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Quality evaluation of Sophora japonica medicinal materials based on fingerprint
and multi-component quantification combined with chemical pattern recognition

CUI Yitong, WANG Le, WANG Zhaohui, GAO Ye, CHANG Zihao, LIU Yuqi, HUANG Ya, CHEN Zelin, LIU
Yue, ZHANG Lanzhen
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To establish an HPLC fingerprint and a multi-component quantification method for Sophora japonica Linn.,
and to evaluate the quality of S. japonica medicinal materials using chemical pattern recognition methods. Methods The HPLC
method was performed with the gradient elution of methanol-acetonitrile (1 : 1, A)-0.1% aqueous phosphoric acid (B) as the mobile
phase, the column temperature was 40 °C, the detection wavelength was 258 nm, and the volume flow rate was 1.2 mL-min"".
Fingerprints of 15 batches of S. japonica herbs were established and analysed for similarity, and the contents of six constituents
(genistein, rutin, apigenin, kaempferol-3-O-rutinoside, silymarin and genistein) were determined and combined with HCA, PCA and
OPLS-DA for quality evaluation. Results The fingerprints of 15 batches of S. japonica were calibrated with 12 common peaks,
recognising six components: genistein, rutin, apigenin, kaempferol-3-O-rutinoside, silymarin and genistein, with the similarity of the
batches in the range of 0.780~0.996. HPLC methods were established for the determination of the content of these six components,
and contents of genistein, rutin, apigenin, kaempferol-3-O-rutinoside, silymarin and genistein in the samples ranged from 0.006 to
0.113, from 0.378 to 3.782, from 0.280 to 4.397, from 0.112 to 0.561, from 0.036 to 0.427, from 0.003 to 0.047 mg- g!. The results of
cluster analysis classified the 15 batches of acacia twigs into three categories; PCA extracted three principal components, indicating

that the three principal components played a major role in reflecting the relationship between the common components of acacia twigs
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samples from different batches. The results of OPLS-DA indicated that apigenin and rutin were the signature components that caused

the quality differences. Conclusion The established HPLC fingerprints of S. japonica and the method for the determination of multi-

component content were easy to operate and the results were reliable, which provided the basis for the quality evaluation of S. japonica.

Key words: Sophora japonica; fingerprints; chemical pattern recognition; content determination; quality evaluation; genistein; rutin;

apigenin; kaempferol-3-O-rutinoside; silymarin; genistein
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K4k Bz % 2 NERL S. japonica Linn. [ . T
ST 5 (IS MO9HB177693, Jii &7 $0=98%) i
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Table 1 Source information table of S. japonica

s ! ) SI (1] s 7= ) S 1]

S1 LR E 2023. 05. 03 S9 LM 2023.11. 20
S2 L ZR 57 7 2023. 05. 03 S10 FALIRE 2023.11. 24
S3 MR 2023. 06. 12 S11 FALIRE 2024. 05. 06
S4 T EE R FH 2023. 06. 12 S12 WAL E 2024.05. 13
S5 TR 2023.09. 12 S13 WAL E 2024. 05. 27
S6 RN 2023.10. 22 S14 e 2024. 06. 13
S7 LI ZR 357 7 2023.11. 02 S15 FALIRE 2024.06. 18
S8 AR E 2023.11. 14

3-O-ZEF/HEE XTI (5 PS012599, i/ £i=
98%) ¥ H B MAE R R AR A F] s 4
(k). HEE (Gigal), SE[E Fisher AF] .
2 FAEEHR

2.1 BiREE

2.1 RIS REURE 2 R G
350 0.5g, MHME, ET 100mL BEHEILIH
B, RSN 80%FHEE 30 mL, FREfE, WAt

B1h, AR KRR, #2), £ 0.45 um il
JEREYERL, HUERUEM, B RS I

2.1.2 R TRIHIA ORE PR IDON I ekl
ARE BT s ILEm-3-0-25F M KA
HHMPRIARE, HHET 10 mL &+, HEH
BEZIE, BRYEART (0261 mgmL™). T
(0.148 mg'mL ™D, 731 (0.176 mg-mL "), 1
Wy -3-0-ZE /P (0.124 mg-mL™1) . KALFF



*930 - FA8EF4H 2025548

¥4k £ Drug Evaluation Research

Vol. 48 No. 4 April 2025

(0.168 mg'mL™") FYLEIARZE (0.119mgmL™") Xf
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Welch Ultimate® Polar-RP i (250 mm X
4.6mm, Sum), VisAH: HEE D A8 1, A) -
0.1%E R KW (B, BEMLER BE N : 0~5 min, 15%~
18% A; 5~45 min, 18%~36% A; 45~60 min,
36%~70% A; PRFUAE 1.2 mL-min'; AWK
258 nm; A1l 40 C; BEAEE 10 pL.
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RSD {HI/NT 2.43%, RUAFE SR E M R AT
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OISR SURITE AU PR R S8 (2012 WRO), A4
SUENEIFHAT ALY, L S1 ASIEIE, &
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Fig.1 HPLC superimposed fingerprint and control
fingerprint (R) of 15 batches for S. japonica
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4-JeRLRH; 67T s 7-A3H: 8- ILEH)-3-0-= &/ MH: 9-K
A 12-GeRiARK.
4-genistin; 6-rutin; 7-apiin; 8-kaempferol-3-O-rutinoside; 9-
narcissoside; 12-genistein.
B2 RAXERSE HPLC EiE (A) FsiEm (S1) 85
Eig (B)
Fig. 2 Fingerprint chromatograms of mixed control (A)

and S. japonica (S1, B)

F2 15 HBRRAMBIUETMNER

Table 2 Similarity evaluation results of 15 batches of S.

Jjaponica
i MUE RS MBUE RS MBUE
S1 0.926 S6 0.799 S11 0.996
S2 0.921 S7 0.859 S12 0.953
S3 0.937 S8 0.970 S13 0.894
S4 0.939 S9 0.983 S14 0.991
S5 0.780 S10 0.837 S15 0.991

IR TAE NS IRIE, THE 15 M2 IS a0 A
o (o B W TR R R G (R B e ) . 45 SR, LA g
HIFEXTOR B T (8] RSD {E¥4/N T 0.2%, AHXS£R BE U
AR EAHEZER, SRR & o &
B REUR. 15 HOBARE & 03l K] 5 0] fR 4R 2 B
FIFIBLELE 0.780~0.996, FAHAHMLLE KT 0.9 1)
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[EEAHHE, S5 RUIZE R RIFM TN

252 AMERRFEHE AEEER 2127 BT
X RIS B, I R E B ARRERS A AR R
0.406+ 0.813. 1.625. 3.250. 6.500~ 13.000 pg-mL™!,
2T 4.625. 9.250. 18.500. 37.000. 74.000.

148.000 pg-mL™', /31 0.55. 1.10+ 2.20. 4.40.

t/min
SRR 28T s 3R 4-WIAE-3-0- SR 5K
A 6-SekiA %K.
1-genistin; 2-rutin; 3-apiin; 4-kaempferol-3-O-rutinoside; 5-
narcissoside; 6-genistein.

B3 RAXERM (A f#k S1#& (B) HPLC
Fig.3 HPLC of mixed control (A) and S. japonica (S1, B)
8.80. 17.60 pg-mL™", L &M-3-0-2=FHEF 0.775+
1.550. 3.100. 6.200. 12.400. 24.800 ug-mL™!, sKAili
# 0.525.1.050.2.100.4.200+8.400. 16.800 pg-mL"!,
YRR 0.18640.372.0.744. 1.48.2.975. 5.95 pg-mL!
BRI, & “2.27 BUR i AFseiTile, B
JEIRENREAARR, TR ALTRBEAT A Iml ),
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Table 3 Linear relationship and correlation coefficient of six components

waEY LR TR r LVl (ug mLY)
Yol Y=45509.478 4 X—1 678.676 6 0.999 9 0.41~13.00
T Y=13119.161 4 X—11 616.442 8 0.999 9 4.63~148.00
A Y=12768.002 8 X —1 619.049 7 0.999 8 0.55~17.60
L 22 P -3-O-2E F i EF Y=12740.713 9 X+1 381.940 3 0.999 8 0.78~24.80
AKAEF Y=14001.225 1 X—938.920 4 0.999 8 0.53~16.80
Jebl AR F Y=73131.055 2 X—296.710 7 0.999 8 0.19~5.95

253 MESEES BULS S1 254, %I “2.1.17
T AR A (IR, 4% “2.27 TR B ik
B 6 IR, dsRIEIAR, 3l RSD. 455
BIRGRIRE . AT AR WAEW-3-0- =&
T KA . BeRER R BIETH AR RSD EH 7 5H
1.83%. 1.39%- 1.74%. 2.27%- 2.20%. 2.33%, %
AN AR 2 B R AT

254 EEMES HUlLT S1 2k, &I “2.1.17
TURFATH % 6 A iim R, 4% “2.27 TURN ity
BSE, TSI RSD M, 45 5 BR YRR
TS AR I ZREY-3-O- A KA. ekl
REMEETERSD A4 1.61%+1.27%-2.47%
1.92%- 2.50%- 2.79%, FRINZIEEZNERL
255 FEtEEs BUS S1 4, & “2.1.17
T A3 A (A A, 4% “2.27 TUR By

THI4 5 0. 4. 8. 12, 24 h HEATIE, 10 IETH
FFF A RSD {EAF BIPLRIRTT . AT st
AWy -3-0-ZEFFEH - AKAFF . Gkl A 2K g T AN
RSD 155514 1.59%-1.36%-2.46%+2.95%- 1.48%-
1.98%, FRIAFEMFREE R LT,

2.5.6 MFEEIHEEL  BULSH ST MR 2
MHFIAR 0.25 g, FEEHERE 6 U, B2 BN
A 1 mL JRHAE X IS (0.013 mg-mL 1),
TN IR (0.731 mg-mLT) | TS X IR
VAW (0.165 mg-mL™'). 11 & Wy-3-0-2 F B
o B S VA (0.079 mg-mL~1) . KAl X
W (0.066 mg-mL™"). Fek} A K XTI 5 IE
(0.008 mg-mL™"), #% “2.1.17 T F J5 ¥ & ik
AVATR, 4E €227 TR ARSAEERE, ARk
TR, RSB & R 1 R
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101.24%. 102.15%-. 100.78%- 99.89%. 102.36%-
102.48%, RSD {E¥/NT 3%.

257 HEASEENE B 1S RUEEZME R, #
FEHREL0.5g, %I “2.1.17 Wi %514 3 bR anE
W, FEHR 227 TN AR A AR, TG
BT AT F3et s IIEm-3-0-Z& . KAl
. JRRERIEE, SRE 4. 15 RS2
YoRIRTR. T ot INEm-3-0- &/, K

AT BRI BR300 5H 0.034. 1.675.
1.823. 0.289. 0.195. 0.017mg-g™!, Hrh, JeplA
H R ESHN 0.006~0.113 mg-g!, T FENH
9 0.378~3.783 mg g !, FrIH RN 0.280~
4397 mg-g!, WWEB3-0-EEFERERES TN
0.116 ~ 0.561 mg-g~', /KAl # i & % N
0.036 ~0.427 mg-g', FRAREXTESHN
0.003~0.047 mg-g's

F4 15 HBRRAM 6 BN TFHZE 1=3)
Table 4 Average content of six ingredients of 15 batches of S. japonica (n=3)

Jii &S $/(mg g7')

5

BRI =Nl FrE T 1l 25y -3-O- 2 Hi KA YRR &

S1 0.050 2911 0.654 0.316 0.259 0.032
S2 0.020 2.585 0.846 0.268 0.216 0.012
S3 0.016 0.896 4.397 0.561 0.233 0.003
S4 0.043 1.679 3.138 0.399 0.213 0.014
S5 0.050 3.783 0.280 0.351 0.427 0.029
S6 0.015 0.656 3.223 0.272 0.256 0.008
S7 0.028 0.618 2.028 0.278 0.109 0.003
S8 0.006 0.456 0.449 0.116 0.045 0.008
S9 0.034 1.331 0.977 0.283 0.180 0.014
S10 0.113 3.376 0.365 0.304 0.275 0.047
S11 0.043 2.199 1.545 0.321 0.218 0.029
S12 0.009 0.399 1.374 0.126 0.059 0.008
S13 0.044 1.706 1.793 0.306 0.170 0.029
S14 0.023 2.147 2.206 0.310 0.225 0.014
S15 0.015 0.378 4.067 0.132 0.036 0.009

2.6 WEERIRBIHH . X A " ’s

2.6.1 FHRSHT(HCA)  LL 15 #UEE 254 6 Fh s1 B L L ! . !

W2 B BWE A&, SN SPSS 27.0 BiA, % ‘;i

FIALIEES:, TR BEOT R HCA, 45 gl

S 4 B, HEKIGBERON 15 B BERERET S

A3, SI~S2. S5, S10 M 1K, ST~S9. sl

S11~S14 N% 2 35, S3~S4. S6. S15 TN 3 3, s7 A

HCA 2L HEERE b T RISEH & i 25 30

HAMINE, TSPt R R, Wk s |

R AL, AR 8

B RUCE RS R RO SE B  Ar PR . o

262 EHRSAHT (PCA) 05 15 HMEZiM T 6 s 1

MLz o & B 5E S N SPSS 27.0 #44F1 SIMCA
14.1 B, #H4T PCAUY, Bartlett BRIEAS & B2
P<<0.001, FHIARSE A Bm A M, et ar Lo
FARHEAT PCA. DA RRAMRRIFAE > 1 1B A FEEUbR #E

E4 15 #RFE M RS HCA
Fig. 4 HCA of 15 batches of S. japonica
HAGH) 3 N ALK 5, 5 ZTTERER
SN 44.109%. 30.805%. 17.285%, H: B J7ZEDT
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BRZEN 92.198%, Ut BRI DUEHIX 3 /N FE s v EN
AL ZiM i, HARE(A S oTmk % W3R 5. PCA 15
SEIE 6, 15 MARBZAMRER SR 3 K, 5
HCA &5 A —EF.

MR FE AR (£ 6) TS HE—AE
By BT kg 4 CQeRLRF D). 9 (KA
. 12 CEERZ HEE, M0 2 FEKR
W7 g 7 RS 8 23y -3-0-2 & b
) MEE, Tl 3 FERMT @ik e (2
T MEE.

3.0
2.5}
2.0F
1.5¢

R

1.0f

0.5F

0t

El5 %M PCA EAE
Fig.5 PCA scree plot of S. japonica

%5 BEESHERRE

Table 5 Eigenvalues and variance contributions

7% BT %
EHRSHTF  RHEE
DTHR /Y% TTHRER /%
2.647 44.109 44,109
2 1.848 30.805 74914
3 1.037 17.285 92.198
2.0
L5 S15
10 S5 'Y B
05 ; '%m s1154@s6 :

-0.5

-1.0 .57

-15 58*8512

-2.0- \

-2.5 T T T T T T T T L

6 15 iit#R4% PCA 1357 E
Fig. 6 PCA score chart of 15 batches of S. japonica

2.6.3 IEXfmE/NFiESHT (OPLS-DA) N T
FEUF MR IS FIREAR 2 () B 22 57, 348 HE R 26 ) 22
FEUTBRF K P 5y, #t—20 1847 OPLS-DA. ¥ 15
HAREZ 20 6 Ml & & F N\ SIMCA14.1 33k

*6 EFHETER

Table 6 Component matrix

A g 5 Ll
1 2 3
4 0.889 —0.209 —0.145
6 0.088 0.145 0.976
7 —0.149 0.938 —0.115
8 0.505 0.841 —0.145
9 0.872 0.249 0.165
12 0.890 —0.368 —0.048

ITEAR M. OPLS-DA 455 (K 7) Ex, BE =
WEFEEL (RD 0986, HAELAIEE (R
80.995, HAIFIMFEE 02 N 0.967, 156 HAREY (1)
BTG S5 td . Wit 200 IR B #IGIEER], 25
O MIENAZE R R RT 0, BFESHIA 0413 A
—1.11. 45 B9800 B J IO iE 45 R o HAR, ANEAEL
A% . OPLS-DA 45 REZWIK 15 L2540 A 3
K5 HCA 1 PCA 25 —3. LEHEEMNKE
(VIP) MR fhif e A AN A5 B X A 7R 43 28 T gk ) 2 L
febr, DL VIP {HifEZ Fhricd. BL VIP fE>1 5
A5 BN Tk R 2 AN, e S
FET (8, UEHHIX 2 AN g vl RE X 4 A 2 75
MR, FERRE 250 o 45 1) 1 B B A 0

2.04
1.5:
1.0
0.5
0 +
—0.5
*1.0'1
_15

-2.0
—2 Gt ———————
-5 -4

.59

S12 ~
S8

S7 .

e Si
s+ Qs Qi
G @@° i) Qs

2]

&7 15 iit#4 OPLS-DA 15457 [E
Fig. 7 OPLS-DA score chart of 15 batches of S. japonica

3 it

SR 2GR B BUE 7] (K 50% FREE . 80% HH %
A1 100%FF EE) . FEEUTE] (30, 40, 50 60 min).
PREUAFIMEE (1400 1:60 F11:100) #1T%
%, AREIR, RIUEFEECN 160, LL80%H
REHEA 60 min B, 6 s sy I HE AR 48 iy HL iU
BN TER, IR EREH 80% FHIE 30 mL i A
P 60 min Jy i 4% 7.

SR R[ZE-01%F IR . LIE-
0.1%R. HEE : 285 (1:1) -0.1%H 8. HE-
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VIP

Fr3EH T KA LiZREN-3-0- RURLRTF BB
EAPETE

z

Var ID

8 15 #t#RK: VIP 1557 [E
Fig. 8 VIP score chart of 15 batches of S. japonica

HE (11D -0.1%F ] Kl & (258, 270.
280nm), ZERERDIHEE D K (10 1) -0.1%75%
FRAE I BNARRT, Sk 7 B R R, FRERHCF
B, MG A 258 nm I HIETE £, ] g 4% DA
-2 (10 1) -0.1%BEERVE N BIAR, K K
4 258 nm HI S5 RARECRE S 3T R I o

WERFM, JeRIRT . T . A, s
Wy-3-O-ZFWEF . KA. Ykl R K N E I
&Y, HFBEEARGFMPIR. ME. PrEME
PEB 1213161 SRR 2 BAE ] — 2, BRI EGX 6 4>
B VR TR bR Lo 34T € B A, IFahi AR
RANERE 15 #ORELRE AT 70 i . Z4ads & &
EAL AR BB, TR TS EE
RS o B A I ROR

ARSI ST T AR R 4R S 1 DL (R e
FFE 6 AN ISR, BE TRV AR BT
XL T ZHRbRA R E AT, NI RRA &
PEAL T A 1 AR -

MBEFR HAGEHENAREEF SR

EE P
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