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(Abstract] Objective To establish an ultra high performance liquid chromatography (UPLC) fingerprint for Kouziqi (Panacis
Majoris Rhizoma), to develop a quantitative analysis of multi—components by single marker (QAMS) method for the quantitative

determination of eight chemical components of it, and to conduct a quality evaluation of Kouziqi (Panacis Majoris Rhizoma) by
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combining chemical pattern recognition analysis. Methods A Waters CORTECS UPLC T3 column was used with a mobile phase
consisting of 0.1% phosphoric acid water—acetonitrile solution for gradient elution. A UPLC fingerprint of Kouziqi (Panacis Majoris
Rhizoma) was established at a column temperature of 30°C and a flow rate of 0.3 mL/min, followed by cluster analysis, principal
component analysis (PCA), and orthogonal partial least squares—discriminant analysis (OPLS-DA). Using chikusetsusaponin Va as an
internal standard, relative correction factors were established for ginsenoside Rb,, ginsenoside Ro, ginsenoside Rbs, chikusetsus-
aponin IV, ginsenoside Rd, zingibroside R,, and calenduloside E. The content of these eight components was determined and
compared with the results obtained by the external standard method to verify the accuracy, repeatability, and feasibility of the
QAMS method. Results Twelve common peaks were identified from the fingerprints of 14 batches of samples, recognizing
ginsenoside Rb,, ginsenoside Ro, ginsenoside Rb;, chikusetsusaponin IV, chikusetsusaponin IV a, ginsenoside Rd, zingibroside R,
and calenduloside E as the main characteristic components. The similarity of the chromatograms among the 14 batches of samples
ranged from 0.793 to 0.993. Cluster analysis divided the 14 batches of samples into four categories. PCA yielded four principal
components with a cumulative variance contribution rate of 8320%, and OPLS-DA identified five differential quality markers. The
calculated values by the QAMS method showed no statistically significant differences from the measured values obtained by the
external standard method. Conclusion The established UPLC fingerprint combined with the QAMS method for Kouziqi (Panacis

Majoris Rhizoma) is simple and feasible. Coupled with chemical pattern recognition, it effectively provides a reference for the overall

quality control of Kouzigi (Panacis Majoris Rhizoma).

(Keywords) Kouziqi (Panacis Majoris Rhizoma); ultra high performance liquid chromatography; fingerprint; quantitative

analysis of multi—components by single marker; quality control; chemical pattern recognition
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Table 1 Origin information of Kouziqi (Panacis Majoris Rhizoma)
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S6 PR IR 23061201 S13 LM 23061204
S7 WA 2 24030903 S14 HONPEHLE 23061205
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Fig.1 UPLC fingerprints of 14 batches of Kouzigi (Panacis Majoris Rhizoma)
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Fig.2 Chromatograms of the reference standard (A) and test sample (B)
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Fig.3 Clustering analysis of 14 batches of kouziqi

(Panacis Majoris Rhizoma)
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Table 2 Eigenvalues and variance contribution rates of

PCA for Kouziqi (Panacis Majoris Rhizoma)

F G FFAE 725 i % SR 2216 1%
FHisr 1 3.847 32.06 32.06
Fisr 2 2.702 22.52 54.57
F 3 1.923 16.03 70.60
Fisr 4 1512 12.60 83.20

®3 MFL PCA BFHTIEM
Table 3 PCA factor loading matrix for Kouziqi

(Panacis Majoris Rhizoma)

s FER 1 ERr 2 FRr 3 Fr 4
1 0.089 -0.311 0.792 -0.458
2 0.276 0.258 0.311 0.729
3 -0.462 0.352 -0.246 -0.583
4 -0.625 0.206 0.405 0514
5 0.846 0.174 0.014 0.105
6 0.503 -0.277 0.760 -0.248
7 0.887 -0.007 0.196 0.021
8 -0.098 -0.919 -0.180 0.167
9 -0.090 -0.917 -0.198 0.074
10 0.457 -0.668 -0.287 0.116
11 0.723 0.311 -0.322 0.066
12 -0.809 -0.190 0.317 0.209

FE AT I B BT RN AR R AR, BT B AR
HARIT R

Y=0.320 6Y,+0.225 2Y,+0.160 3Y;+0.126 0Y, (1)

PSR TE ISR 4,195 RS k7L

Jr GO, Aoy, W BT B, # 14 HERE S

12 A IAT IR IETE AL S A SIMCA 14,1 it
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Table 4 Scores and rankings of the principal components

for 14 batches of Kouziqi (Panacis Majoris Rhizoma)

e Y1 Y2 Y3 Y4 Y Herw
SI -1.2818 0301 0 -1.931 6 04069 -0.601 5 11
S2 -0705 1 -4930 1 -15723 05227 -15225 14
S3 04432 -03150 -1.118 1 -0.1459 -0.1265 8
S4 22547 12589 -1476 0 -04892 07081 3
S5 1.692 8 06463 -00428 00256 06846 4
S6 34695 06674 02929 11151 14501 1
S7 13663 00190 02853 -02424 04575 5
S8 -03629 04858 00553 15002 01909 6
S9 44438 14465 07616 19671 -07290 12
S10 —2.156 2 1917 8 -1.766 8 -2.458 7 -0.852 4 13
SII 08819 06581 08416 12120 07186 2
S12 02125 -03626 18152 -0.8365 00358 7
SI13 -0378 0 -0.847 2 1756 8 -13103 -0.1955 9
S14 -0.567 9 -0.945 8 2098 8 -1.266 7 -0218 2 10
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of defection, LOD) M %€ 12 FR (limit of quantitation,
LOQ), HELEE S,



2024 455 44 4 R H 2GR 27244 http://hnzyydxxb.hnucm.edu.cn 2037

A
4
24

<

4
-24
-4

R

1]
E4 MFLERHHHEHE
Fig.4 PCA score plot

|

.

4.

- JURANE TN SER S B SRR T

1l

El5 #F+t OPLS-DA {5 HE
Fig.5 OPLS-DA score plot

VIP

™

'é‘l iéB Iié'Q dés i&'w ﬂéﬁ ié7 léS lé'lz léZ ﬂé|11 iél
Var ID

Be6 MFEEEZERHSHIVIPE

Fig.6 VIP values of the main constituents from Kouziqi (Panacis Majoris Rhizoma)
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Fig.7 Permutation test plot of Kouziqi (Panacis Majoris Rhizoma)
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Table 5 Examination of linear relationships among eight components in Kouzigi (Panacis Majoris Rhizoma)

LM (g mL™) LOD/(pg-mL™) LOQ/(pg-mL™)

%ix EVEp¥:: R?
NS HAT Rb, Y=677.64X-2 135.1 0.999 9
AZBH Ro Y=972.68X-26 590 0.999 9
NS AT Rby Y=1 343.4X-42 668 0.999 8
(URE 150\ Y=1 184.2X-19 863 0.999 9
281 Va Y=1 341.1X-28 873 0.999 9
NS B Rd Y=953.11X-3 850.9 0.999 9
FR =R R, Y=1 3252X-2 548.1 0.999 9
LRI E Y=556.7X-2 896.5 0.999 9

7.59~303.70 1.9 4.7
56.98~2 279.09 22 45
7.49~1 498.00 2.4 5.1
34.15~1 366.18 3.1 6.7
47.77~1 910.64 22 3.8

9.52~380.76 1.8 35

4.73~189.15 1.1 2.9
13.04~521.60 1.2 3.1

242 KEBRESIES  HUR— R (S2) MU 1%
“LUVH T 5551, ALt 6 I, SR AS BT
Rb, AZ A Ro AZBAT Rby, TSRV AT
WBEAF Na AS B Rd FR=LRIF R, &%
AEF E RO TEAL RSD 43514 1.93% .0.74% . 1.44% |
0.97% .0.87% .1.73% .0.84% .0.63% , F WX 2445 2%
ERAT,

243 FUEMESE  HURl—HEES (S2) A, #E
1IN S, T 0,2,4.8.16.,24 36 .48 h 4
BIHEFE 1 IR AR AS B Rby ASEH Ro AS
B Rb M ZRHEN TSR Na ASEH
Rd. Z2R =L B R &1 E MG RSDA
54 0.86% .0.31% .0.62% .0.25% .0.19% .0.59% .
0.35% ,0.43% , PN R AE 48 h NERE
244 FEREMETE BEAELN (S2),#72.2.27
TR Iy B FA T A 6 (st i i, # 2.1 0T 8,
TS, HLLERE 6 I, S5 R AS BT Rby A AS R
1 Ro AZ AT Rb, TS BTN M 1221 Va,

AZ A Rd Z2R =L 21 R, &b it E fym
FHLRSD 235K 1.18% .1.62% 1.33% . 1.07% .1.65% |
1.00% ,1.15% .1.30% , R ER G M R 4T,

245 AEEDSSRE  REEARE 6 Oy T
FIEER S (S2) MR L) 0.5 g B THIEH 122 1:1
B R 3 B 1 U B A 45 6 B S VS T, 45 “2.2.27 T3
T O VA R A T U, 2.1 I R AR T
FEAHT TR AS Y Rby ASEH Ro AR
T R M2 BTN MR Na AS BT
Rd Z2R =L RAT R b 1T E MFEmAE ik
0N 104.74% 103.10% .105.70% .101.65% .
95.79% .102.60% .96.41% .101.47% , & B A J7 1 1)
PIFEEICR BAf, R 6,

25 —MEiEHARE

251 AXRIERFRTHR HUR SR BERS B A TR
AR BRI 2.1 BT g A R R e %
W, DT 2B Na AR, IR AS B
Rb, AZ B Ro AZEH Rb, M TS RTFNV A
Z A Rd Z2R =L B R &A1 E MR



2024 455 44 4 IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 2039
F o6 fiEEEER
Table 6 Recovery results of spiked samples
% T Wuke /g JiA f/mg JIA &/mg A& /mg [T /% RSD/% S ISR %
NS Rb, 1 0.500 1 1.988 1.932 4.016 104.95 0.83 104.74
2 0.501 2 1.992 1.932 4.021 105.00
3 0.499 2 1.985 1.932 4.027 105.72
4 0.500 4 1.989 1.932 4.025 105.38
5 0.499 8 1.987 1.932 3.996 103.98
6 0.500 9 1.991 1.932 3.989 103.42
ANZHT Ro 1 0.500 1 23.447 23.145 47.373 103.37 0.47 103.10
2 0.501 2 23.499 23.145 47212 102.45
3 0.499 2 23.405 23.145 47.279 103.15
4 0.500 4 23.462 23.145 47314 103.06
5 0.499 8 23.433 23.145 47212 102.74
6 0.500 9 23.485 23.145 47518 103.84
AZ R AT Rb; 1 0.500 1 1.950 2.055 4.119 105.55 0.60 105.70
2 0.501 2 1.955 2.055 4.146 106.63
3 0.499 2 1.947 2.055 4.114 105.45
4 0.500 4 1.951 2.055 4.128 105.92
5 0.499 8 1.949 2.055 4.127 105.97
6 0.500 9 1.953 2.055 4.105 104.71
NS EHN 1 0.500 1 2.763 2.704 5.511 101.66 1.04 101.65
2 0.501 2 2.769 2.704 5.492 100.73
3 0.499 2 2.758 2.704 5.472 100.40
4 0.500 4 2.764 2.704 5511 101.61
5 0.499 8 2.761 2.704 5523 102.17
6 0.500 9 2.767 2.704 5.561 103.34
M5B Va 1 0.500 1 10.288 10.344 20.304 96.82 0.79 95.79
2 0.501 2 10.311 10.344 20.221 95.81
3 0.499 2 10.270 10.344 20.177 95.78
4 0.500 4 10.295 10.344 20.225 96.00
5 0.499 8 10.282 10.344 20.055 94.48
6 0.500 9 10.305 10.344 20.220 95.85
NS Rd 1 0.500 1 2.786 2.648 5513 102.98 1.43 102.60
2 0.501 2 2792 2.648 5.496 102.11
3 0.499 2 2.781 2.648 5.496 102.54
4 0.500 4 2.788 2.648 5573 105.19
5 0.499 8 2.784 2.648 5.487 102.07
6 0.500 9 2.790 2.648 5.458 100.74
ZAIR=LBH R 1 0.500 1 2.887 2.839 5.634 96.77 0.59 96.41
2 0.501 2 2.893 2.839 5.611 95.73
3 0.499 2 2.882 2.839 5.610 96.10
4 0.500 4 2.889 2.839 5.611 9591
5 0.499 8 2.885 2.839 5.634 96.85
6 0.500 9 2.892 2.839 5.648 97.11
SREHE 1 0.500 1 4.628 4.552 9.194 100.31 0.80 101.47
2 0.501 2 4.638 4552 9.257 101.47
3 0.499 2 4.620 4.552 9.203 100.70
4 0.500 4 4.631 4.552 9277 102.07
5 0.499 8 4.625 4.552 9.263 101.87
6 0.500 9 4.635 4552 9.296 102.40
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WERF(firs) o
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HERFMYIB AR EE A s NIRRT, 1 ULRT .
2.5.2 RSO gk i SR TR O B8 i ] B
SR LA G AT 2 B IV a % B IR Y FU A, X
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AZRH R, SR EN AZSRH R ZR=L
A R R b E AR B IR 73510 0.547 0,

0.696 0.0.852 4 0911 8.1.020 2.1.305 5.1.459 9,
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Table 7 Relative correction factors of each component based on chikusetsusaponin IVa
¥ ASEHRL  AZEHFRe  AZEHRL  TEEHEN AZEHR BR=LEHR  SRAHE
1 1.847 9 1.399 1 1474 9 1.144 0 1438 1 0.983 8 2.647 7
2 1.862 1 1.376 3 1.448 2 1.144 0 1.435 2 0.968 9 2.680 1
3 1.871 7 1.377 0 1.458 2 1.144 3 1.435 2 0.996 0 2.850 3
4 1.866 0 1.378 8 1.455 8 1.141 2 1422 8 1.004 6 2.673 8
5 1.852 3 1.385 2 1455 9 1.138 9 1417 8 1.007 0 2.659 6
6 1.853 0 1.377 9 1.456 7 1.138 3 1417 7 1.005 4 2.660 4
FIE 1.858 8 1.382 4 1.458 3 1.141 8 1.427 8 0.994 3 2.695 3
RSD/% 0.50 0.64 0.61 0.24 0.66 1.52 2.85
x8 BN IR B E (min)
Table 8 Relative retention times for each component (min)
AN[E) A ABEH Rb, AZEBH Ro AZEI Rh, WS EHEN ASEH Rd ZR=LEH R, £FLHE
Waters CORTECS UPLC T3(2.1x100 mm, 0.563 1 0.689 2 0.865 3 0915 9 1.025 3 1297 3 1.453 9
1.6 wm, 5 :01153932315931
Waters CORTECS UPLC T3(2.1x100 mm, 0.562 4 0.692 8 0.863 2 0916 6 1.021 4 1293 5 1.450 5
1.6 pm, L5 :01153932315945)
Waters ACQUITY UPLC BEH C18(2.1x 0.528 7 0.722 1 0.838 9 0.906 6 1.017 8 1318 4 1.470 0
100 mm,1.7 pm, 5 :02473428215748)
Waters ACQUITY UPLC BEH C18(2.1x 0.533 8 0.679 9 0.842 1 0.908 2 1.016 5 1312 7 1.465 1
100 mm,1.7 pm, 5 :03493930915175)
FHIE 0.547 0 0.696 0 0.852 4 0911 8 1.020 2 1305 5 1.459 9
RSD/% 3.35 2.62 1.62 0.57 0.39 0.92 0.63
RO AR XHE IR IE B FHI#500
Table 9 Effects of different instruments on relative correction factors
NIF A AZ A Rb, AZ A Ro AZRBH Rb; MHSEHN ASRITRd ZR=LRBITR £FEHE
Waters CORTECS UPLC T3(2.1x100 mm, 1.861 7 1.376 7 1.461 8 1.146 7 1.434 0 0971 3 2.633 6
1.6 pm)
Waters CORTECS UPLC T3(2.1x100 mm, 1.867 9 1.376 9 1.458 9 1.144 3 1.438 0 1.006 1 2.557 6
1.6 wm,#t*5:01153932315945)
Waters ACQUITY UPLC BEH C18(2.1x 1.836 6 1374 7 1.529 3 1.137 6 1.485 8 0.998 6 2.686 7
100 mm, 1.7 pm, k5 .02473428215748)
Waters ACQUITY UPLC BEH C18(2.1x 1.844 7 1373 4 1.529 0 1.138 1 1.487 5 0.978 4 2.665 2
100 mm, 1.7 pm, HtE.03493930915175)
FEHE 1.852 7 1.375 4 1.494 8 1.141 7 1.461 3 0.988 6 2.635 8
RSD/% 0.79 0.12 2.66 0.40 2.01 1.66 2.14
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Table 10 Effects of different flow rates on relative correction factors
W/ (mL-min™)  AZEH Rb,  AZEITFRo  AZEIFRbh, MHZETFN  AZETRI ZRELEBHFR SRATE
0.25 1.873 2 1.375 7 1455 5 1.141 1 1.361 4 0.988 7 2.568 1
0.3 1.861 7 1.376 7 1.461 8 1.146 7 1434 0 0.971 3 2.633 6
0.35 1.890 7 1.381 5 1.470 3 0.116 4 1425 1 0.995 9 2.693 6
SE¥ME 1.875 2 1.378 0 1.462 5 1.144 0 1.406 9 0.985 3 2.631 8
RSD/% 0.78 0.22 0.51 0.25 2.81 1.28 2.38
F 11 AEHERMNENKERFHIRM0
Table 11 Influence of different column temperatures on relative correction factors
HER/C ANZBH Rb AZ A Ro AZBH Rbs NS HN AZBH Rd LR=LRH R, SENHE
25 1.866 2 1376 6 1.454 3 1.139 9 1.447 7 0.924 2 2659 9
30 1862 1 1376 3 1.448 2 1.144 0 1435 2 0.968 9 2680 1
35 1.865 8 1378 4 1512 1 1.142 2 1.486 7 0.961 0 2553 8
FHIE 1.864 7 1.377 1 1471 5 1.142 0 1.456 5 0.951 4 2.631 2
RSD/% 0.12 0.08 2.40 0.18 1.84 2.51 2.58
254 HEREARME 4R RISk "
o . . . RAD="—"x100% (2)
(quantitative analysis of multi-components by single— X

marker, QAMS) 54 MRk (external standard method ,
ESM)X} 14 #Lycns-LAEEAT ik 8 Bl iy &
EHEATINGE | UAHRTF- 2 0 22 %08 W5 4> 5 125 () 435 SR sk

L Xi R QAMS 7 i RE B 45 SR X S AP
J7 VRN BE TR 0
THEAE PR 12, 85 R 20— Z1FkAE

FriemtEiter .

T AR bR & VAN TP AN A AT

F 12 —NWEIFESHMRELR

Table 12 Comparison of results for content determination of eight components between QAMS and ESM
% Wk Sl S2 S3 S4 S5 S6 S7 S8 S9 S10  SI1 SI2  SI13  Sl4
iz E#HNa  ESM 1496 2058 24.15 2442 31.65 3583 2681 2376 1005 2207 3357 2089 1733 1937
NSRBI Rb, ESM 068 398 281 3.03 323 395 458 203 274 331 447 725 6.5 7.7
QAMS 071 437 274 288 311 393 436 196 278 332 416 6.76 68 739
RAD/%  2.16 468 -127 -254 -190 -026 -247 -176 073 0.6 -3.60 -350 226 -2.06
AZ 24 Ro ESM 4775 46.89 49.92 41.66 5896 77.28 58.15 68.76 62.72 4295 78.67 5387 442 4639
QAMS 4734 5028 50.18 41.01 5937 7877 5806 6899 6325 4389 79.15 53.66 43.78 46.75
RAD/% -0.44 349 026 -079 035 096 -008 0.7 043 109 031 -020 -048 0.39
AZBH Rb, ESM 4.96 39 419 257 71 279 489 367 1135 4493 253 608 89 7.19
QAMS 473 388 393 24 695 287 478 354 1076 4378 242 57 818 1738
RAD/% -238 -026 -321 -343 -107 142 -114 -181 -267 -130 -223 -323 -422 131
(L SER\Y ESM 1191 553 261 416 1006 851 775 1576 5522 043 1053 1654 143 12.69
QAMS 11.68 548 256 407 993 885 781 1573 5447 04 1029 162 138 1294
RAD/% -098 -046 -097 -1.10 -0.66 196 039 -0.10 -0.69 -3.62 -1.16 -1.04 -178 098
AZ AT Rd ESM 184 558 634 522 1023 1081 1098 667 069 062 852 1271 1529 14.54
QAMS 186 595 586 522 1054 1098 1147 679 0.69 063 891 13.19 1635 1555
RAD/% 055 321 -394 000 150 079 219 090 000 081 224 186 336 3.36
LR=LBIF R, ESM 08 578 073 056 074 069 087 117 076 025 103 121 114 093
QAMS  0.79 59 077 055 071 072 08 119 08 026 106 118 107 096
RAD/% -0.63 103 267 -091 -207 213 058 085 380 197 144 -126 -3.17 159
SR E ESM 125 926 109 088 1.21 122 129 101 096 09 157 191 191 179
QAMS 137 1003 1.10 081 125 132 139 109 105 092 172 19 190 191
RAD/% 459 400 046 -415 163 394 374 381 448 110 456 130 -027 325
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