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Quality evaluation of Hypericum perforatum L. medicinal materials based
on HPLC fingerprint combined with chemical pattern recognition and

multi—-component quantitative analysis
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(Abstract] Objective To establish an HPLC fingerprint and develop a content—determining method for three flavonoid
components (hyperoside, quercetin, and hypericin) in Hypericum perforatum L. medicinal materials, and to assess the quality of
Hypericum perforatum L. medicinal materials from different origins by applying chemical pattern recognition. Methods HPLC-
DAD technique was employed with a Phenomenex ODS Cj column (4.6 mm x 250 mm, 5 pwm) and a mobile phase composed

of methanol-0.1% phosphoric acid aqueous solution for gradient elution. The fingerprint of Hypericum perforatum L. medicinal
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materials was established, and the component contents of the three flavonoids were simultaneously determined. The software
Similarity Evaluation System for Traditional Chinese Medicines Fingerprint (2012 edition) was used to confirm common peaks
and evaluate the similarity of 12 batches of medicinal material samples. Statistical analyses, including hierarchical cluster
analysis (HCA), principal component analysis (PCA), and partial least squares—discriminant analysis (PLS-DA), were performed
using SIMCA 14.1 and SPSS 22.0 software to assess the quality of Hypericum perforatum L. medicinal materials from different
origins. Results The HPLC fingerprint of Hypericum perforatum 1. medicinal materials was successfully established, with
similarity values exceeding 0.85 for all 12 batches, and 14 common peaks were identified. Through chemical pattern recognition
analysis, HCA classified the 12 batches of Hypericum perforatum L. medicinal materials into four categories, reflecting the
quality characteristics of Hypericum perforatum L. medicinal materials from different origins. PCA selected three principal
components with a cumulative contribution rate of 88.484%, identifying five key chemical components influencing quality. PLS—
DA screened five differential components, with three (hyperoside, quercetin, and hypericin) identified as quality markers for evaluating
quality variations. Furthermore, the content of hyperoside, quercetin, and hypericin were determined, with mean values of
04614%, 02760%, and 0.0514%, respectively. Conclusion The established HPLC fingerprint combined with quantitative analysis
demonstrates strong specificity, high stability, and good resolution. It can be objectively, comprehensively, and effectively used
for the quality evaluation of Hypericum perforatum L. medicinal materials, providing a basis for their quality control.
(Keywords) Hypericum perforatum L.; fingerprint; different origins; hyperoside; quercetin; hypericin; chemical pattern

recognition
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Table 1 Origins of Hypericum perforatum L. medicinal material samples
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Table 2 Analysis results of HPLC fingerprints for 12 batches of Hypericum perforatum L. medicinal material samples
e AEX R AFXT U TR A
A5} 8] /min S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
1 0.437 0.033 0.033 0.056 0.024 0.023 0.026 0.012 0.027 0.011 0.046 0.053 0.046
2 0.681 0.006 0.008 0.012 0.008 0.012 0.013 0.010 0.024 0.014 0.038 0.045 0.010
3 0.744 0.009 0.012 0.016 0.006 0.008 0.010 0.005 0.007 0.007 0.020 0.031 0.016
4 0.823 0.016 0.024 0.012 0.019 0.021 0.019 0.019 0.025 0.016 0.015 0.014 0.015
5 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
6 1.151 0.242 0.263 0.192 0.195 0.216 0.237 0.185 0.227 0.231 0.215 0.167 0.155
7 1.212 0.043 0.052 0.032 0.045 0.049 0.049 0.036 0.034 0.041 0.047 0.046 0.028
8 1.290 0.237 0.372 0.588 0.362 0.426 0.440 0.296 0.786 0.513 0.528 0.383 0.332
9 1.537 0.689 0.998 0.604 0.446 0.620 0.660 0.516 0.506 0.390 0.818 0.689 0.543
10 1.586 0.114 0.168 0.386 0.216 0.229 0.263 0.058 0.292 0.349 0.201 0.220 0.179
11 1.765 0.026 0.027 0.041 0.022 0.025 0.026 0.020 0.033 0.016 0.045 0.032 0.031
12 1.791 0.067 0.084 0.026 0.038 0.049 0.052 0.047 0.026 0.047 0.040 0.037 0.036
13 1.894 0.467 0.638 0.616 0.426 0.537 0.624 0.147 0.282 0.380 0.487 0.594 0.456
14 2.172 0.022 0.032 0.039 0.021 0.030 0.030 0.026 0.021 0.019 0.020 0.022 0.026
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Table 3 Similarity evaluation results of 12 batches of Hypericum perforatum L. medicinal material samples

G S1 S2 S3 S4 S5 S6 s7 S8 S9 S10 S11 S12
S1 1

S2 0.982 1

S3 0.945 0.949 1

S4 0.977 0.944 0.978 1

S5 0.985 0.972 0.988 0.991 1

S6 0.981 0.978 0.992 0.985 0.998 1

s7 0.963 0.921 0.912 0.964 0.951 0.932 1

S8 0.899 0.887 0.961 0.951 0.948 0.938 0.927 1

S9 0.936 0.906 0.981 0.987 0.974 0.968 0.941 0.977 1

S10 0.978 0.982 0.977 0.972 0.993 0.987 0.949 0.951 0.953 1

S11 0.987 0.983 0.983 0.981 0.997 0.997 0.938 0.927 0.957 0.989 1

S12 0.995 0.985 0.992 0.995 0.985 0.992 0.966 0.992 0.998 0.995 0.985 1
Xt 8 0.986 0.972 0.984 0.994 0.998 0.994 0.965 0.956 0.978 0.991 0.993 0.996

B 1.053 1.399 0.749 1.235 0.724

1.276 1.393 0.872 1.494 0.603 0.555 0.631
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Fig.2 Dendrogram of cluster analysis for 12 batches of Hypericum perforatum L.

medicinal material samples



1254

TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 4%

F4 RMERAMERIELIEEFIEFHEEN T ERBE
Table 4 FEigenvalues and variance contribution rate of
common peaks in fingerprints of Hypericum perforatum L.

medicinal material samples

%y FHAEAE Tr ZETTHRR % S BTk /%
Al 9.036 64.542 64.542
A2 1.862 13.302 77.844
A3 1.489 10.639 88.484
A4 0.669 47717 93.261
A5 0.439 3.137 96.398
A6 0.266 1.897 98.295
A7 0.096 0.684 98.979
A8 0.055 0.391 99.370
A9 0.047 0.332 99.702
A10 0.032 0.230 99.932
All 0.004 0.068 100.000
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Fig.3 Score plot of 14 common peaks of the 3 principal components
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Fig4 PLS-DA score plot (A), model permutation test results (B), and variable contribution plot (C) for

12 batches of Hypericum perforatum L. medicinal material samples
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Fie 2. 37T il ag MOk g THA A 22 BT
B 2 Je 4x 22 Bk F T 24 DI R 433 2 100.52%
101.26% .99.57% ,RSD 73514 1.23% 1.37% .1.69%,
FWZ TR SR AT

2.7.7 BRSNS ECIGE  HC12 SRR X B
FEMBIRZA | g AEEPOE , A 14T 3 17, 4%
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Fig.5 HPLC chromatograms of Hypericum perforatum L. medicinal material samples (A),

mixed reference substance (B), and blank solvent (C)

FIRE S 25807 PREE IR AR R AR BR SR A N [] 25
NEA L, 12 HEBT R & 228 Wit 2 M4
2R B S RE S 0.461 4% .0.276 0%
0.051 4% 455K WA 5, [a] IR 2 il o 45 R 347 5
FE S HT, N 6 s, AN i i B i i SRR
i oA AR R 3R B 22 B R U B AR A
ANRIFRRE B 22 5 RS A 12 L BT i 2441
G304 38, 7 L T 26 (ST g BRP L) F i 12
(S9 R BVh A) BHEL ) 1 4 22 1T Mibhe 38 e 4 ik R
O T2 (S1,S2 .54 .56 43 S H A
AR SBE FNECHE ORIV
(S3.S5.S8.S10.S11.,S12 435 R i m A& 4 b L 1
X AR R s o [ A28 3 4>
B A i A 2E SRR, 45085 HCA Fil PLS-
DA J3Hrés R —a,
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Table 5 Content of hyperoside, quercetin, and hypericin in 12

batches of Hypericum perforatum L. medicinal material samples

Hehdis  SLMiTI%e  WERER%  EedkFRe Bt
S1 0.668 6 0.282 7 0.071 2 1.022 5
S2 0.534 5 0.330 6 0.079 0 0.944 1
S3 0.299 6 0.250 4 0.013 7 0.563 7
S4 0.630 5 0337 5 0.054 6 1.022 6
S5 0324 7 0.189 7 0.034 7 0.549 1
S6 0.528 4 0.268 9 0.064 3 0.861 6
S7 0.639 7 0.444 5 0.109 3 1.193 5
S8 0.380 1 0.220 6 0.019 5 0.620 2
S9 0.706 5 0.542 3 0.109 5 1.358 3
S10 0.254 4 0.184 3 0.020 2 0.458 9
S11 0.247 5 0.121 2 0.017 1 0.385 8
S12 0322 2 0.138 7 0.023 3 0.484 2

FHEIE 0.461 4 0.276 0 0.051 4 0.788 7
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Fig.6 Clustered heatmap of marker component content in 12 batches of Hypericum

perforatum L. medicinal material samples

1 : Hs. & 228k H (Hyperoside) ; Qe it Z (Quercetin) ; Hr. 4 228k 2 (Hypericin) .
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