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Quality evaluation of Huayu Zhitong Plaster based on HPLC
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(Abstract] Objective To establish the HPLC fingerprint of Huayu Zhitong Plaster and to determine the content of its ten
components using the quantitative analysis of multi—components by single—-marker (QAMS) method, so as to provide a reference for
quality assessment. Methods The HPLC fingerprint was developed using an Agilent HC-C;3 column with a mobile phase of
acetonitrile—1% formic acid 0.1% triethylamine under gradient elution conditions. The column temperature was maintained at 30 °C
and the flow rate was set at 1 mL-min™. Similarity evaluation was performed on the fingerprint, and chemometric methods were
applied for chemical pattern recognition. The content of the components were calculated using relative correction factors (RCFs).
The results obtained by the QAMS method were compared with those determined by the external standard method, and additional
RCFs were calculated accordingly for content determination. Results A total of ten common peaks were identified in the fingerprints

of the 14 batches, with similarity evaluations exceeding 09. Using baicalin as the internal reference substance, the correction
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factors for catechin, hydroxysafflor yellow A, phellodendrine, gentiopicroside, magnoflorine, jateorrhizine, berberine, paeonol, and

physcion were determined as 0922 9, 1.148 7, 1.171 6, 1.532 7, 1.113 5, 0.316 8, 0200 6, 0.389 4, and 0.594 4, respectively. There

was no significant difference between the results calculated by the QAMS method and those calculated by the external standard

method. Conclusion The established HPLC fingerprint combined with the QAMS method demonstrates accuracy and reliability,

thereby providing a scientific foundation for the quality control and comprehensive evaluation of Huayu Zhitong Plaster.

(Keywords) Huayu Zhitong Plaster; quality evaluation; HPLC fingerprint; quantitative analysis of multi—components by

single—marker; similarity evaluation
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Fig.1 HPLC fingerprints of ten batches of Huayu Zhitong Plaster powder
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Fig.2 Chromatograms of mixed reference standards (A) and the test sample (B)

S5 5

S8

sa 4

st 7 -

39 9

s13 13—

s1g 10— —
s3

S6 GJ
si1 1

s1 1_]
s2 2|

B3 14 HARIERIEE MR BERHRE
Fig.3 Cluster analysis dendrogram of 14 batches of
Huayu Zhitong Plaster powder

A | 2
] s
40-_ . C
20
N
-207] st4
-40—_
60T T T T T T T T T T L S B B AL
-80 -60 -40 20 0 20 40 60

t1
B4 PCABRSE
Fig4 PCA score plot

DA) KH SIMCA 14.1 5%t 14 AR R Qi
Hh 10 A W R AR IS T OPLS-DA 43#7 . Frfs

R S804 9 R2X=0.703,R*Y =0.939, (0°=0.899,
PIRT 0.5, FRIIBRIFG FA AT BT M gt , g
| A M B AHMFEA S FEWTE v FlEup s
A3, HPRAL 53 BSOS S 3 4 22 [R] R
BAEEE S [T, IRl —ZH N AREAR JSU7E 1 eSS
B oy A AR ERH AL N AR SN, LIRS

A [ I
s1 M
404 ‘52 .C
20
o
by 57 38s5
© 0 < 139
b=y 1
S S10)
=20 36..335
40 S’
60 . T . T r T P
80 60 40 -20 0 20 40 60
101339 %t 1

Bl5 OPLS-DA 545 &
Fig.5 OPLS-DA score plot

26 SEMNEFREFEE

26,1 LMEXRRFELH  RHWIBC237 T RG
MR 2.4.8.12.16.20 pL, 7351 70% P B
ZE 1 mL AR H8 88— RPN R BT BE 1Y
VR, DAL SE AR A HPLC A 5 AT v J35 s Al
i (x)  BEEBUN AR (y) LRI, SR DL
1,2 10 M TERUE BRI N LM R BT,
2.6.2 AEEESE  HBUEHEEE S (S1) BT,
F2.1 IR A S E SRR 6 I AR ILAE
BRELIAEE AR A AR R R 2B 24



2025 455 45 % IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 2311
F1 ERSEKEXR
Table 1 Linear relationships of each component

D% EIEpEE r A [l g
JLZE#E y=76.000x-9.858 0.999 9 2.72~227.10
RIELTHETEEEK A y=52.559x-31.314 0.999 0 2.50~265.60
B8 y=55.640x+17.876 0.999 3 3.84~321.40

Je AT y=171.920x-3.037 0.999 9 2.02~168.40
NV y=69.340x+15.127 0.999 3 2.50~208.50
2R, y=216.100x-0.577 0.999 9 0.41~33.83
PRt y=66.555x—11.005 0.999 9 4.16~347.30
7INBETR, ¥=323.320x+11.806 0.999 9 4.32~361.30
yRyraLs y=171.580x+1.635 0.999 9 0.68~58.80

TR F ik ¥=98.615x+119.430 0.999 2 1.92~80.50

FROE B A/ INEERRL | Rz B 0K 8 3R P k74 0 T
FLRSD 43511 2.92% 3.40% 4.15% .3.10% 3.39%
2.96% 2.10% .2.23% 3.49% 3.98%,

263 FRUETEIER  HRRlHEAL R (ST B,
F2.27 T R %4, F 0.2.4.8.16,24 36 48 h
AMEERE 1R, E5 5 10 Ao i T AR RSD 433l
H191% 1.40% 1.15% 2.10% 2.31% 1.96% .1.89% .
2.23% 2.49% 1.98%,

2,64 EEMESE HUE - (S1) 4% 42.27 1
NHETFATHIE 6 A0 sl i i, 42 2. 17 T T (3%
A ESEIERE 6 UK, 455 10 A4 g TE AL RSD

I3 H 0.92% 1.11% .0.95% . 1.13% .1.49% .0.96% .
1.29% ,1.23%,1.49% .1.08%.,

2.6.5 JFERENGRLS  HUE FHAMREE (ESM)MA S
Y ST SRES R 0.5 g AEHRIFRE 6 ), 1R 1:
1 FE B RS RF B 5 #22.27 350 5 s il 5 ik
RO IR B R R, LA IR
N 1) A AR S R N Y RT3 I R S
JINBERE, P FE I RN 2R ik 14 - SR [ 32 -3l
M 10092% 100.62% 99.45% 98.26% .99.89% 99.48% .
100.18% .100.97% .99.35% . 101.88% , £ W35 2.,
2.6.6 MXAGIERTF 2.3 FIRA X BT

R2 10 MESRIINEE R LR
Table 2 Recovery results of the ten components from spiked samples
A 75 R /g JA H/mg JIAfE/mg A /mg B % RSD/% SRR %
ILRE 1 0.490 8 0.591 0.550 1.138 99.41 2.87 100.92
2 0.502 1 0.581 0.575 1.153 99.41
3 0.499 8 0.544 0.559 1.141 106.78
4 0.500 7 0.589 0.550 1.136 99.44
5 0.510 2 0.543 0.577 1.121 100.07
6 0.501 1 0.544 0.571 1.118 100.41
¥RILLT (D 1 0.489 8 1.295 1.380 2.664 99.20 2.51 100.62
ZA 2 0.500 9 1.366 1.354 2.761 103.06
3 0.501 0 1.357 1.341 2.708 100.73
4 0.511 2 1.310 1.344 2.697 103.19
5 0.499 9 1.310 1.338 2.601 96.47
6 0.498 8 1.357 1.324 2.695 101.09
Sevisl 1 0.501 5 0.899 0.875 1.752 97.50 234 99.45
2 0.500 2 0.900 0.927 1.858 103.28
3 0.501 3 0.989 0.917 1.878 96.95
4 0.511 4 0.943 0.925 1.865 99.67
5 0.499 7 0.852 0.894 1.752 100.69
6 0.497 8 0.859 0.846 1.693 98.61
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®2(%)
L% 5 kg JFA /mg JInA £ /mg 455t /mg 1% RSD/% X IR %
TR 1 0.500 4 0.168 0.157 0.323 98.88 1.25 98.26
2 0.501 4 0.171 0.160 0.332 100.42
3 0.500 9 0.164 0.164 0.325 97.94
4 0.501 0 0.168 0.155 0.319 97.41
5 0.498 9 0.171 0.160 0.328 97.86
6 0.501 3 0.172 0.165 0.332 97.03
NSV 1 0.500 1 0.395 0.402 0.791 98.43 1.92 99.89
2 0.498 8 0.440 0.406 0.835 97.38
3 0.500 4 0.427 0.432 0.869 10251
4 0.501 2 0.435 0.410 0.845 100.01
5 0.499 0 0.440 0.410 0.847 99.41
6 0.501 0 0.411 0.408 0.826 101.61
2R 1 0.500 8 0.124 0.120 0.246 101.19 1.57 99.48
2 0.501 1 0.131 0.123 0.256 101.35
3 0.500 5 0.129 0.123 0.249 97.64
4 0.499 9 0.129 0.118 0.245 98.49
5 0.500 5 0.129 0.122 0.249 98.37
6 0.501 7 0.132 0.120 0.252 99.84
Cigosts 1 0.501 1 1.728 1.785 3.511 99.91 1.92 100.18
2 0.499 7 1.732 1.785 3.521 100.21
3 0.498 5 1611 1.660 3318 102.81
4 0.500 0 1.667 1.710 3.327 97.07
5 0.500 9 1.653 1.572 3.219 99.65
6 0.501 3 1.611 1.678 3.312 101.41
JINBER 1 0.500 6 1.720 1.733 3.468 100.85 1.52 100.97
2 0.499 1 1.655 1.629 3.328 102.71
3 0.498 9 1.694 1.708 3.375 98.42
4 0.501 1 1.695 1.695 3.409 101.12
5 0.500 1 1.703 1.682 3.392 100.41
6 0.500 7 1.694 1.617 3.348 102.34
P Kz 1 0.501 0 0.263 0.262 0.522 98.92 1.27 99.35
2 0.499 5 0.275 0.257 0.529 98.56
3 0.499 9 0.255 0.261 0.510 97.69
4 0.498 7 0.267 0.258 0.525 100.23
5 0.501 0 0.255 0.260 0.513 99.44
6 0.500 6 0.261 0.255 0.519 101.25
R Wk 1 0.500 4 0.751 0.735 1512 103.42 2.13 101.88
2 0.500 3 0.767 0.806 1.561 98.63
3 0.499 7 0.743 0.727 1.469 99.83
4 0.498 9 0.733 0.732 1.496 104.17
5 0.499 6 0.745 0.737 1.502 102.84
6 0.500 4 0.753 0.728 1.499 102.39

W FE 2.1 WA TESRMFE SRR 6 W, BK 10 wl,  ZIEE @R A HHE eI R 28 25 R
PLEEE A NS MR A 3 k/s=tk/fs=(CkxAs)/ Bl /INBERR P}z B 1K 38 25 W ik %) SF- 44 RCF 43
(CsxAk) (Hirp Ck MR AL &5, Ak I RRM A2y 52 0.922 9.1.148 7.1.171 6,1.532 7.1.113 5,
WETAR, Cs ANARE i, As HNARIETEAD IR A 0316 8,0.200 6.0.389 4.0.594 4, UL5& 3, RSD% ¥
9 PR AL IE B F-(RCF) . Z55ILASE 3 /P T30%,
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®3 EASHEWERSHEXEF (1=3)
Table 3 The relative factors of baicalin to each component (n=3)
R LR ROMIERGEA R RIS AR ZRBK MR SLEm KRR
1 0.922 7 1.181 7 1.158 6 1.532 6 1.111 7 0.316 9 0.200 3 0.386 8 0.580 2
2 0.929 0 1.159 9 1.189 9 1.556 8 1.125 6 0.319 7 0.202 5 0.392 8 0.574 7
3 0921 1 1.147 7 1.164 6 1.520 9 1.115 2 0.316 9 0.200 6 0.390 3 0.582 1
4 0.920 9 1.135 0 1.172 2 1.530 9 1.113 4 0.316 1 0.200 2 0.389 3 0.604 8
5 0.922 3 1.134 8 1.172 9 1.528 2 1.107 6 0.315 9 0.200 0 0.388 9 0.612 8
6 0.921 7 1.132 7 1.171 3 1.526 7 1.107 3 0315 5 0.199 8 0.388 3 0.611 9
FEME 0922 9 1.148 7 1.171 6 1.532 7 1.113 5 0.316 8 0.200 6 0.389 4 0.594 4
RSD% 0.33% 1.67% 0.90% 0.81% 0.60% 0.48% 0.48% 0.52% 2.91%
x4 ARRE R, BEERMEEHZIE
Table 4 Effects of varying flow rates, column temperatures, chromatographic columns, and instruments
FALTISES JUERR RIEEROER A W T RS UG NBER FREE KRR EE
ENGELS AR o) 0.8 0981 4 1126 0 1160 2 1490 1 1.1258 0291 0 0200 1 03510 0511 6
(mL/min) 1.0 0.996 6 1.154 4 1.1557 15353 1.160 5 0.298 4 0.202 9 0.358 7 0.500 5
1.2 0.965 3 1.127 3 1.127 6 1549 7 1.118 2 0.286 0 0.199 3 0.349 1 0.513 8
S 0.981 1 1.135 9 1.147 8 1525 0 1.134 8 0.291 8 0.200 8 0.352 9  0.508 6
RSD/% 1.60 141 1.54 2.04 1.99 2.14 0.94 1.44 1.40
AN/ C 25 10357 1169 4 L1527 15212 11129 02855 0.1973 03486 05186
30 0.996 6 1.154 4 1.1557 15353 1.160 5 0.298 4 0.202 9 0.358 7 0.500 5
35 1.020 4 1.141 9 1.184 9 1490 8 1.130 5 0.288 5 0.198 9 0.344 3 0.517 1
T {E 1.017 6 1.155 2 1.164 4 1515 8 1.134 6 0290 8 0.199 7 0.350 5 0512 1
RSD/% 1.94 1.19 1.53 1.50 2.12 2.32 1.44 2.11 1.96
AT A Agilent HC Cy 0.924 3 1.163 2 11211 15388 11075 03008 02031 03936 0579 0
Agilent SB Cjs 0.956 3 1.205 0 1.097 9 1500 1 1.099 6 0.293 3 0.205 6 0378 7 0.566 1
LiChrospher RP-18 0.943 9 1.185 5 1.091 7 1483 0 1.067 6 0.295 2 0.201 9 0.381 8 0.563 5
41 0.941 5 1.184 6 1.103 6 1507 3 1.091 6 0.296 4 0.203 5 0384 7  0.569 5
RSD/% 1.71 1.77 1.40 1.90 1.94 1.32 0.93 2.04 1.46
NGIES Agilent 1260(DEABB03888) 0.980 2 1.156 0 1.167 8 1.623 7 1.147 0 0315 3 0212 4 0384 9 0543 5
Agilent 1260(DEABB0393) 1.024 1 1.177 4 1.166 1 1594 9 1.1342 0312 6 0212 7 0383 9 0536 5
Agilent 1260(M8418AA)  0.980 7 1.144 1 1.159 5 1561 6 1.1242 0305 9 0212 7 0370 5 0.523 2
TR 0.995 0 1.159 2 1.164 5 1593 4 1.1352 0311 3 0212 6 0379 8 0534 4
RSD/% 2.53 1.46 0.38 1.95 1.01 1.54 0.09 2.11 1.93
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Table 5 Determination results of QAMS and ESM
e WA JLER AL AR A BT Je iy
ESM ESM QAMS RSD/% ESM QAMS  RSD/% ESM QAMS  RSD/% ESM QAMS  RSD/%
S1 3.802 1.281 1.312 1.69 2.979 2916 1.52 1.829 1.845 0.60 0.281 0.270 2.94
S2 3.811 1.316 1.369 2.80 2.905 2.840 1.57 1.823 1.839 0.61 0.279 0.269 2.64
S3 3.705 1.242 1.291 2.73 2.985 2.893 2.26 2.015 2.021 0.23 0.352 0.365 2.56
S4 3.668 1.250 1.300 2.75 2913 2.848 1.57 1.978 1.986 0.30 0.360 0.371 2.16
S5 3.636 1.251 1.281 1.65 3.014 2.899 2.71 1.981 1.989 0.30 0.361 0.374 2.67
S6 3.705 1.295 1.347 2.79 2.985 2.893 2.26 2.015 2.021 0.23 0.352 0.366 2.76
S7 3.668 1.250 1.290 2.19 2913 2.848 1.57 1.978 1.986 0.30 0.360 0.375 291
S8 3.636 1.251 1.281 1.65 3.014 2.949 1.57 1.981 1.989 0.30 0.361 0.374 2.67
S9 4.127 1.308 1.360 2.71 2.887 2.772 2.90 1.875 1.887 0.47 0.349 0.336 2.70
S10 4.143 1.286 1.337 2.74 2.861 2.756 2.64 1.890 1.902 0.44 0.350 0.336 2.93
S11 4.528 1.371 1.417 2.30 2.829 2.768 1.57 1.814 1.829 0.58 0.324 0.312 2.67
S12 4.123 1.312 1.364 2.71 2.894 2.839 1.40 1.876 1.889 0.47 0.349 0.335 2.88
S13 4.123 1.308 1.361 2.71 2.885 2.780 2.64 1.871 1.884 0.48 0.349 0.337 2.64
S14 4.127 1.252 1.301 2.71 2.649 2.565 2.30 1.759 1.778 0.73 0.349 0.335 291
o VAT T3 INEED P11y KRB ik
ESM  QAMS RSD/% ESM  QAMS RSD/% ESM  QAMS RSD/% ESM QAMS RSD/% ESM  QAMS RSD/%
S1 0.730 0.757 2.55 0.261 0.270 224 3.784 3.707 1.45 0.578 0.584 0.70 1.803 1.740 2.54
52 0.736 0.713 2.21 0.262 0.271 2.24 3.807 3.730 1.46 0.578 0.583 0.70 1.719 1.651 2.84
S3 0.583 0.607 2.80 0.271 0.279 2.25 3.726 3.651 1.45 0.561 0.567 0.71 1.461 1.405 2.76
S4  0.869 0.959 6.93 0.271 0.279 2.25 3.729 3.654 1.44 0.560 0.566 0.72 1.653 1.589 2.76
S5 0923 0.957 2.60 0.270 0.278 2.25 3.746 3.670 1.44 0.560 0.565 0.72 1.648 1.589 2.56
S6  0.896 0.927 2.48 0.278 0.287 2.25 3.726 3.651 1.45 0.561 0.567 0.71 1.257 1.216 2.35
S7  0.869 0.900 2.45 0.271 0.279 2.25 3.729 3.654 1.44 0.560 0.566 0.72 1.653 1.589 2.76
S8 0.923 0.957 2.60 0.270 0.278 2.25 3.746 3.670 1.44 0.560 0.565 0.72 1.648 1.589 2.56
59  0.863 0.890 222 0.285 0.294 222 3.708 3.631 1.48 0.586 0.592 0.68 1.634 1.586 2.10
S10  0.862 0.890 2.19 0.288 0.297 222 3.714 3.637 1.48 0.585 0.591 0.68 1.628 1.561 2.98
S11 - 0.945 0914 2.38 0.315 0.325 2.20 3.622 3.546 1.50 0.611 0.616 0.65 1.638 1.579 2.59
S12 0.859 0.891 2.53 0.285 0.294 222 3.697 3.621 1.48 0.587 0.592 0.68 1.642 1.579 2.76
S13 0.890 0.921 2.42 0.285 0.294 222 3.704 3.627 1.48 0.586 0.592 0.68 1.637 1.579 2.56
S14  0.863 0.890 222 0.285 0.294 222 3.995 3913 1.48 0.527 0.532 0.69 1.532 1.476 2.60
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