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Abstract: Objective To establish the HPLC fingerprint of Lysimachia christinae and determination method of ten components such
as kaempferol-3-O-rutinoside, caffeic acid, rutin, schaftoside, rosmarinic acid, clitorin, coumarin, isoquercitrin, quercitrin, quercetin and

kaempferol, then, evaluate its quality by combining chemical pattern recognition and entropy weight TOPSIS. Methods This
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experiment used ZORBAX Eclipse Plus Cis (250 mm x 4.6 mm, 5 pm) chromatographic column; Acetonitrile-0.1% phosphoric acid
solution was served as the mobile phase, gradient elution; The flow rate was 0.9 mL/min; The detection wavelength was 360 nm and
the column temperature was 30 “C; The high-performance liquid chromatography (HPLC) method with an injection volume of 10 pL
was used to detect L. christinae from different origins, the “Chinese Chromatographic Fingerprint Similarity Evaluation System” (2012
Edition) was used for similarity evaluation, SPSS27.0 software was performed for cluster analysis, principal component analysis (PCA)
and orthogonal partial least squares discriminant analysis (OPLS-DA) were used to evaluate the quality of L. christinae. By comparing
with the reference substance, ten indicator components were identified and their contents were determined. Chemical pattern
recognition and entropy weight TOPSIS were used to comprehensively evaluate the results. Results The HPLC fingerprint spectra
of 15 batches of L. christinae were matched with 19 common peaks, identified kaempferol-3-O-rutinoside, caffeic acid, rutin,
rosmarinic acid, coumarin, clitorin, isoquercitrin, quercitrin, quercetin, and kaempferol. The similarity range of the fingerprint spectra
was 0.703—0.965; Systematic clustering divided 15 batches of goldenrod into four categories, the cumulative variance contribution
rate of the six principal components obtained from PCA was 88.149%, OPLS-DA showed that 11 components were differential markers
for distinguishing the quality of L. christinae; The contents of caffeic acid, kaempferol, coumarin, rutin, isoquercitrin, kaempferol-3-
O-rutinoside, clitorin, quercitrin, rosmarinic acid, quercetin, and kaempferol in 15 batches of L. christinae are 0.006—0.086 mg/g,
0.091—0.521 mg/g, 0.146—0.797 mg/g, 0.165—1.008 mg/g, 0.045—0.450 mg/g, 0.056—0.611 mg/g, 0.052—0.483 mg/g, 0.016—
0.581 mg/g, 0.026—0.088 mg/g, 0.026—0.100 mg/g, respectively; Entropy weight TOPSIS analysis demonstrated that the qualities of
L. christinae from Sichuan and Jiangxi regions were superior. Conclusion The established HPLC fingerprint and multiple constituent
content determination method for L. christinae are accurate, stable, with good separation and repeatability, which can be used for the
quality evaluation of L. christinae and provide the basis for its quality control.

Key words: Lysimachia christinae Hance; HPLC fingerprinting; kaempferol-3-O-rutinoside; caffeic acid; kaempferol; coumarin; rutin;

clitorin; isoquercitrin; quercetin; rosmarinic acid; quercetin; cluster analysis; principal component analysis; entropy weight TOPSIS method
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Table 1 Sample sources of L. christinae

s FEHb =]
S1 HREM 221001
S2 ERAM 221002
S3 R 221101
S4 i BRI 221102
S5 mi=& 221103
S6 VY JIRAT 230101
S7 i 230201
S8 Py I e R B 230202
S9 Py o )& 230203
S10 VY 1 5 BE 2 230204
S11 P e EE 230701
S12 PO )i 5= 231001
S13 VLG L 231101
S14 L HE 231102
S15 YL VG LT 231103
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10%A); KN 30 °C; A% A 360 nm.
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0.02%~0.06%, FHXFUE I AR RSD 4 0.43%~4.12%.
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2-caffeic acid; 4-schaftoside; 7-clitorin; 8-rutin; 9-isoquercitrin; 12-kaempferol-3-O-rutinoside; 13-quercetin; 15-rosmarinic acid; 17-quercetin; 18-kaempferol.
1 15 &% EHR HPLC 155U EE Rt B EiE
Fig.1 HPLC fingerprint of 15 batches of L. christinae and reference

2 15 EHEHS HPLC {58 BIERIMEITFNER
Table2  HPLC fingerprint similarity evaluate results of

15 batches of L. christinae

i HHALEE i HHUE
s1 0.857 s9 0.703
s2 0.927 510 0.929
s3 0.898 si1 0.838
s4 0.830 s12 0.890
s5 0.922 s13 0.930
s6 0.723 s14 0.899
s7 0.965 s15 0.940
s8 0.953
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Fig. 2 Results of cluster analysis of L. christinae
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2.1.10 PCA K3RAEMY 15 MEEARE 254410 19 M3t
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HEAT PCA 20#r, 551K 3 B4 KA 3 F R H-E
EATTRRR ISR . I 3 ATHIET 6 S 28 1k ih
LRATRIFERE RN, MEB 7 N FFaf iz iie T
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Fig.3 PCA lithotripsy diagram of L. christinae
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Table 3 Principal component eigenvalues and

contribution
TR RHEE TETEREYN BRI ETERE%
1 5.749 30. 259 30. 259
2 3. 197 16. 825 47.084
3 2.991 15.745 62. 829
4 2.285 12. 026 74.855
5 1. 520 7.998 82. 854
6 1. 006 5. 296 88. 149
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k49481 Fi IBM SPSS Statistics 27.0 3% ¥ ik
gy o3 Mt il i B4 U7 SO AT R AR I, R A PR
BB K T ZE 1 A e 1338 1~19 S WXt 6 4
FHA TR R, SR NE 4.

51 TR 4 (ERREEED. 11, 18 (thiZ:
M)\ 19 BIDTHRECR: 58 2 ERMr g 8 (1),

12 QLZE@Y-3-0- =&/ ). 13 i), 15 (G
EFR) MITTREE K 55 3 T pisr Xt 3 Alig 10 1
TUHRER R 26 4 R XTiE 5. 64 14, 164 17 (i
B WITTHRER: 55 5 B xtig 7 (BEE )
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Table 4 Factor loading matrix of PCA

= A
B! LS 2 LR 3 LY 4 LS 5 LS 6
1 0.047 0.064 0.149 0.108 0.094 0.963
2 0.476 -0.198 0.328 0.168 -0.529 0.480
3 0.260 -0.243 0.802 0.412 -0.153 —-0.052
4 0.941 0.191 0.021 -0.024 -0.169 0.067
5 -0.086 -0.173 0.124 0.409 0.391 -0.746
6 -0.335 -0.287 0.550 0.601 0.144 -0.123
7 0.433 -0.204 -0.026 -0.040 0.753 —-0.050
8 0.342 0.864 —-0.080 0.106 -0.238 —-0.038
9 -0.120 -0.007 0.000 0.127 0.959 -0.016
10 -0.070 -0.109 0.876 0.176 0.098 0.041
11 0.770 0.015 -0.253 -0.382 0.379 -0.055
12 0.180 0.875 -0.163 -0.152 -0.153 0.097
13 0.293 0.825 0.149 -0.114 0.277 0.243
14 0.054 -0.276 -0.652 0.254 0.177 -0.281
15 -0.210 0.913 -0.082 0.006 -0.002 -0.022
16 -0.359 -0.261 0.353 0.656 0.009 -0.273
17 -0.187 0.117 0.048 0.923 0.031 0.095
18 0.775 0.322 0.001 -0.116 0.055 0.219
19 0.842 -0.002 0.038 -0.215 0.038 -0.024
ffiH SIMCA-14.1 8, AT ol B 3 oA

By oA, PCA BEAYHIEZ 4L R, (0.999) FIT
ZH 0* (0.775) ¥IRT 0.5, UEBApTEEA AR,
15 LS B HS r 45 R ILE 4. HE 4 RILE B A
K] S6 5 S11 Al C 4111y S9 iX 3 #LZH #R A N
BIEL BERHIX 3 AN IR AR 5 HAD AL R 48R E R
BEAHZERK, HAR 12 MUK SR
1E A A D H H I gE s, RIFIX 12 It &R HAE
R FAUE . RS BRI R 5 ek
Fa SU BB (1 22 S A — s SR

2.1.11 OPLS-DA N 7 Btk &5, 1&
PCA 3¢k 4T 7 OPLS-DA 404, 455 K 5,
AR AL RERE J12 40 R* 4 0.856 Al R%y 4 0.925,
TRGE 125 0* N 0.585, UiHIFTE ) OPLS-DA
PR AT, TRINGE SR NI IE A I A i o)
GG, BENLHES 200 AN E AT, 19 B AR5

BB 4
ACH
DA

-6 T T
8 6 -4 2 0 2 4 6

t[1]
R%[1]=0.282 R’y({2]=0.176 Ellipse:Hotelling’s 72 (95%)

El4 SKEM PCARBHE
Fig. 4 Plot of PCA scores of L. christinae
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Fig.5 Plot of OPLS-DA scores of L. christinae
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El6 %#E OPLS-DA BiibitERE
Fig. 6 Plot of OPLS-DA replacement test results of L.

christinae

*5 19 /MEiL%lE OPLS-DA VIP 54}
Table 5 VIP scores of OPLS-DA of 19 chromatographic

peaks
g = VIP U VIP {H
11 1.170 66 1 1.016 240
12 1.149 53 13 0.983 593
7 1.138 43 5 0.961 941
2 1.129 62 3 0.945 719
10 1.120 52 18 0.908 883
19 1.074 32 16 0.861 342
4 1.043 68 17 0.797 641
15 1.041 96 9 0.722 605
8 1.029 43 14 0.701 708
6 1.026 14

HERR). 4 (EMEEE). 6. 7 (BEE ). 8 (T,
10~12 QLZEM-3-0-2=&HET ) 15 GREFIR). 19
T, YLRHIX 11 NG E = R R B A B
H, THERX > &8RS R 2 AR S -

2.2 HPLC ZHHNEE

221 B KA RIS & R AR AW
P& TR “2.1.17 “2.1.27 F1 “2.1.37 TR, IBRAXT
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o
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NN EER RS 0 O~ o <

T T T G T T T
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7 &% E OPLS-DA VIP {E[E
Fig. 7 Plot of OPLS-DA VIP values of L. christinae
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1-UMHERR s 2- BT, 33, 4891 S 6-LLZRIm-3-
O-ZEFEWELT: TR 8-RIEERR: O-ME %, 10- L.

1-caffeic acid; 2-schaftoside; 3-clitorin; 4-rutin; 5-isoquercitrin; 6-
kaempferol-3-O-rutinoside; 7-quercitrin; 8-rosmarinic acid; 9-

quercetin; 10-kaempferol.
8 RAXMEME A) RekEMm (B) BILE
Fig.8 Chromatograms of multi-component reference

substances (A) and L. christinae sample (B)

222 AMEXRERE HURGXIEMIER, H 80%
H R TOR HFRRE, 5 “2.1.17 T 2 A HERE I
SEVEETRIRR, DA 0ot B 1) o B B R Ak (X,
T RUNAARER (YV), 21l 25}-3-0- 2= B HEEF
DNEERR . P RS, RIEERR. O R, 7
MRS s M WY = IOARHERIZR, 10
R R E 7R 2RVEVE IR . MDA E () Z551
W 6.

223 REHEERK WESRFEMSNER, %
“2.1.17 TGS AFESERE 6 IR, HEAARIL
AW -3-O-ZEFMEF . UMMERR . 2T . BT
WEFRR . TR W e L. W
i e RIETH AL E) RSD 20508 1.79%~ 1.21%-
1.34%. 0.92%. 1.66%. 1.89%. 1.43%. 1.42%.
1.55%- 1.29%, KA HELRL, &5 &
M5 ZLR
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F6 SHEP 10 MRSLMER

Table 6 Linear investigation of 10 components in L. christinae

L% EEpsg s r LR VI (ug mLY)

Wi A Y=0.157 3 X—0.010 2 0.999 5 0.52~104.00
B Y=0.290 7 X-+9X 1075 0.999 9 0.67~133.88
e Y=0.212 3 X—0.046 2 0.999 6 1.05~210.60
T Y=0.2955 X—0.036 2 0.999 7 0.88~176.80
SR Y=0.398 7X—0.015 9 0.999 5 0.48~96.080
1L 25 -3-O-E Fpi Y=0.264 6 X—0.009 8 0.999 9 0.58~115.72
w17 Y=0.319 6 X—0.013 0.999 9 0.44~87.84

RIEFIR Y=0.155 X—0.222 8 0.999 2 1.57~313.50
MRz & Y=0.654 X—0.029 4 0.999 8 0.11~22.79

L 221 Y=0.699 8 X—0.023 6 0.999 9 0.19~38.93

224 FoEMRE WEEREAM, & “2.1.17

WS 20 3 T8\ T 0. 2. 4. 8. 12, 24 h
BEREE , THEAR R 8 -3-0-ZFHE .
f. 7T BRI, RIERIR. BT R TR
T M. MR M RIS T AR RSD 43 )
9 2.21%- 0.73%- 1.06%- 0.86%- 1.51%- 1.11%.
1.19%- 2.72%- 1.37% 1.73%.

225 EEMWRE HE—#IRNESERELMH R,

F742.1. 27 BT AT H 6 A id, $442.1.17
TP AR i, TH AR LR -3-0- 2= B
L UNHERR . T BMIEE . RIEER. BT R,
S Ll 2SR A 2R R 2 B0 RSD
3N 3.01%-2.08%- 1.71%- 1.60%- 2.73%-2.05%-
1.97%- 2.59%- 3.36%- 1.92%.

2.2.6 NFEEIGCERRE RS ARELC I E & &1
SERHE 0.5 g, RN IL AR -3-0- & PEE .

M. 2T B REFR. BE R, FHY
T M. MR Wi ERIX 10 RS, %
“2.1.27 BUTFATHI 6 UK SIA R, HEREI
5E, AN 2 M-3-0- 25 F P ERR . £ TS
HORET . REFR. BER. WM. LB,
Wi Rz M 2R TR IR RN SCR 43 51 98.63% -
101.12%. 94.47%. 95.07%. 107.28%. 104.33%.
94.71%- 98.29%. 100.56%. 104.53%, RSD Z35A
1.04%.3.42%-2.23% 1.92%- 3.02%- 2.95%. 3.80%-
3.94%. 1.86%- 2.49%.

2.2.7 FEAEENE 1S5 AT M, %
“2.1.27 WA AR R, 1% “2.1.17 Tt
TSR, TRERE R L A -3-0-EE T
WIHERR . 2T BT REER. MUK, F
W Ay MR, WA RS R, &
W2 7.

=7 15HEHEF 10 MRS SENENER

Table 7 Determination of content of 10 components in 15 batches of L. christinae

R HU(mg g7Y)

MR HMEE O BRER M1 RECH RW-3-O-=&EH  WECH  REER AR ERH
S1 0.064 0.242 0.494  0.213 0.194 0.144 0.149 0.094 0.031 0.039
S2 0.043 0.163 0.384  0.235 0.257 0.215 0.283 0.145 0.034 0.056
S3 0.010 0.158 0.146  0.224 0.140 0.223 0.197 0.074 0.046 0.052
S4 0.019 0.265 0.797  0.178 0.267 0.446 0.223 0.023 0.026 0.100
S5 0.067 0.172 0.322  0.188 0.116 0.076 0.079 0.057 0.058 0.042
S6 0.086 0.284 0.223  0.233 0.045 0.257 0.109 0.016 0.032 0.076
S7 0.021 0.244 0.453  0.336 0.213 0.264 0.173 0.087 0.065 0.090
S8 0.052 0.230 0.404  0.262 0.147 0.195 0.105 0.030 0.036 0.047
S9 0.006 0.095 0.303  0.165 0.142 0.056 0.079 0.051 0.046 0.032
S10 0.048 0.231 0.447 0291 0.206 0.138 0.179 0.095 0.088 0.061
S11 0.074 0.521 0.544  1.008 0.450 0.611 0.483 0.581 0.071 0.061
S12 0.034 0.340 0.570  0.364 0.095 0.196 0.123 0.128 0.034 0.049
S13 0.041 0.242 0.565  0.363 0.228 0.316 0.221 0.081 0.059 0.048
S14 0.017 0.001 0.276  0.183 0.202 0.104 0.052 0.090 0.045 0.026
S15 0.067 0.245 0.344  0.303 0.179 0.325 0.187 0.064 0.068 0.076
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15 AL b il 22y -3-0- A . WIERR .
T BB, RERR. MO R, BT, 1L
AWy M. MR E S S B8 0.056~
0.611. 0.006~0.086. 0.165~1.008. 0.091~0.521.
0.016~0.581. 0.146~0.797. 0.045~0.450. 0.026~
0.100. 0.052~0.483. 0.026~0.088 mg/g.

2.2.8 JHBL TOPSIS 73t #EdE 15 #L&EEE 10
PRy 102 2 5 45 2R 5 N SPSSUA FEZR R AFi3EAT
R TOPSIS 704, tH5EAF 2 IEBAER S (D
HARRR S (D7) VLRI EEEE (C) B THET,
DAVEA S R i B AL S5, BRI Hir 4 R LK 8.

*8 EHRERETSHF
Table 8 Ranking of quality scores of L. christinae

i Di* Di- Ci HE¥
S1 0.290 0.085 0.226 10
S2 0.270 0.096 0.262 9
S3 0.296 0.065 0.180 13
S4 0.295 0.128 0.303 6
S5 0.304 0.084 0.217 11
S6 0.299 0.107 0.264 8
S7 0.257 0.117 0.312

S8 0.295 0.073 0.198 12
S9 0.326 0.039 0.107 15
S10 0.263 0.127 0.325

S11 0.052 0.328 0.863

S12 0.263 0.095 0.266

S13 0.251 0.113 0.310

S14 0.315 0.047 0.131 14
S15 0.258 0.125 0.326 2

15 LR S5HAE C HF 8 S11>S15>
S10>S87>S13>S4>S12>86>S2>S1>S5>
S8>S3>S14>S9, HE&Hi 5 AM&Z& S11>S15>
S10>S7>S13, XFRi=H#iAPY)Il (S11. S10. S7)
FIYLPE (S15. S13).

3 g
3.1 BiERARNIRT

RIEHE T ARPK (DAD £ KFH (200-
400nm). ARSI (ZHE-0.3%EEE: . 2. 1E-0.1%
HIR. N5-0.1%5R . LHE-0.3% R ) AFFE IR
(25, 30 35, 40 C). AFRMAERGE (0.8, 0.9,
1.0 mL/min). A4 (ZORBAX Eclipse Plus
Cis~ Sepax GP-Cis+« YMC-Triart Clg)’ %é@ﬁﬁfﬁﬁ
MK 360 nm, AFUAEA 0.9 mL/min, A

30 C, WA LHE-01% R, Bt l
ZORBAX Eclipse Plus Ci3 (250 mm X 4.6 mm, 5 um)
T i A Ay B8 SR
32 #il@mAiRsE

RIS LA 10 P sy IR e TR R B 2 2 A 4331
FR T AR O ERERI 8RR
FEHUAT (50%HEE . 60%HEE . 70% HEE. 80%H
M. 90% HPE . FHEE) . AR (104 20, 50,
75. 100 mL). #EHUAFE (30, 40, 60~ 90 min).
PEECEL (1. 20 390D, SEREFWIMEH 1 g &AL
MR, AN 50 mL 80% H BV, KB InFEA 1
h 25 1 IR 0T
33 B EETRIERE

SERELF B BN A RS, A
AER\E BB ETRAGE A biaf. k. RIT
(VER, sk m] DLIE ) o A i AR T e . =
TH ST B I AR AR RS, T BT A B AR
F, ArdE s AR B ) P2XT AR E
RIEMEIEIS. SR T EAPUEML. Pk, T
JSR e IR S5 A ) S P OO0, M T B R
PTAARE 0, FLE A ] M40 48R 4T
JESE YNGR, M R B AR ER, 2
FAE-2 (COX-2) EFMEHIHIF], PIFE{K COX-2 1E
SREHRTEFHR, BRibZ AR Z e BT 2, i
2L FUR R, AT, B RO EH . 1
BM-3-O-E=FMEE FEAEAYUMRE. Pk, #17
H RS W AR R RS PR R, e R A A PUELE
F s BT 3@ 980 A i A= i TG el U g 7 7%
PERS21, [ 25 R PR PRI PUREE. Prd.
PUAAL S AEYIE R, ERR . RIEFIR AR
FUEY), yFREEnT S A REE R, M E
sE R N 2 b, BRI BB EALRE ST, Bt
Z AR IS B Pl Prae (RAFSSERB 2%
EHERICHAHEER, UAIEE S WHRRE T
KA TR EXT HIV A BRIk 250w
BRI B34, PRI AR SIS IR H LA b 10 FhE 0k
IHEREBEIERS, NG &R 5 R B4t
S,
34 BYUEESEENEERIH

A R T ERBL 256 T & VP I SO L
WZ, BARFE—ENE. TEHEIBEREST
J5HL TORSIS KX & B ELZ M AT T R EVHY, H
CE B E O febnUAE (R E 258 (2L T3
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T 1 AESY QUZSE-3-0-ZEFEL), R
el K IRZEBOE ] UHPLC-QTRAP-MS/MS Xif
A= A BEAT T RN, B e B o4
T, (B 45 A48 0 EE o HAS I E 2B
FRA s R AR THE I SR 6 FhiE R
I3 B RN SR A M AT, (BT Z M i
R B 4 A Fe SUEIE B A =R B T, A
AT RS, TP AFRSURITE WAk AP S B
B E R, ¥ Zis T aitt bl kb2
1177 S5 o A s R 8L, 2 R bR 2 e T AHER
M5 G EL R bR L B B & . f§AL TOPSIS 434
TE S AL AR EHINE, 454 BUER TOPSIS 2
A CATE R 2 SIS SR G AR AR IR, $R P
WraE R AT S R UER M . R R 2 FR S g S
Z ¥R bR & I E 245 6 P i A 2 U R A5 A
TOPSIS 447 AT LA S U (1 VP 4 8% 5 24 1 11 B 4 ol
&, H HPLC #H%: T UHPLC-QTRAP-MS/MS 43#
AP AT ERAE SR SN2 AR .
ARSZIGENL T 15 ALEEREMIRLUEE, LT
B 19 AN g, ik 50k R 0 B kAT Ex
RN 10 FPESy, 23 A0mneERR (2 S0, B
B 45018, BEER (7518, T (8 51%),
S (9 S8, IIAEE-3-0-EHPET (12 5
W, M (13 506, RIEFR (15506, i
&R (17508 12/ (18 F51§); FrarEiEHIML
FELH] S2 (ERAFD. S5 (WUNI=4H). S7 (JUJI|
{=75). S8 (PUNTEHED. S10 (PU)I#EBH 22 EE D,
S13 (JLtJA ) S15 (VLG JLIT) AHALEELE 0.90 LA
b, R 7 MR A SR, HARIR SR
BBV, Hor s6 (PO, S9 Pyl
JCE)ID MR 0.80 LLR, RIAIX 2 fitk &4k
HHADHEIR &85 5 = B3 . HCA. PCA 45 R £ W
S4. S6. S9. SI1. S5iX 5 AMHEUKES 5HAHEIK
Z 5 HCNM R . OPLS-DA 45520 1. 2 (WiHERR )
4 (BREHE). 6.7 (BEEER). 8 (7). 10~12
L Z5M}-3-0- /M) 15 GRIEFRR). 19 S,
AR AN A P A R FE 1) 22 A i . ARSI & &
D58 25 F 2 7R AS [R) 7= b 1) 48R F A b 1k 0 7
AR E 7R, AL TOPSIS 3545 B2 B Y )1 F1VT
PO SR B R S R, AL R
Ji7 BRI AT R 5 BT 0 S 1 4 Bl Bk D L AR K ) e B
B A SR A LR G AR TR AT 2
LGS R 3G 0%, Ja Bkt — 28 4 R 7 i DA

Jre i S SRR A TR A7 2R
25 I Bl ) A R i A R R AR K 1) 0 B S B B
BT, NERFEREF RIS %,

AWFFC S T AR E Y HPLC 580
W, WHE 719 Mg, 458 HCA MTPCA #4515 41t
SEREX RN 4 35, PCA i 6 Bl e o () BRI
ETTHRER N 88.149%, OPLD-DA ffikth 11 4> VIP>
1R85y, 2008 1. 2 (IEERR) . 4 CRAREETE. 6.
7 (BEEE). 8 (T, 10~12 GLZEE-3-0- 70
. 15 GRERER. 19 S, AI{ENAF= 4
B ZE bR EY), FEE T H AL ER-3-0- = &b
T iERR . T BRI, REER. BT
MR LAY MR M 3O 10 AR bRk
S E R, ARSLIGHTE ERERYE. RE . HRE
PELF, Z5HTIEE, 0] A TR T e 2 T 1 Ak
BRI T
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