v S 5 i S
B et 1 B S o T AL R S L B S 2R 1 o i
FEHG S-S RS, 0L 2 1 5
TEELA, 3 5 2020 A7 24 ) (—88) Bl — 3.

zi B RR  ABF5E 8 ST T HPLC-MS/MS X % 2
HEAT 2246 bR o0 1 B 5 2 i LA e e Ay L R
R Ve R T RE A RE R R SR T AL 2 122 vk T
BT ANE = 134t S0 LS, Z AR K3 (™
b ) (K5 (FEHbm b ) K6 (=il ) (K10 (7= 4 Y
JID KL=l g ) K12 G=Hoihi 78) (K13 (F= M1l g )
MIZEG BT REARXT BT
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