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Abstract: Objective To establish a method for the determination of the index components and fingerprint of fresh Leonurus
Japonicus, and to comprehensively evaluate the overall quality of fresh L. japonicus from different origins and different harvest dates

in combination with the drug safety index. Method A total of 23 batches of fresh L. japonicus in different regions were collected, the
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fingerprints, stachydrine hydrochloride content, 5 kinds of leonurine hydrochloride content, heavy metals and harmful elements
content and 33 prohibited pesticide residues of each batch were determined, and the data of each index component were analyzed by
chemical pattern recognition such as principal component analysis (PCA), hierarchical cluster analysis (HCA), orthogonal partial
least squares discriminant analysis (OPLS-DA) and entropy weight TOPSIS method, at the same time, fresh L. japonicus from three
regions at different harvest times were collected, and determined the fingerprints, stachydrine hydrochloride content and leonurine
hydrochloride content, and analyzed the changes of chemical components of fresh L. japonicus. Result The established fingerprint
spectrum of fresh L. japonicus was calibrated with 15 peaks, and 6 peaks were identified, which were peak 2 (neochlorogenic acid),
peak 4 (chlorogenic acid), peak 8 (leonurus hydrochloride), peak 12 (rutin), peak 13 (isoquercetin), and peak 15 (tiliroside). There
were some differences in fingerprints and content of index components of different batches of fresh L. japonicus , the similarity
between the 23 batches of fresh L. japonicus and the control characteristic chromatography was greater than 0.9, the fluctuation
range of leonurine hydrochloride content was 0.17 to 0.78 mg-g™', and the fluctuation range of stachydrine hydrochloride content
was 0.71 to 5.82 mg-g”', the contents of lead, cadmium, arsenic, mercury and copper met the general limit requirements for heavy
metals and harmful elements in the Pharmacopoeia, and 33 prohibited pesticide residues were not detected. PCA and HCA could
aggregate 23 batches of fresh L. japonicus into three categories, and the harvest time had a great impact on the overall quality of
fresh L. japonicus, OPLS-DA screened out that the content of leonurine hydrochloride and the peak areas of peaks 1, 5, 7, and 8 the
main factors affecting the quality of fresh L. japonicus. The entropy weight TOPSIS method showed that the quality of fresh L.
Japonicus at seedling stage was better , the content of leonurine hydrochloride stachydrine hydrochloride and the peak areas of peak
2-5, peak 10-12 and peak 14 of fresh L. japonicus at different harvest times showed a downward trend, the peak areas of peak 6, 7, 9,
13 and 15 first increased and then decreased, and the peak area of peak 1 showed a fluctuating trend. Conclusion The method of
establishing the fingerprint and content determination method of fresh L. japonicus was highly precise, reproducible and the results
were stable and reliable, the results of comprehensive quality evaluation and the variation of chemical composition in different
harvest periods can provide a reference for the comprehensive evaluation and control of the quality of fresh L. japonicus.

Key words: fresh Leonurus japonicus Houtt.; leonurine hydrochloride; stachydrine hydrochloride; fingerprint; quality evaluation;

harvest periods; neochlorogenic acid; chlorogenic acid; leonurus hydrochloride; rutin; isoquercetin; tiliroside

i BF B N R R B W & BF % Leonurus
Japonicus Houtt. FRHT 8 5t B35 75, PRI, Bk

kA AP 25 B 00 B 5 IR A T 37 R
) SR 39 2 B 245, 0 s 4 5 R o

T, B A 2 R R I L ROR R G T
R, EEEG YIRS I R R LR
FE MR EE L, A MK L8 B R 24”7
2R B TR Y W BB AT R, £
RIEARNE ). 5 BER AR T (MR AR LR ), 71
N B DIARAR B A R B, I Ak, 5 2 RERLEIAR
A ) 704 T T B T DA EE AR . BIAR I AR B, 6 25
BRI ERNCEBENG HEANAL TS
SIHERE FEA BT 80 O B 2 518)2020 4 R
— BRI A BE IR, A i 2 RE R R R
AEAT FE , WO o BRI 0T = 4 HE AR BOR AR T
ZN] . PRk, i 25 BE BN TR RS AN A SR IR I N
F8, R, R, A [ 7= i A [F R0
W 25 BRI 5 A B S BT, AR
HFF0 R AL TR0 B L R B B S5 AN [R) 77 B i 23 4t fi
an BERLZG A, ST T i o B AN 3R RS o BE R L 26
P2 7K 5 Bk I B L 8 7 vk R 45 S PR E & 8
AEILRSEULIIMBEHRAKREES 22N
PR FR bR, K FH 240 7 45 2R ) AR AL TOPSIS V4%

an BEELG 2R FR K TR IR & =, I o b S A A
AR A A 5 LA D 65 5 B 55 24 B4 1) SR A 0T & 4%
il B ARE ST RS
1 #gt
1.1 {48

Thermo Vanquish Y = RO €61 R G0 [ 28 3R
KA R BN (R ED A R A A ] Waters H-class 2 i
TE RO AR A 1 R 45 Waters Arc T A8 T R0TRAE (A
% 41 (32 [ Waters A 7 ) ; MiliQ Direct 8 %Y i 41 7K
B [ 2R e 2 H A =)D s XP26 1 ST 43 2 — KPS
ME204E B Jj 43 2 — K °F ( 3£ [E Mettler Toledo 2
] ) s KQ-500DE %Y 2 i 75 1 v #% C & L 11 8 754X
P PRA T s HWS28 Y i HiE i K 7B 83 ( il —18
RHEE R AT ;DHG-9147A 7 v P E 16 T 4248 ( bk
RS LR AIRAFD
1.2 FERF

LR 25 B BRI R B (L5 111823-201704, /i
&7 4094.3%) « 5 TR /K I3 B0t B (S 110712-
201916, i & 4 %0 99.2%) ¢ J& FR (#it 5 110753-



<2832 - FE47EF12H 2024F 128 "éﬁ-i‘ﬁﬁti Drug Evaluation Research

Vol. 47 No. 12 December 2024

202018, Jii & 43 #7 96.1%) « T (it 5 100080-
201811, Jii & 43 %0 91.7%) « S it Bz # (Hk 5 111809-
201804, it & 4 ¥ 97.2%) M # HF (it 5 112000-
201802) , 3410 [ ] £ b 24 it A o F 9 5 5 i 4 )
I (A5 wkq1803107, Jiii £ 43 %4 98% , VU 1| 4 5 47 A&
IR A RA T HEE . 2 (i g, 7[5 2R 70
I A BR 2> B 5 B IR UK PR (% 4, R Tl R 25 Ik
P ZARFAE PR A T 5+ b SR ER AN (i 2%, 1L
RE TR THMEARATD s K AHAiK, g
W5 R o ati

AN TR 77 b RSO A 2 BRERE G M 2 T R — T
il 25 4 PR A ) PN A M 32 AT R 2500 % 52 N JE T B
W) 25 BERL L. japonicus Houtt. [T 5 1 _F 35843, SRR
BFEENEL.2.
2 FES5%R
21 SHEEERBELRUE

P 1 24 4192020 4 ik G 1) 2321 Ji7 W i 4y
6 B 2% B H B R A S AR R R VO Y
R R e VAR, 0T 23 #UAF &5 BE B 25 M HEAT E 4

2020 AR R BB A d M BR AP B0 T
FERUUSMO R 250, By A 13 3d S mg kg™, A 15
i 1 mgkg ™ AR 2 mgkg ™, FRAFIL 0.2 mg-kg ™,
HIAF L 20 mg-kg'o 45 TR, 23 ik % 7 b ) ik
i BEE AT VR LR VA S B R A R
22 33MBRAREKRE

Fo (P [ 24 1) 2020 4 bz GE U 0212 2584 FR
for 5 18 AN 2341 A 24 5% BR B e R 5 i), R 23
b 6F 25 BERL Y 33 Foh 2% F A 24 WA JRe g\ 2R 4 1ol /0 T
IR VA T L o0 /-3 TR I AT | R | U
B B 2 Ml SRR R 1 /LT A i 15 L % PR
Tl < Tl i 3ot K/ S R, A 25T P VR K 2 Tl
TR/ B 7K R s Bl o7 RO L R R S I
VAVAVAYO OIS - W:=§:- 7L VA Z0VE =N SN TN il i
TSR ST o 7 978 3 Ak ) PG o Tt e %o Tl PP
B AT o R T e ol R = SR I AT T
SE, LR 3. 45 R, 23 b 25 BF R 25 44 b 33 Fh
MR AR IS IR R ER .
23 HEGEHERHIENE

B ETENE, S RRNES, ECREZGMR) 230 GHR AR % B RERZ M E B
R1 AEFHSERBEAMERER
Table 1 Source information of fresh L. japonicus from different origins
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Table 2 Source information of fresh L. japonicus at different harvest times
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Table 3 Determination results of 23 batches of fresh L. japonicus
B KM% HY/ 7 i/ 7 fily/ 7 K/ 7 i/ 7 33 PR %ﬁ@vﬁﬁﬁ% %ﬁ@@k?ﬁfﬁﬁ/
(mg'kg"  (mgkg™" (mg'kg™ (mgkg" (mgkeg)  ZiREE /(mgg)  (mggh
S1 88.24 1.031 0.042 0.503 0.009 12.657 EN o 0.435 5.460
S2 89.85 0.540 0.022 0.288 0.007 11.994 A H 0.456 5.825
S3 88.57 0.825 0.048 0.528 0.009 10.477 AH 0.430 5.509
S4 89.09 1.000 0.027 0.165 <0.003 7.361 EN 0.187 1.190
S5 86.65 1.312 0.036 0.267 <0.003 8.615 A 0.341 1.477
S6  87.13 1.064 0.119 0.297 <0.003 5.839 A 0.501 3.495
S7  90.21 0.816 0.024 0.227 <0.003 8.531 A 0.247 1.659
S8 88.56 0.935 0.036 0.284 <0.003 10.097 A 0.456 1.800
S9 86.94 1.228 0.018 0.212 <0.003 5.668 A H 0.223 1.198
S10  86.03 3.641 0.037 0.254 <0.003 7.292 A 0.186 0.872
S11 89.23 1.457 0.030 0.198 <0.003 8.151 AH 0.196 1.240
S12  87.99 0.875 0.103 0.130 <0.003 6.693 Rpar 0.321 1.761
S13  89.85 1.349 0.036 0.364 <0.003 9.972 KA 0.166 1.052
S14  90.77 1.874 0.031 0.210 <0.003 9.451 A 0.173 0.706
S15  90.28 2.447 0.037 0.254 <0.003 8.171 A 0.202 0.897
S16  85.64 1.354 0.026 0.190 <0.003 13.162 A 0.315 1.092
S17  89.20 1.119 0.026 0.301 <0.003 10.647 AAd 0.284 1.173
S18  89.78 0.274 0.012 0.171 0.017 7.113 AAd 0.532 2.181
S19  88.47 0.708 0.022 0.257 0.012 7.650 AH 0.672 3.020
S20  85.75 0.942 0.034 0.286 0.008 7.822 AH 0.775 4.493
S21  89.03 0.388 <0.009 0.057 <0.003 6.466 ARk 0.271 1.643
S22 88.73 0.227 0.009 0.060 <0.003 6.109 A 0.282 1.893
S23  85.57 0.224 0.011 0.050 <0.003 7.011 A 0.342 2.417
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Fig.1 Chromatograms of blank solvent (A), reference
solution of leonurus hydrochloride (B) and test sample solu-
tion (C) by HPLC
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Fig.2 Chromatograms of blank solvent (A), reference so-
lution of stachydrine hydrochloride (B) and test sample
solution (C) by HPLC
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Table 4 Area values of characteristic peaks of 23 batches of fresh L. japonicus

ERE

e U THT R/ PR

5Ol I 2 W3 g4 s g6 g7 U8 B9 WE10 g1l 1§12 13 14 IE15
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Fig. 4 Fingerprint of fresh L. japonicus (A) and chromatogram of mixed reference substance (B)
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Table 5 Similarity evaluation results of fingerprints of 23

batches of fresh L. japonicus and control

G5 FAALE G FAAEZ
S1 0.957 S13 0.950
S2 0.966 S14 0.966
S3 0.961 S15 0.960
S4 0.960 S16 0.969
S5 0.947 S17 0.979
S6 0.926 S18 0.901
S7 0.960 S19 0.903
S8 0.917 S20 0.953
S9 0.959 S21 0.972
S10 0.959 S22 0.920
S11 0.947 S23 0.943
S12 0.969
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Fig.5 PCA score plot of fresh L. japonicus
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Fig.7 OPLS-DA score plot of fresh L. japonicus
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Peak 2-neochlorogenic acid ; Peak 4-chlorogenic acid; Peak 8-leonurus hydrochloride; Peak 12-rutin; Peak 13-isoquercetin; Peak 15-tiliroside.
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Fig. 8 VIP histogram of fresh L. japonicus
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Table 7 Calculation results of entropy weight method

weight of fresh L. japonicus
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Table 8 Quality evaluation of TOPSIS model of fresh L.

e br il HREMME  NERBWIY%
EhIR o BEELAR S & 0.9102 5.68
R K IRHR S 0.865 4 8.52
U 1 0.899 8 6.34
U 2 G 4 SR 18D 0.9377 3.94
] 0.957 4 2.69
U 4 (LR D 0.946 7 3.37
U5 0.8459 9.75
& 6 0.943 5 3.57
U 7 0.917 2 5.24
U 8 CERTR 2 R B0 0.904 8 6.02
U9 0.9237 4.83
% 10 0.902 5 6.16
I 11 0.920 5 5.03
1207 T) 0.9118 5.58
U 13 CRepf i 09147 5.39
% 14 0.829 6 10.77
I 15 B 0.930 8 438
MES)E 0.956 5 2.75
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Fig. 9 Variation of content and peak area of fresh L. japonicus in different harvest periods
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