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Quality control of Prunella vulgaris based on HPLC fingerprints combined with
chemical pattern recognition and content determination
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Abstract: Objective The quantitative method for the quality makers screened by a chemical pattern recognition method combined with the
HPLC fingerprint was established, so as to provide reference for scientific and comprehensive quality evaluation of Prunella vulgaris .
Methods Fingerprints of 30 batches of P. vulgaris were established by HPLC. Similarity evaluation was performed by using Similarity
Evaluation System for Fingerprint Chromatogram of TCM (2004A) to confirm the common peak. Principal component analysis and
orthogonal partial least squares discriminant analysis were used to screen out the components that caused the quality differences in the batches.
Quantitative method of the screened quality makers was established, and its content in 61 batches of samples was determined. Results The
HPLC fingerprints of P. vulgaris were obtained, and a total of 28 common peaks were marked. The similarity of 30 batches of samples was
higher than 0.970, which indicated that the overall quality of P. vulgaris was relatively stable. Caffeic acid (F5), hyperoside (F9), isoquercitrin
(F10), salviaflaside (F11), and rosmarinic acid (F12) were recognized as the quality makers using principal component analysis and orthogonal
partial least squares discriminant analysis. Five markers, which showed good linear relationship, were used as indicators for content
determination. The average recovery was 95.0%—105.0%, with the RSD value less than 3%. Conclusion The analysis method established
was scientific, accurate, and reliable. A more perfect, reasonable, and effective method for quality evaluation of P. vulgaris was constructed

using a fingerprint combined with chemical pattern recognition technique.
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Table 1 Sample information
95 i fit5 95 i fit5
S1 i 20190925 S32 pigs 190101
S2 Ak 190601CP257 S33 95 19031401
S3 L 2019031801 S34 ANl 201809179
S4 v 181001 S35 2 [ 19031401
S5 thivg D8020201 S36 (5] 180401
S6 G 181218 S37 2 20181201
S7 ek 20190303 S38 2B 700002737
S8 o5 51781201 S39 bl 190907
S9 LR 180101 S40 beile 190601
S10 L 160101 S41 I 20190607
S11 AN} P2019032614 S42 N 20190506
S12 G 190201 S43 2 20181001
S13 R 190301 S44 i} P2017031609
S14 Z 19032202 S45 i} 20180401
S15 G 181101 S46 o] 190101
S16 M 190301 S47 2 20150701
S17 VLI 180401 S48 R 190614
S18 Z 1903310452 S49 AN} 190101
S19 o)) 20190201 S50 N 190307
$20 biiBl 181101 S51 VANIL 181201
S21 Vi) 1810009 S52 ) 17021008
S22 R 160826002 S53 N 20180801
S23 N 1708046 S54 2 93570101
S24 TR 1904047 S55 L5 17010501
S25 VLI 1708046 S56 o] 16080701
S26 TR 1804033 S57 L5 517181201
S27 MENE] 1802010 S58 G 80000063
S28 Bk H80101 S59 Fg 181157
S29 2 90000140 S60 T 95 1901052
S30 7 [H 18041311 S61 ) 1905005
S31 LI 1903310452

min, 22%~30%A; 60~85 min, 30%~45% A;
85~108 min, 45%~77% A; 108~120 min, 77%~
100% A. AFE 1.0 mL/min; #013K 290 nm;
FEIR 30 °C; EFERE 20 pL.
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Fig.1 Common HPLC specific chromatogram of 30 batches of P. vulgaris
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Table 2 Eigenvalue and contribution rate

i _ BIAEHFEAS ‘ S RN
it 1 ZE TR % SRR/ % it 1 ZE TR %o SRR/ %
1 8.481 30.289 30.289 8.481 30.289 30.289
2 3.998 14.280 44.568 3.998 14.280 44,568
3 3.566 12.735 57.303 3.566 12.735 57.303
4 2.381 8.505 65.808 2.381 8.505 65.808
5 1.739 6.211 72.019 1.739 6.211 72.019
6 1.350 4.821 76.840 1.350 4.821 76.840
7 1.225 4375 81.215 1.225 4375 81.215
8 1.065 3.805 85.020 1.065 3.805 85.020
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Table 3 Initial factors loading matrix

5 T3 By
1 2 3 4 5 6 7 8

1 0.490 0.029 0.329 —0.484 0.284 0.277 0.151 0.353
2 0.250 0.133 0.892 0.030 0.043 0.007 —0.033 0.059
3 —0.400 0.092 0.655 0.022 0.191 0.044 —0.180 0.459
4 0.402 0.580 0.302 0.428 0.081 0.003 —0.155 0.178
5 0.740 0.297 0.107 —0.163 0.246 0.104 —0.055 —0.095
6 0.569 0.054 0.229 0.011 0.489 —0.248 0.277 —-0.122
7 0.199 0.512 0.267 —0.083 0.123 0.314 —-0.503 —0.264
8 0.775 —-0.138 —0.486 —0.050 —-0.104 —0.059 —0.004 0.206
9 0.867 —-0.170 —-0.237 -0.174 —-0.197 —0.081 0.060 0.098
10 0.670 —-0.192 0.241 0.104 —0.053 —0.133 —0.343 —0.098
11 —-0.733 0.359 —-0.106 0.196 0.183 0.255 0.166 0.136
12 0.774 0.117 —0.066 —0.009 0.477 0.042 —-0.151 0.082
13 0.883 —-0.111 0.173 —-0.072 —0.038 0.153 0.030 0.058
14 0.667 —0.088 —-0.121 —-0.020 —0.334 0.324 —0.295 —0.064
15 0.373 —-0.431 —-0.011 0.094 —-0.128 0.619 0.302 0.048
16 0.819 —0.063 —0.081 —0.283 0.081 —-0.191 0.019 0.037
17 0.401 0.487 —-0.399 —-0.231 0.013 —-0.233 0.269 0.317
18 0.338 0.427 -0.314 0.598 0.166 —0.144 —-0.050 —0.150
19 0.104 0.404 0.515 0.332 —-0.401 0.215 0.337 0.131
20 0.709 0.391 —-0.029 0.421 —-0.149 0.008 0.229 —-0.107
21 0.748 0.353 —-0.113 0.444 —-0.150 0.049 0.175 —0.104
22 0.176 —0.535 —-0.157 0.504 0.237 —0.186 —0.198 0.371
23 0.102 —0.346 0.575 0.106 —-0.550 —-0.221 —0.108 0.120
24 0.303 —-0.301 0.637 —0.146 0.195 —-0.112 0.263 —0.409
25 —-0.115 —-0.676 0.425 0.303 0.200 —0.154 0.238 —0.086
26 —0.681 0.532 —0.058 0.206 0.217 0.076 0.068 —0.011
27 0.132 —-0.597 —0.055 0.648 0.137 0.065 —0.087 0.087
28 0.014 —0.625 —0.324 0.123 0.338 0.453 0.019 —0.080

28 1E55 2 Lo A LR T (s W 2. 24 7558
3 R A R AR, U6 27 AR5 4 s
A BB AT, W 23 A5 5 EmRP YRR
BATE, R S AL 2 o 2 R ) e A
gy, MARR—S . FIH SIMCA 13.0 #444:
i PCA 547K, WK 2. H PCA K40, 30
A ERE S R AT 2 NI, R0 30 #EE
Rl ERE ST AR 3 A 2 2K

2.1.9 EA RN a3t (OPLS-DA) 24
T T4 Bk 2 MR R AR 2E SR
FEFREY), KA OPLS-DA XJ B A SkE AT 20T

t[1]

2 EREPCA
Fig.2 PCA plots of 30 batches of P. vulgaris
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TR R I 3% B AT Gt h 22 B X 2= A i), 7E
0.95 I EASIX AN, P VIP>1.0 (kg 25
bR, W12, 114 9. 104 5 [ VIP {5354 3.42.
2.83.1.38.1.28. 1.12, ¥JKT 1. Kk, HH OPLS-DA
ERATHD, U 120 11, 9. 10, 5 ATAENSERIRIX
o3 B R bR S .

A

20

13105 * to[1]

20 0 20

1.000 26 *t[1]
1~30-fRFRM: A S1~830
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3 EHER OPLS-DA 545 E
Fig.3 OPLS-DA scores plots of 30 batches of P. vulgaris
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Fig. 4 VIP plot
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I BER
223 (G4 RH Aglient Eclipse XDB-C g
(250 mmX4.6 mm, 5um) g FEIAHA NG
(A) -1%BSRRKEEH (B, % “2.1.37 T 1AM S
VM 53 min, AR 1.0 mL/min; K309 K 330 nm

WAAETR 0] TR B B A R i B LI 5

A 330 nm 12
5 11
............................ ——h ——
B 350 nm
910
330 nm 1
c 5 11
o I S | QR
D 350nm
P - W [ —— 9/\10,\ (S o R
0 10 20 30 40 50
t/min

SR O-EABkF 10-FCH  1-FRbiEEIRY  12-R0SEIR

S-caffeic acid  9-hyperoside  10-isoquercitrin  11-salviaflaside

12-rosmarinic acid
E5 REXMEM (A, B) MIERERR (C. D) BYHPLC
Fig. S HPLC of mixed references substance (A, B) and P.
vulgaris sample (C, D)
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224 MR EE ORWEI 2217 WURRAXT
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&, AHREA BRI 2; RPN 5 mL JR A
AV 2, E T 10 mL B, IR R A0,

FHEE XA 3; R PR E EHHR A
WAV 5, 4% “22.37 TR Ok SFERENE, L
B OO AREAARR, I mR (V) A AARR,
LR -IZ A TR LR, AR IR 4.

R4 KMEVAFEEXRY

Table 4 Linear regression equation and correlation coefficient

WEY A EVE Yy i AR REL LEVEVE /g
I Y=5 681 842 X+29 935 0.999 8 0.036 380~0.582 08
& 2 Bty Y=2 041960 X+2 672 0.999 4 0.021 930~0.350 88
SR Y=2 117 140 X+372 0.999 9 0.037 950~0.607 20
SRR T Y=1737 725 X+23 786 0.999 9 0.153 125~2.450 00
RILTFIR Y=3 025 188 X+ 156 286 0.999 8 0.511 000~8.176 00

225 KEEFERES RS R R — B R AL
(S30) Wi, HELERERE 6 W, MIEmnnErgR . 4228k
T MR T I R T R R 7 1R £ 1 e U
AL, 4335 RSD. WNMERR . & 22 Bk, St
T FREFRFARIEFRIETAT RSD 44|
$91.30%- 1.61%-+ 1.92%. 1.15%- 0.59%, FHHIX
AR B R UF

22,6 HEVERLE RS ARELR 2 R HOR R
(S30), f% “2.2.27 WU JiEHlE 6 il i,
MEWMEERR . S22 Bk MR . RRiE AR
FIRR LA TR (TR U IR, 23 ) o B3~ 38 o i 704K
FIRSD. WMHERR . 4228kttt SFkikdr
PR L FH R 2K 7 R (1)~ 24 o £ 43 45093 74 0.020 9%
0.015 0%- 0.009 8%. 0.101 6%. 0.262 7%, RSD
S0 1.28%. 2.30%- 2.37%- 0.69%. 0.83%, %
W R M R AT

227 REPERES RS R — B R
WK (8300, % “2.2.37 IR RELARo ATl
J5 0 2+ 4. 8y 12 24 h JEAE, MEmimER .. 44
BEFF . MR SRR R AN Rk IR (i U
WETHIAN, 235 RSDo MNMERR . 422 k. il
Fetf. FRRIEFR T ARIER R A RSD 4>
Bk 1.18% 1.34%- 1.91%. 0.79%-. 0.50%, #£W]
R VAR 24 h RS ETE R 1T

2.2.8  INFE[EIC ARG RS SRR O 1 A
HOR 6 4y (S30), B2 0.125 g, 73 Ak EIMA
ARG, H% “2.2.27 TR 7l g
W W S A TR, TEEIERR . S22 Bk
T MR T Rk W RN R A IR 1) T34
FERSCE AT 514 101.2%- 99.37%- 99.62%- 101.6%-

99.12%, RSD 23514 2.22%- 2.20% 2.62%- 1.91%.
1.53%.
2.2.9 FEAIE K 61 HE M “2.227 TR
T3 A i R, % “2.2.37 TR g Ak
PRI, TSRS R RS . 2B Y
. FREFRITMREERNGE, S4RILE
5, WNMHERR 1) )5 & 43 508 0.005 2%~0.052 0%, 4=
22 BRI R 23 H0h 0.006 4%~0.045 6%, Sl
FeFF TR 43 B0k 0.008 1%~0.036 7%, Spikisk
FERTFF I TR 2 BN 0.044 4%~0.168 7%, ik
TR T B> $0h 0.202 1%~0.789 9%. PCA Fi
OPLS-DA 43 BT UL 3R BH 2K 3% Ay 19 F1 e 2K 3%k 7y 12 7
XF X 53 BRE BRI DTRRAOR, 61 LB A RRE
S Rk TR PR IE /IR I & A s, N A
R R AR S
3 g
3.1 REFAZERER

FREUEIEITFT P B 5 T AN FREUTVE GBI
Bl BHEEE (150 20, 250 30 %) ZERHEHUK
R, DA s, oy 2 RSL L RS RE B N T R
b, i IR, BRE LGS 17 20, [H1% 60 min
b R RR S B AP A s Bl e rh e
TOR[EIEC v G RIEIAD . SRBOET] CFREE,
70% I EE . 50% FHEEAT 30% . ) BRI 5743 &
(60. 80. 100 120 fi5) FIHLELI [A] (30 60+ 90 min)
SPFRPRE S R, MRS S RN AR, R
ffisE 100 % 50% H EL AN F A FE X 60 min.
3.2 ‘i AmmK

T LIE-KS CIE-1%BE R KR -
Ky FHRE-1 Y%l R 7K VAN TR A st A R €8 il e 4 25
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Table 5 Contents of five constituents
i JCE KU % . g 4
PIMEER BB REE  RREERE  KIEER PR BB RWKE  REREERYT  REER

S1 0.0416 0.0226 0.0131 0.147 1 0.4190 S320.0298 0.0392 0.0251 0.044 4 0.789 9
S2 0.0239 0.0318 0.008 6 0.068 3 0.488 6 S33 0.0279  0.0208 0.009 6 0.116 2 0.2555
S3 0.0198 0.0116 0.008 1 0.104 6 0.256 8 S34 0.0202 0.0125 0.008 5 0.090 4 0.2459
S4 0.0200 0.0317 0.022 1 0.097 4 0.405 6 S35 0.0232  0.0272 0.0120 0.1326 0.3377
S5 0.0229  0.0262 0.0167 0.1114 0.2915 S36  0.0262  0.0348 0.0151 0.096 5 0.5720
S6 0.0289 0.0138 0.008 5 0.1617 0.2829 S37 0.0226  0.006 4 0.008 4 0.1130 0.2774
S7 0.0250 0.0316 0.0152 0.100 3 0.358 6 S38  0.0239  0.0188 0.010 4 0.1211 0.2714
S8 0.0237 0.0179 0.0123 0.118 8 0.250 4 S39  0.0267  0.0308 0.0180 0.0811 0.579 4
S9 0.0272  0.0456 0.029 6 0.101 6 0.3802 S40 0.0234  0.029 8 0.0156 0.1029 0.596 0
S10  0.0520 0.0379 0.017 4 0.160 7 0.536 6 S41  0.0261 0.0454 0.0159 0.0542 0.780 5
S11 - 0.0274  0.0265 0.0130 0.094 4 0.390 5 542 0.0255 0.026 8 0.012 6 0.080 3 0.649 6
S12 0.0052 0.0119 0.0367 0.1610 0.4101 543 0.0203 0.0155 0.010 6 0.084 7 0.2324
S130.0233  0.0227 0.008 8 0.0939 0.278 0 544 0.0361 0.0309 0.0141 0.076 9 0.3420
S14  0.0244 0.0256 0.009 8 0.091 4 0.298 0 545 0.0183  0.0207 0.008 3 0.059 3 0.2815
S15 0.0174  0.0097 0.008 4 0.1129 0.205 6 S46  0.0340 0.0226 0.009 6 0.1059 0.232 6
S16  0.0226 0.0220 0.014 4 0.097 7 0.222°5 S47 0.0223  0.0150 0.008 5 0.1079 0.254 7
S17  0.0215 0.0248 0.0102 0.088 0 0.260 1 S48 0.0245 0.0175 0.0119 0.1220 0.283 5
S18  0.0266 0.0246 0.011 4 0.088 5 0.407 8 S49  0.0261 0.0246 0.0133 0.067 6 0.304 1
S19  0.0195 0.0130 0.009 6 0.165 8 0.266 0 S50 0.0259  0.0238 0.0172 0.109 8 0.297 5
S20  0.0205  0.008 2 0.008 3 0.144 6 0.204 9 S51  0.0184  0.0134 0.008 3 0.086 4 0.202 5
S21  0.0224  0.0318 0.017 4 0.123 5 0.266 9 S52°0.0193  0.0173 0.0137 0.095 5 0.207 7
S22 0.0128  0.008 2 0.008 5 0.106 9 0.202 1 S530.0243  0.0125 0.0107 0.1317 0.429 2
S23 0.0203  0.0158 0.0107 0.144 4 0.295 8 S540.0229  0.0199 0.0117 0.120 1 0.400 7
524 0.0215 0.0111 0.008 5 0.1551 0.230 6 S550.0223  0.008 5 0.008 3 0.1254 0.276 7
525 0.0203  0.0158 0.010 4 0.144 3 0.2955 S56 0.0199 0.0184 0.009 5 0.088 5 0.287 5
S26  0.0174  0.008 5 0.008 7 0.146 1 0.270 5 S57 0.0251 00111 0.009 5 0.146 3 0.2873
S27  0.0187  0.0095 0.008 4 0.120 8 0.2143 S58 0.0209 0.0131 0.008 9 0.093 8 02177
S28  0.0265 0.0316 0.0122 0.106 6 0.369 8 S59  0.0277 0.0401 0.0157 0.0722 0.3290
S29  0.0160  0.006 4 0.008 3 0.168 7 0.202 4 S60 0.0248 0.0123 0.009 0 0.1170 0.259 5
S30  0.0199 0.0156 0.009 7 0.109 6 0.268 6 S61  0.0248 0.0205 0.008 3 0.1127 0.527 8
S31 0.0225 0.0126 0.008 7 0.112'5 0.276 2
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