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Quality evaluation of zhibitai capsules based on high performance
liquid chromatography QAMS combined with chemometrics
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Abstract Objective: To establish a method for the quality evaluation of zhibitai capsules by high performance
liquid chromatography-quantitative analysis of multi-components by single marker ( HPLC-QAMS) combined with
chemometrics. Methods: HPLC method was used to establish the relative correction factors (f) of alisol A with
vitexin-4"-0-glucoside,, rhamnosylvitexin, oleanolic acid, ursolic acid, atractylenolide Il , atracylenolide [ , alisol
A 24-acetate and 23-acetate alisol B by external standard method with alisol A as the internal reference. The estab-
lished f was used to calculate the contents of the corresponding eight components, and the differences between the
measured values and the calculated values were compared. The content data were analyzed by chemometrics to
evaluate its quality. Results: The f values of alisol A with vitexin4"-O-glucoside, rhamnosylvitexin, oleanolic
acid, ursolic acid, atractylenolide Il , atracylenolide | , alisol A 24-acetate and 23-acetate alisol B were 1. 044 0,

0.6331, 0.861 0, 0.691 7, 1.224 8, 1.372 7, 1.516 1 and 0. 768 2, respectively, and the repeatability was
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good. Nine components in 13 batches of zhibitai capsules were determined by QAMS method and external standard

method, and the results were not significantly different. The results of principal component analysis showed that 13

batches of samples were clustered into 3 categories. The main quality difference factors of zhibitai capsule were

rhamnosylvitexin, ursolic acid, atractylenolide III, atracylenolide I and 23-acetyl alisol B. Conclusion; The estab-

lished method can be used for the comprehensive evaluation of the quality of zhibitai capsules.

Key words: zhibitai capsules; HPLC-QAMS; chemometrics; statistics software; principal component analysis;

partial least squares discrimination analysis
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Fig.1 HPLC chromatogram

Note:1 — vitexin4"-0O-glucoside ; 2 — rhamnosylvitexin; 3 — oleanolic acid; 4 — ursolic acid; 5 — atractylenolide Il ; 6 — atracylenolidel; 7 — alisol A;

8 — alisol A 24-acetate; 9 —23-acetate alisol B. A — mixed reference; B — Zhibitai Capsules; C — Crataegi Fructus negative samples; D — Atractylodis

Macrocephalae Rhizoma negative samples; E — Alismatis Rhizoma negative samples; F — Monascus Rice negative samples.
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Tab.1 Linear relation of each constituents in zhibitai capsules

Component Regression equation Range of linearity/ (pg - mL™") r
Vitexin-4"-0-glucoside Y=5.8753x10°X -717. 1 1.63 ~40.75 0.999 6
Rhamnosylvitexin Y=9.6942x10°X +1213.8 11.59 ~289.75 0.999 2
Oleanolic acid Y=7.1055x10°X -2 089. 5 4.71 ~117.75 0.999 1
Ursolic acid Y =8.859 9 x10°X +315.4 9.55 ~238.75 0.999 5
Atractylenolide III Y=5.0173x10°X -1 926.5 1. 14 ~28.50 0.999 8
Atracylenolide [ Y=4.4522 x10°X +869. 8 0.85~21.25 0.999 2
Alisol A Y=6.1458 x10°X — 1 655. 4 2.16 ~54.00 0.999 5
Alisol A 24-acetate Y=4.050 3 x10°X +337.9 0.73 ~18.25 0.999 3
23-Acetate alisol B Y=7.978 1 x10°X -1 270. 1 5.35~133.75 0.999 6
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Tab.2 Test results of sample recovery rate

¥1<2.0% (n=6),
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Component Amount/g  Original/mg  Added/mg Tested/mg Recovery/% Average recovery/ % RSD/%
Vitexin4"-0-glucoside 0.100 3 0.180 7 0.144 8 0.3239 98.90 98.22 1.79
0.105 9 0.190 8 0.144 8 0.330 3 96.34
0.099 7 0.179 7 0.144 8 0.3251 100. 41
0.098 2 0.1770 0.1810 0.351 3 96. 30
0.102 6 0.184 9 0.181 0 0.360 7 97.13
0.104 3 0.1879 0.1810 0.367 5 99.23
0. 096 0 0.173 0 0.2172 0.3816 96. 04
0.098 9 0.178 2 0.2172 0.3956 100. 09
0.101'5 0.1829 0.2172 0.399 1 99.54
Rhamnosylvitexin 0.100 3 1.690 3 1.345 6 3.034 6 99.90 100. 03 0. 69
0.105 9 1.784 6 1.345 6 3.1389 100. 65
0.099 7 1.680 1 1.345 6 3.027 1 100. 10
0.098 2 1.6549 1.6820 3.3418 100. 29
0.102 6 1.729 0 1.682 0 3.420 7 100. 58
0.104 3 1.757 7 1.6820 3.428 5 99.33
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Component Amount/g  Original/mg  Added/mg Tested/mg  Recovery/%  Average recovery/% RSD/%
0. 096 0 1.617 8 2.018 4 3.639 0 100. 14
0.098 9 1.666 7 2.018 4 3.698 9 100. 68
0.101 5 1.710 5 2.018 4 3.700 1 98.57
Oleanolic acid 0.100 3 0.697 2 0.555 2 1.254 1 100. 31 99.34 0.72
0.1059 0.736 1 0.555 2 1.279 8 97.93
0.099 7 0.693 0 0.555 2 1.247 3 99. 84
0. 098 2 0.682 6 0.694 0 1.372'5 99. 41
0.102 6 0.713 2 0.694 0 1. 400 2 98.99
0.104 3 0.7250 0.694 0 1.410 7 98. 80
0. 096 0 0.667 3 0.832 8 1.500 2 100. 01
0.098 9 0.687 5 0.832 8 1.513 4 99. 17
0.1015 0.705 5 0.832 8 1.534 7 99. 57
Usolic acid 0.100 3 1.316 6 1.052 0 2.368 7 100. 01 99. 18 0.96
0.1059 1.390 1 1.052 0 2.440'5 99. 85
0.099 7 1.308 8 1.052 0 2.3513 99. 10
0. 098 2 1.289 1 1.3150 2.603 2 99.93
0.102 6 1.346 8 1.3150 2.630 9 97.65
0.104 3 1.369 1 1.3150 2.6517 97. 54
0. 096 0 1.260 2 1.578 0 2.8316 99. 58
0.098 9 1.298 3 1.578 0 2.863 4 99. 18
0.1015 1.3324 1.578 0 2.907 5 99.82
Atractylenolide I 0.100 3 0.1330 0.107 2 0.238 5 98. 41 97.96 0.82
0.1059 0. 140 4 0.107 2 0.245 1 97.67
0.099 7 0.1322 0.107 2 0.236 6 97.39
0.098 2 0.130 2 0.134 0 0.259 3 96. 34
0.102 6 0.136 0 0.1340 0.268 2 98. 66
0.104 3 0.138 3 0.1340 0.2710 99.03
0. 096 0 0.127 3 0.160 8 0.285 0 98.07
0.098 9 0.131 1 0.160 8 0.289 3 98.38
0.1015 0.134 6 0. 160 8 0.291 7 97.70
Atracylenolide | 0.100 3 0.091 7 0.073 6 0.162 4 96. 06 97.73 1.33
0.1059 0. 096 8 0.073 6 0.168 2 97.01
0.099 7 0.091 1 0.073 6 0.1619 96.20
0.098 2 0.089 8 0.092 0 0.180 6 98.70
0.102 6 0.093 8 0.092 0 0.184 1 98.15
0.104 3 0.095 3 0.092 0 0.1855 98. 04
0. 096 0 0.087 7 0.110 4 0.194 7 96.92
0.098 9 0. 090 4 0.110 4 0.200 9 100. 09
0.101'5 0.092 8 0.110 4 0.201 4 98.37
Alisol A 0.100 3 0.235 6 0.189 6 0.423 8 99.26 99.58 0.63
0.1059 0.248 8 0.189 6 0.439 5 100. 58
0.099 7 0.2342 0.189 6 0.4212 98.63
0. 098 2 0.230 7 0.2370 0.467 9 100. 08
0.102 6 0.241 0 0.2370 0.476 0 99. 16
0.104 3 0.245 0 0.2370 0.481 7 99. 87
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Component Amount/g  Original/mg  Added/mg Tested/mg Recovery/% Average recovery/% RSD/%

0.096 0 0.2255 0.284 4 0.509 3 99.79
0.098 9 0.2323 0.284 4 0.513 6 98.91
0.101 5 0.238 4 0.284 4 0.5225 99. 89

Alisol A 24-acetate 0.100 3 0.078 7 0. 063 2 0.1395 96. 20 96. 92 1.53
0.1059 0.083 1 0. 063 2 0.143 8 96. 04
0.099 7 0.078 3 0.063 2 0.139 7 97. 15
0.098 2 0.077 1 0.079 0 0.153 5 96.71
0.102 6 0.080 5 0.079 0 0. 156 4 96. 08
0.104 3 0.081 9 0.079 0 0.158 0 96. 33
0.096 0 0.075 4 0.094 8 0.170 9 100. 74
0.098 9 0.077 6 0.094 8 0.169 5 96. 94
0.101 5 0.079 7 0.094 8 0.170 8 96. 10

23-Acetate alisol B 0.100 3 0.736 8 0.590 4 1.321 2 98. 98 100. 12 0.69
0.1059 0.777 9 0.590 4 1.370 9 100. 44
0.099 7 0.732 4 0.590 4 1.327 1 100. 73
0.098 2 0.721 4 0.738 0 1. 466 5 100. 96
0.102 6 0.753 7 0.738 0 1.489 8 99. 74
0.104 3 0.766 2 0.738 0 1.506 2 100. 27
0.096 0 0.705 2 0.885 6 1.597 9 100. 80
0.098 9 0.726 5 0.885 6 1. 606 7 99. 39
0.101 5 0.745 6 0.885 6 1.628 8 99.73
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Tab.3 Calculation results for f values

FECRER AR B ARNERIL AR AR T 24~
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Mixed reference Vitexin4"-0- Oleanolic  Ussolic  Atractylenolide  Atracylenolide  Alisol A 23-acetate
solution ducoside namnosybitexin acid m I d-acetate  alisol B
1 1,043 7 0.634 2 0.8450  0.6873  1.2146 1.365 4 1.540 3 0.762 1
2 1.034 6 0.629'5 0.8482  0.6910  1.2236 1.360 8 1.489 3 0.768 0
3 10427 0.633 1 0.8877 0.6922  1.2211 1.378 9 1.5290 0.767 0
4 1,042 2 0.639 7 0.8571 0.6882  1.2306 13521 1.497 8 0.769 7
5 1,065 1 0.624 8 0.8618 0.7018  1.2448 1.414 3 1.527 4 0.7749
6 1,035 6 0.637 2 0.8665 0.6897  1.2140 1.364 7 15131 0.767 4
Average recovery 1044 0 0.633 1 0.8610 0.6917  1.2248 1.3727 1.516 1 0.768 2
RSD/% .05 0.85 1.79 0.75 0.95 1.61 1.30 0.53

2.7 QAMS iEp f i TR 5E
SR HPLC Y (LC-10AT FYF Waters Arc %)
Ao 1%+ (Cosmosil Cg 41, Alltima Cjg #1: A1 Waters

Xbridge C ) , BEALES R ATEREXT £ A2, B 2.2
TR A XS R 10 L, HERE , 25 SR AR E A
T RSD {1 <2.0% 3R~ i) f i R (£ 4) .
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Tab.4 Results of relative correction factor durability test

Instruments Chromatographic Vitexin4"-0-  Rhamnosyl-  Oleanolic Ursolic  Atractylenolide  Atracylenolide Alisol A 23-acetate

column glucoside vitexin acid acid I I 24-acetate  alisol B

LC-10AT Cosmosil Cg 1.0423 0.6327 0.860 2 0.690 5 1.2219 1.371 6 1.5147 0.767 4
Alltima Cyg 1.047 6 0.6339 0.869 4 0.692 7 1.2352 1.380 7 1.5262 0.769 7
Waters Xbridge C g 1.062 8 0.637 4 0.882 3 0.710 1 1.2413 1.4109 1.543 6 0.775 2

Waters Arc Cosmosil Cg 1.0357 0.620 3 0.8475 0.688 6 1.2159 1.3411 1.486 9 0.761 8
Alltima Cyg 1.046 2 0.627 1 0.856 4 0.689 2 1.223 6 1.369 5 1.493 5 0.764 9
Waters Xbridge C g 1.058 1 0.638 5 0.873 9 0.701 9 1.240 3 1.3928 1.5397 0.776 2

Average recovery 1.048 8 0.6317 0.865 0 0.695 5 1.2297 1.377 8 1.517 4 0.769 2

RSD/ % 0.96 1.09 1.46 1.24 0. 86 .71 1.55 0.74
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Tab.5 Calculation results for relative retention time values

10 pL, BEAE 1 S M MR AT SR AR SR A AT |
ORI ER B SPICRIR REARIR R NER I 5
ARNEE 1 TGRS A 24- SRS A F123-Z
THRE B (&, fEUFTSEE A VNS, s s
(5 13 1Y) f B ST B AR 3 e W R R
R PECRIR VRERIR R IR IT L AR Y IR
[ 24-ZFEFEISHE A FI 23-C TS /E B 1Y & 4
R AGEHERAE RS B B3 1 PR T3 2 A A 2 A
T G5, 45 R R SPRIE L QAMS 3k &5 1 Y TR 45
RARF I, 257 A W35 (P >0.05) (HA5 )80 & i
ZRER(IFES6) .

Instrumens Chromatographic Vitexin4"-0-  Rhamnosyl-  Oleanolic Ursolic  Atractylenolide ~ Atracylenolide Alisol A 23-acetate
column glucoside vitexin acid acid I I 24-acetate  alisol B

LC-10AT Cosmosil Cg 0.362 3 0.4455 0.578 9 0.6193 0.762 5 0.8397 1.058 8 1.133 4
Alltima Cyg 0.367 6 0.449 3 0.582 4 0.627 4 0.770 9 0.848 5 1.063 2 1.146 5
Waters Xbridge C g 0.371 1 0.456 8 0.591 6 0.6329 0.783 6 0.859 1 1.0759 1.154 7

Waters Arc Cosmosil Cyg 0.3527 0.440 3 0.569 2 0.613 7 0.756 4 0.829 6 1.048 6 1.1239
Alltima Cyg 0.360 8 0.4429 0.5717 0.620 3 0.759 9 0.836 2 1.057 3 1.127 6
Waters Xbridge Cyg 0.366 4 0.452 4 0.574 3 0.627 1 0.776 2 0.849 5 1.072 1 1.148 1

Average recovery 0.363 5 0.447 9 0.578 0 0.623 5 0.768 3 0.843 8 1.062 7 1.1390

RSD/ % 1.78 1.38 1.42 1. 11 1.36 1.26 0.95 1.09
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Tab. 6 Determination results of 9 components in zhibitai capsules

Content/ (mg - g™')
Component Method P
S1 2 S3 4 S5 S6 S7 S8 S9 S10 S11 S12 S13
Alisol A ESM 2,349 2519 2668 2.747 2.519 2.881 3.246 3.517 3.413 1.941 1814 2212 2.285 -
Vitexin4"- ESM 1.802 1.915 2379 2131 2.439 1.446 1.438 1.147 1.264 2986 3.201 2.849 2571 0.901
0-glucoside QAMS  1.752 1.862 2321 2.080 2.387 1.488 1.410 1115 1.231 20915 3.263 2802 2504
Rhamnosylvitexin ESM  16.852 15.435 16.817 16.623 16.946 14.531 14.459 12.696 12.513 21.592 21.862 20.701 17.564 0.841
QAMS 16.381 15.079 16.735 16.164 16.651 14.137 14.082 13.041 12.771 20.999 21.412 20.155 17.915
Oleanolic acid ESM 6.951 7.615 6.729 6.975 6.038 6.701 6.059 5501 5418 8137 9.162 8937 865 0.83%5
QAMS  6.759 7.481 6542 6912 5901 6.534 5900 5367 5574 8281 9.003 8.806 8.463
Ursolic acid ESM  13.127 12.061 13.374 12.248 13.345 11.332 11.264 10.397 9.762 16.582 16.948 15.934 14.342 0.811
QAMS 12.763 11.749 13.039 12.594 12.974 11.015 10.972 10.161 9.950 16.361 16.683 15.703 13.958
Atractylenolide [ ESM 1.326 1.78 L.611 1.729 1.457 1.273 1.234 0.874 0.804 1.092 1.329 1.007 1.182 0.893
QAMS  1.364 1748 1.572 1.683 1.421 1.310 1.203 0.83 0.782 1.063 1.314 1.025 1.157
Atracylenolide | ESM 0.914 L1159 1057 1.098 0.923 0.761 0.89 0.843 0.774 0.682 0.630 0.597 0.563 0.860
QAMS  0.902 1.136 1.030 1.073 0.905 0.783 0.875 0.824 0.791 0.665 0.614 0.581 0.548
Alisol A 24-acetate  ESM 0.78 0.924 0.754 0.86 0.648 0.735 0.459 0.413 0.352 1.134 1.284 1.263 1.087 0.943
QAMS  0.779 0.906 0.738 0.863 0.630 0.756 0.450 0.405 0.361 1.108 1.256 1.298 1.061
23-Acetate alisol B ESM 7.346  6.674 6.985 6.792 6.613 5946 6.381 5705 578 8971 9.873 9.478 8.426 0.861
QAMS  7.142 6.494 6.822 6984 6.445 5801 6.203 5857 5629 885 9.665 9.224 8.600
A i o1
el
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Fig.2  PCA score chart Fig.3  Score chart of PLS-DA model for 13 batches of zhibitai
capsules
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Fig. 4

VIP images of 13 batches of zhibitai capsules
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