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Quality Evaluation of Dashanzha Pills Based on HPLC Fingerprint and Multi-Component Analysis Com-

bined with Chemical Pattern Recognition

LI Yun', WANG Miao®, LIU Xiaoling’, XU Xiaohui', MA Haitang®, QI Pengfei', QIU Guoyu’, CHENG Xian-
long4 * (1. Lanzhou Institute for Food and Drug Control , Lanzhou 730050, China; 2. College of Pharmacy, Gansu University of Chinese

Medicine, Lanzhou 730000, China; 3. Gansu Pharmaceutical Group Science and Technology Innovation Research Institute Co. , Lid.
Lanzhou 730000, China; 4. National Institutes for Food and Drug Control, Beijing 100050, China)

ABSTRACT: OBJECTIVE To establish the HPLC fingerprints and content determination method of five index components of Das-
hanzha pills( DSZP) , and evaluate the quality combined with chemical pattern recognition. METHODS The analysis was performed
on an Eclipse plus C;3 column (4.6 mm x250 mm, 5 um) at 30 C. Acetonitrile-0. 1% formic acid aqueous solution was used as the
mobile phase for gradient elution at flow rate of 1.0 mL -+ min~'. The detection wavelength was set at 250 nm, and the injection volume
was 10 wL. Based on 51 batches of DSZP samples, the fingerprint was established, and five index components were identified and
quantitatively determined. Cluster analysis, principal component analysis and orthogonal partial least squares discriminant analysis were
used to comprehensively analyze 51 batches of samples. RESULTS The fingerprints of DSZP were established, sixteen peaks were i-
dentified, and five chemical components were identified. They were chlorogenic acid ( peak 5), vanillic acid ( peak 6), hyperoside
(peak 7) , isochlorogenic acid B (peak 9) , and isochlorogenic acid A ( peak 10). The linear relationship of the five index components
was good (r>0.998) , and the recovery rate was 96.27% —109.35% , and the RSD was 2.83% —4.07% . The contents of chloro-
genic acid, vanillicacid, hyperoside, isochlorogenic acid B, and isochlorogenic acid A were 0. 047 2 -0.227 0, 0.009 7 -0.036 2,
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0.023 0 -0.370 2, 0.006 4 —0.063 2 and 0. 021 7 —=0.064 5 mg - g~ , respectively. Except for manufacturer Q2 , the contents of
the products from the other manufacturers samples were maintained at (100 +30) % of their respective average values, and the con-
tents of the five components of manufacturer Q2 were mostly higher than 30% of the average value of all samples, indicating that there
were great differences in product quality among different enterprises. The results of chemical pattern recognition showed that all samples
could be roughly divided into two categories, indicating that the preparation process was relatively stable within the enterprise, but there
were some differences between enterprises. The difference markers of the screened samples included the target components chlorogenic
acid, hyperoside, and isochlorogenic acid B. CONCLUSION The quantitative method is accurate, rapid and feasible. Combined
with chemical pattern recognition method, it can be used to evaluate the quality of DSZP.

KEY WORDS: Dashanzha pill; HPLC fingerprint; chemical pattern recognition; quality control; hyperoside; isochlorogenic acid B
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F1 A AL(DSIP) B 5 B
Tab.1 Sample information of DSZP

No. Enterprise Batch number number Source (in Chinese) No. Enterprise Batch number Source (in Chinese)

HI Q1 19015202 Lanzhou ( 221 ) H27 Q5 20221223 Tianjin ( Ft)

H2 22015043 Xingtai (&) H28 20230226 Changchun ( K #)

H3 22015056 Beijing (JL%0) H29 20230334 Shanghai ( _|-7)

H4 22015090 Xi’an( P44 ) H30 20230343 Shijiazhuang ( £1 % )

H5 22015091 Xingtai (J8&) H31 20230501 Jinan( %575 )

H6 21015100 Chengdu ( J{#E) H32 20230504 Yichun (‘B #)

H7 22015148 Taiyuan ( A J5) H33 20230507 Haerbin ( #3/K%)

HS 22015149 Luohe (3% F) H34 Q6 121010 Tianjin ( F3t)

H9 22015150 Zhengzhou ( 51 ) H35 122003 Shuozhou ( ¥ )
H10 22015151 Beijing(tnt) H36 123002 Taiyuan ( A J5)
Hi1l 21015187 Chongging (T JK) H37 Q7 2220305 Fuyang( E.FH)
HI2 21015395 Qingdao( %) H38 2220305 Fuyang( E.FH)
H13 Q2 131065 Jinan( F5) H39 2220902 Beijing (L50)
H14 131065 Changsha (:75) H40 Q8 20210680 Mianyang ( 45 5H)
H15 131069 Fuyang ( ELFH) H41 20210680 Zhengzhou ( £ )
H16 131069 Heze (3% ) H42 20220102 Changzhi (K:3%)
H17 131069 Yichun( F%) H43 Q9 220401 Zhengzhou (£ )
H18 131070 Dezhou ( fiiJH ) H44 230501 Zhengzhou (¥ )
H19 Q3 210401 Changchun (75) H45 230501 Kaifeng ( Jf4f)
H20 211201 Handan ( HH5) H46 Q10 WJ21056 Haerbin ( /K 5)
H21 220701 Anshan (#111) H47 WI21057 Zhengzhou (¥ )
H22 220701 Yichun (‘%) H48 WJ22115 Chengdu ( J&#R)
H23 Q4 20220572 Chaoyang ( §]FH) H49 Q11 20211217 Kunming ( W)
H24 20221221 Hengyang ( i) H50 20230638 Shaoguan (#C)
H25 20230411 Guangzhou (] ) H51 20230638 Shaoguan (#¢)
H26 20230412 Wuhan (%)
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e 230 C L, #FERE: 10 pl,
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{/ min

5 - BRIFG ;6 - T AR ;T — S22 9 - SRARJRRR B;10 - SRR A; HLALERHIA

5 — chlorogenic acid;6 — vanillic acid;7 — hyperoside ;9 — isochlorogenic acid B;10 — isochlorogenic acid A Other peaks unconfirmed.

Fig. 1 HPLC fingerprint of 51 batches of DSZP(A) and reference (B)
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A - mixed reference substances; B — Crataegi Fructus; C —roasted of Liushenqu; D - roasted of Hordei Fructus Germinatus; E —sample; 5 — Chlorogenic acid; 6 — Vanillic

acid; 7 — Hyperoside; 9 — Isochlorogenic acid B; 10 — Isochlorogenic acid A.

B2 DSZP # & HPLC 35 20 ¥ & % 1% )38 K

Fig.2 Chromatographic peak attribution of HPLC fingerprints of DSZP samples
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10 20 30 40 50 60 70
¢/ min
C
Crataegi Fructus Massa Medicata Fermentata Stir-fried Hordei Fructus Germinatus
1 3
A21A [ 12 4 5 12 5
10 20 30 40 10 20 30 40 10 20 30 40
1/ min / min 1/ min

A —RAXTIRA B — B C - BITERES 5 1 - SRR ;2 - T HR3 — 2Bk 34 - SRERJAURR B;S - 4R EHR Ao

A — Mixed control; B —Sample; C — Negative sample; 1 — Chlorogenic acid; 2 — Vanillic acid; 3 — Hyperoside ; 4 — Isochlorogenic acid B; 5 — Isochlorogenic acid A.
E3 DSZP &K
Fig.3 Chromatograms of DSZP

R2 DSZIPH &P AR &EHE EHATREMX REK

Tab.2 Linear ranges, regression equations and correlation coefficients for each component in DSZP samples

Componnet Regression equation Linearity range/p.g + mL ~! r
Chlorogenic acid Y=1.21 x 10*X -2.35 x 10* 4.10 - 65. 60 0.998 9
Vanillic acid Y=2.15x10*X -1.98 x 103 0.54 -8.60 0.998 0
Hyperoside Y =8.47 x 103X -2. 87 x 103 1. 84 -29. 40 0.999 0
Isochlorogenic acid B Y =1.43 x10*X -2.78 x 103 0.81-12.93 0.998 9
Isochlorogenic acid A Y =1.62 x10*X - 8. 87 x 103 1.36 -21. 80 0.999 1

R3 DSZPH i F & kA i ERERB AR
Tab.3 Results of spiked sample recovery test in DSZP samples

Componnet m( Original ) /g m(Sample) /g m(Added)/pg m(Measured) /pg  Recovery/% Average recovery/ % RSD/ %
Chlorogenic acid 81.8222 0.502 0 82.000 0 157.011 9 91. 69 98.09 4.07
82.474 2 0.506 0 82.000 0 162.548 3 97. 65
81.659 2 0.501 0 82.000 0 160. 455 4 96. 09
82.148 2 0.504 0 82.000 0 163.511 8 99.22
81.903 7 0.502 5 82.000 0 166. 584 9 103. 27
81.9852 0.503 0 82.000 0 164.485 6 100. 61
Vanillic acid 9. 866 9 0.502 0 9.672 3 20.334 6 108. 22 107. 15 3.69
9.9455 0.506 0 9.6723 20.4250 108. 35
- 2377 -
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4F 3R 3( continued )

Componnet m( Original ) /g m(Sample) /g m( Added)/pg m(Measured)/pg  Recovery/% Average recovery/ % RSD/ %

9.847 2 0.501 0 9.6723 20.126 3 106. 27
9.906 2 0.504 0 9.6723 20.5759 110.31
9.876 7 0.502 5 9.6723 20.524 5 110. 08
9.886 5 0.503 0 9.6723 19.524 2 99. 64

Hyperoside 58.402 9 0.502 0 57.871 8 122.516 4 110.79 109. 35 3.65
58.868 2 0.506 0 57.871 8 118.429 6 102.92
58.286 5 0.501 0 57.8718 124.197 1 113.89
58.6355 0.504 0 57.871 8 120.332 2 106. 61
58.461 0 0.502 5 57.871 8 121. 960 2 109.72
58.5192 0.503 0 57.871 8 123.426 4 112. 16

Isochlorogenic acid B 9.323 1 0.502 0 9.3825 18.202 4 94. 64 96.27 3.92
9.397 3 0.506 0 9.3825 18.978 0 102. 11
9.304 5 0.501 0 9.3825 18.338 6 96. 29
9.360 2 0.504 0 9.3825 17.867 5 90. 67
9.3323 0.502 5 9.3825 18.528 1 98. 01
9.341 6 0.503 0 9.3825 18.337 8 95. 88

Tsochlorogenic acid A 17.902 5 0.502 0 17.351 5 36.739 2 108. 56 105.27 2.83
18.045 1 0.506 0 17.351 5 35.629 9 101. 34
17. 866 8 0.501 0 17.3515 36. 405 2 106. 84
17.973 8 0.504 0 17.3515 36.718 2 108. 03
17.920 3 0.502 5 17.3515 35.7356 102. 67
17.938 2 0.503 0 17.3515 36.010 0 104. 15

F4 SIHDSZIPHEFS HE 24BN ELEE, n=3,mg g

Tab.4 Determination results of five components in 51 batches of DSZP samples. n=3,mg - g~

No. Chlorogenic Vanillic Hyperoside Isochlorogenic  Isochlorogenic No. Chlorogenic Vanillic Hyperos Isochlorogenic  Isochlorogenic
acid acid acid B acid A acid acid ide acid B acid A
H1 0.104 2 0.024 1 0.097 6 0.020 5 0.039 7 H27 0.147 1 0.019 2 0.127 3 0.0315 0.053 8
H2 0.153 4 0.021 7 0.1457 0.0350 0.047 5 H28 0.199 2 0.023 0 0.120 8 0.026 0 0.046 4
H3 0.156 0 0.023 4 0.129 5 0.026 9 0.043 1 H29 0.2059 0.028 2 0.146 8 0.039 7 0.0550
H4 0.1522 0.021 7 0.1211 0.021 5 0.0329 H30 0.193 6 0.036 2 0.162 4 0.027 1 0.045 8
H5 0.154 1 0.021 7 0.118 7 0.0257 0.044 3 H31 0.205 6 0.0319 0.174 1 0.041 4 0.058 3
Ho6 0.094 5 0.018 6 0.078 7 0.013 3 0.028 9 H32 0.178 2 0.022 1 0.132 6 0.027 3 0.042 4
H7 0.148 0 0.023 4 0.1347 0.023 9 0.038 2 H33 0.206 0 0.034 6 0.163 4 0.021 7 0.040 1
H8 0.149 1 0.022 7 0.1452 0.039 3 0.044 6 H34 0.085 8 0.016 5 0.113 4 0.021 4 0.030 1
H9 0.148 6 0.021 7 0.1339 0.036 7 0.050 6 H35 0.088 1 0.014 9 0.106 3 0.020 6 0.026 0
HI10 0.154 4 0.023 1 0.1390 0.026 4 0.038 3 H36 0.173 8 0.029 0 0.133 5 0.020 2 0.033 2
HI11 0.118 2 0.016 7 0.100 8 0.014 8 0.027 4 H37 0.129 7 0.019 6 0.078 3 0.014 6 0.047 3
HI2 0.184 1 0.023 7 0.113 6 0.025 1 0.043 0 H38 0.130 0 0.019 2 0.085 2 0.026 4 0.064 5
H13 0.227 0 0.023 2 0.226 1 0.034 3 0.0217 H39 0.053 6 0.014 5 0.098 7 0.017 6 0.046 4
H14 0.189 4 0.019 2 0.214 4 0.0329 0.022 4 H40 0.122 8 0.0117 0.060 1 0.015 6 0.034 1
H15 0.2059 0.0310 0.370 2 0.063 2 0.037 1 H41 0.118 9 0.012 2 0.056 9 0.013 3 0.027 2
H16 0.200 8 0.021 3 0.3539 0.057 0 0.029 3 H42 0.097 1 0.009 7 0.097 5 0.018 1 0.026 7
H17 0.192 6 0.021 9 0.341 4 0.057 6 0.037 9 H43 0.093 3 0.013 3 0.023 0 0. 006 6 0.041 4
H18 0.206 9 0.031 4 0.363 6 0.057 3 0.033 0 H44 0.0810 0.012 1 0.028 9 0.009 6 0.042 1
H19 0.1352 0.016 9 0.110 7 0.017 8 0.0359 H45 0.084 7 0.0155 0.032 7 0.0111 0.043 8
H20 0.121 9 0.021 0 0.109 7 0.020 7 0.037 6 H46 0.077 5 0.018 3 0.031 2 0.017 9 0.056 8
H21 0.1357 0.021 3 0.104 9 0.026 4 0.0453 H47 0.067 9 0.016 8 0.0323 0.016 6 0.047 1
H22 0.131 4 0.021 5 0.088 9 0.020 2 0.040 0 H48 0.063 5 0.019 6 0.036 7 0.014 8 0.056 4
H23 0.133 5 0.022 7 0.026 2 0.009 6 0.042 4 H49 0.053 8 0.018 0 0.036 4 0.009 1 0.043 5
H24 0.117 2 0.023 9 0.027 8 0.010 5 0.041 5 H50 0.047 2 0.016 9 0.0355 0. 006 4 0.053 8
H25 0.116 9 0.018 8 0.038 0 0.010 8 0.049 8 H51 0.056 4 0.018 4 0.034 0 0.006 5 0.053 0
H26 0.118 0 0.018 1 0.042 1 0.008 7 0.043 1
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Tab.5 Relative retention time of common peaks in 51 batches of DSZP samples. min

Batch No. tl 2 13 4 5 16 17 18 9 t10 t11 112 t13 t14 t15 116
HI1 0.394 0.472  0.647 0.715 1.000 1.101  1.846 .876  1.977 2.035 2.072 2.605 3.454 3.766 3.842 3.904
H2 0.393  0.474 0.650 0.719 1.000 1.100 1.828 L858  1.958 2.016 2.053 2.580 3.424 3.734 3.809 3.871
H3 0.394 0.473 0.649 0.714 1.000 1.100 1.838 .868  1.969  2.027 2.065 2.597 3.452 3.767 3.843 3.906
H4 0.392  0.471 0.648 0.716 1.000 1.101 1.834 .865  1.966  2.025 2.062 2.596 3.452 3.767 3.843 3.905
H5 0.391 0.472  0.648 0.716 1.000 1.100 1.832 .863  1.963  2.023 2.060 2.594 3.450 3.764 3.840 3.904
H6 0.391 0.472 0.649 0.716 1. 000 1. 100 1.832 . 864 1. 965 2.025 2.063 2.595 3.452  3.767 3.844  3.906
H7 0.391 0.471 0.648 0.716 1.000 1.100 1.831 .861  1.962  2.023  2.060 2.592 3.445 3.758 3.834 3.898
H8 0.393 0.472  0.650 0.716 1. 000 1. 100 1. 835 . 866 1.969  2.027  2.065 2.596  3.451 3.765 3.841 3.904
H9 0.394 0.473 0.650 0.719 1.000 1.101  1.831 .861  1.962  2.021  2.059 2.589 3.443 3.757 3.833 3.898
H10 0.380 0.467 0.647 0.714 1. 000 1. 101 1. 834 . 864 1.966  2.026  2.064 2.599 3.454  3.771 3.847 3.912
Hil 0.385 0.469 0.647 0.715 1.000 1.102 1.838 .869  1.973  2.032 2.070 2.610 3.467 3.784 3.861 3.925
H12 0.380 0.469 0.647 0.714 1. 000 1. 101 1. 833 . 863 1. 965 2.024  2.062 2.594  3.447 3.759  3.836 3.899
H13 0.386  0.466 0.649 0.713 1.000 1.101  1.844 .875  1.979 2.038 2.078 2.620 3.486 3.804 3.882 3.946
H14 0.386 0.469 0.648 0.711 1. 000 1. 102 1. 849 . 880 1.985 2.044  2.082 2.622  3.482 3.800 3.879 3.942
H15 0.386  0.466 0.649 0.713 1.000 1.101  1.842 .873  1.978 2.039 2.077 2.616 3.484 3.798 3.877 3.940
H16 0.389  0.463 0.647 0.714 1..000 1.101 1. 836 . 867 1.970  2.028 2. 066 2.602  3.458 3.774  3.851 3.914
H17 0.391 0.468 0.648 0.714 1.000 1.102 1.838 .870  1.974  2.035 2.071 2.611 3.474 3.789 3.868 3.931
HI18 0.398 0.473 0.662 0.732 1.000 1.121  1.863 .894  1.998 2.057 2.096 2.636 3.500 3.818 3.897 3.962
H19 0.389 0.472 0.648 0.716 1.000 1.099 1.826 .856 1.959  2.019 2.056 2.588 3.445 3.762 3.838 3.899
H20 0.393  0.475 0.654 0.720 1.000 1.104 1.839 .870  1.972  2.032  2.070 2.600 3.458 3.775 3.852 3.914
H21 0.395 0.476 0.653 0.719 1.000 1.103 1.841 .872 1.975 2.034 2.071 2.608 3.468 3.787 3.864 3.926
H22 0.388 0.473 0.651 0.717 1.000 1.103  1.834 .864  1.968  2.027 2.064 2.597 3.456 3.775 3.851 3.914
H23 0.390 0.474 0.653 0.719 1.000 1.102 1.834 .865  1.964 2.025 2.064 2.598 3.453 3.772 3.849 3.912
H24 0.391 0.474 0.652 0.718 1.000 1.103  1.832 .864  1.967 2.025 2.062 2.596 3.452 3.770 3.846 3.909
H25 0.390 0.474 0.654 0.720 1.000 1.102  1.827 .857  1.961 2.019 2.058 2.588 3.441 3.757 3.834 3.898
H26 0.390 0.474 0.654 0.721 1.000 1.103  1.832 .863  1.962  2.023  2.060 2.594 3.452  3.769 3.846 3.908
H27 0.391 0.475 0.653 0.717 1.000 1.103  1.830 .861  1.964 2.025 2.063 2.600 3.463 3.791 3.867 3.927
H28 0.390 0.475 0.653 0.716 1.000 1.103 1.833 .864  1.968  2.029 2.067 2.604 3.469 3.798 3.874 3.936
H29 0.389 0.474 0.654 0.718 1.000 1.101  1.832 .863  1.969  2.029 2.067 2.607 3.471 3.802 3.879 3.942
H30 0.390 0.474 0.654 0.718 1.000 1.101  1.834 .865  1.970  2.031 2.069 2.607 3.472 3.803 3.880 3.943
H31 0.389 0.474 0.652 0.717 1.000 1.101  1.831 .862  1.965  2.026 2.064 2.599 3.459 3.788  3.863 3.923
H32 0.389 0.473 0.650 0.716 1.000 1.101  1.831 .862 1.965 2.026 2.064 2.599 3.461 3.790 3.867 3.930
H33 0.389 0.474 0.653 0.719 1.000 1.101  1.829 .860  1.962  2.023 2.061 2.593 3.451 3.778 3.853 3.915
H34 0.389 0.474 0.652 0.713 1.000 1.103 1.835 .866 1.969 2.031 2.068 2.603 3.464 3.794 3.870 3.932
H35 0. 385 0.470 0.648 0.712 1. 000 1. 097 1. 826 . 859 1.966  2.025 2.063 2.603 3.471 3.802  3.877 3.937
H36 0.388 0.471 0.652 0.716 1.000 1.103  1.830 .862  1.966 2.027 2.065 2.604 3.470 3.801 3.876 3.938
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4F 3R 5( continued )

Batch No. tl 2 3 4 5 16 17 18 9 t10 281 112 113 t14 t15 t16
H37 0.384 0.469 0.651 0.714 1. 000 1. 103 1. 834 1. 866 1.971 2.032  2.070 2.607 3.474  3.804 3.879 3.942
H38 0.392  0.475 0.655 0.718 1.000 1.104 1.830 1.861 1.964 2.025 2.063 2.597 3.456 3.785 3.860 3.921
H39 0.389  0.475 0. 655 0.720 1. 000 1.104 1. 830 1. 861 1.966  2.025 2.063 2.596 3.456  3.784  3.858 3.919
H40 0.391 0.475 0.656 0.719 1.000 1.103 1.828 1.859 1.962 2.023 2.060 2.593 3.451 3.776 3.852 3.914
H41 0.380  0.474  0.655 0.718 1. 000 1. 105 1. 831 1. 863 1.947 2.028 2.066 2.601 3.460  3.788 3.862 3.925
H42 0.390 0.474 0.654 0.719 1.000 1.103 1.828 1.860 1.963 2.023 2.060 2.593 3.449 3.776 3.852 3.911
H43 0. 385 0.473 0. 661 0.717 1. 000 1. 104 1. 834 1. 866 1.972  2.029 2.069  2.605 3.469 3.799 3.875 3.936
H44 0.388 0.474 0.661 0.718 1.000 1.104 1.831 1.862 1.973 2.028 2.066 2.602 3.464 3.792 3.870 3.930
H45 0.386  0.473 0.653 0.718 1.000 1.102 1.831 1.863 1.971 2.027 2.066 2.605 3.467 3.798 3.873 3.938
H46 0.385 0.472  0.652 0.715 1.000 1.102 1.835 1.867 1.971 2.030 2.069 2.604 3.463 3.795 3.870 3.934
H47 0.386  0.472  0.652 0.714 1.000 1.102 1.833 1.864 1.970 2.027 2.066 2.599 3.462 3.791 3.866 3.931
H48 0.385 0.472  0.652 0.717 1.000 1.102 1.835 1.866 1.973 2.028 2.068 2.603 3.464 3.792 3.867 3.933
H49 0.383 0.472  0.652 0.716 1.000 1.103 1.830 1.863 1.970 2.026 2.066 2.602 3.463 3.793 3.867 3.933
H50 0.385 0.472  0.651 0.716 1.000 1.101 1.831 1.863 1.966 2.024 2.064 2.599 3.461 3.790 3.865 3.930
H51 0.383  0.471 0.651 0.717 1.000 1.102 1.826 1.858 1.961 2.020 2.061 2.596 3.455 3.784 3.859 3.923

RSD/% 0.831 0.581 0.548 0.436 0.000 0.284 0.342 0.336 0.375 0.328 0.331 0.354 0.370 0.438 0.434 0.430
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Fig. 5 Cluster analysis diagram of 51 batches of DSZP samples
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Tab.6 Eigenvalue and variance contribution rate of principal component of DSZP samples

Initial eigenvalue

Extract the sum of squares of the load

Component
Total Variance percentage

Cumulative variance contribution rate% Total

Variance percentage ~ Cumulative variance contribution rate%

1 5.716 35.725
2 3.417 21.353
3 1.519 9.493
4

1.462 9.137

35.725
57.078
66.572
75.709

5.716 35.725
3.417 21. 353
1.519 9.493
1. 462 9.137

35.725
57.078
66. 572
75.709
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Fig. 6 Plot of principal component scores of 51 batches of DSZP samples
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Fig.7 OPLS-DA Score Chart of 51 batches of DSZP samples
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