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Quality Evaluation of Guxian Tablets Based on Multi — Component Quantitative Analysis,

Chemometrics,and Grey Relational Analysis
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(1. Pingdingshan Institute for Food and Drug Conirol.Pingdingshan.Henan,China 467000; 2. School of Pharmacy .Henan University of Chinese

Medicine , Zhengzhou , Henan , China 450046 )
Abstract: Objective To establish a quality evaluation method for Guxian Tablets. Methods High - performance liquid
chromatography (HPLC) was used for the content determination of catalpol, rehmannioside D, rehmannioside A, leonuride,
specnuezhenide, oleuropein, nuezhenoside G13, curculigoside B, curculigoside, neoeriocitrin, naringin, fangchinoline and tetrandrine in
Guxian Tablets. The chromatography column was Nucleodur C, column (250 mm X 4.6 mm,5 pm) ,the mobile phase was
acetonitrile — 0. 1% phosphoric acid aqueous solution (gradient elution),the flow rate was 1.0 mL / min,the detection wavelength
was set at 203 nm for catalpol, rehmannioside D, rehmannioside A and leonuride, 224 nm for specnuezhenide, oleuropein and
nuezhenoside G13, and 280 nm for curculigoside B, curculigoside, neoeriocitrin, naringin, fangchinoline and tetrandrine, the column
temperature was 30 °C and the injection volume was 10 wL. The chemometrics and grey relational analysis (GRA) method was
used to analyze the difference in the results of multi - index component content. Results The 13 components had good linear
relationships within their respective ranges (r > 0.999,n = 6). The RSDs of precision, stability, and repeatability test results were
all lower than 2.0%. The recovery rate of 13 components was in the range of 96.88% — 100.14%,with RSD < 2.0% (n = 9).
Cluster analysis (CA) showed that 18 batches of samples were clustered into three categories, while samples from the same
manufacturer were clustered into one category. The results of principal component analysis (PCA) showed that the cumulative

variance contribution rate of the three principal components with eigenvalues > 1 was 89.367%. The results of orthogonal partial
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least squares — discriminant analysis (OPLS — DA) showed that catalpol, specnuezhenide, tetrandrine , naringin, rehmannioside D and

neoeriocitrin were the main potential biomarkers affecting the quality of Guxian Tablets. GRA results showed that the relative

correlation of the 18 batches of samples ranged from 0.337 9 to 0.623 6,and the difference in the quality of samples from the

same manufacturer was little. Conclusion The established method has accurate results and good reproducibility, which can be used

for the quality evaluation of Guxian Tablets.

Key words:Guxian Tablets; HPLC;grey correlation analysis method ; chemometrics ; quality evaluation
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5 wm) ;MBI ZIE(A) - 0. 1% BEFR /KA S -100 6
JE BE B (0 ~ 10 min I 9. 0%A , 10 ~ 22 min I 9. 0%A —
12.0%A , 22 ~ 37 min I} 12.0%A — 30.0%A , 37 ~
48 min i} 30. 0%A — 35. 0%A,48 ~ 59 min i} 35. 0%A —
52.0%A , 59 ~ 68 min I 52.0%A — 70.0%A , 68 ~
75 min i} 70. 0%A — 9. 0%A ) ; it : 1. 0 mL / min; £
P :203 nm(0 ~ 22 min PR IIAF RS 3 D Hb 3 A
s BEREAF ) 111130 224 nm (22 ~ 37 min BHKG 45 22 0t
T OHOE 5 A e 0T G13) 147160 1280 nm (37 ~ 75 min
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AT GHTL L 2R HAT b B2 AT (B O Ry Bl B
WA 2% 0 i, R B PROE , W — 2 s, ] 70% T
il B R e 4 51 M 0,634, 0.512, 0. 318, 0. 174,
1.630, 0.142, 0.410, 0.096, 0.258, 0.730, 0.976,
0. 832,1. 310 mg / mL AR G XF Ak T 45 T o 05 % W2 B
TR A% BRI W 1. 0 mL, JT] 70% W P s B g I 3R
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1. Catalpol 2. Rehmannioside D 3. Rehmannioside A 4. Leonuride 5. Specnuezhenide 6. Oleuropein 7. Nuezhenoside G13 8. Curculigoside B

9. Curculigoside  10. Neoeriocitrin

A. Mixed reference solution B. Test solution C - G. Negative reference

11. Naringin

12. Fangchinoline  13. Tetrandrine

solution (lacking Rehmanniae Radix Praeparata, Ligustri Lucidi Fructus,

Curculiginis Rhizoma, Drynariae Rhizoma,and Stephaniae Tetrandrae Radix,respectively)

Fig.1 HPLC chromatograms
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F1 BAHESEUEXREZRER(n=6)

Tab.1 Results of the linear relation test of 13 components

(n = 6)

B 525 L E (pg/ml) r
HR A=4.3026x10°C+1203.9 3.17~158.50 0.9995
®EHD A=3.6859x10°C-715.6 2.56~128.00 0.9992
REHA A=3.5814%10°C-419.2 1.59~79.50 0.9999
AFFEHE A=2.3801x10°C-803.8 0.87~43.50 0.999 4
SR A=6.8352x10°C+1009. 1 8. 15~407.50 0.999 2
HALE A=1.8659x%10°C+185.6 0.71~35.50 0.9996
K G13 A=3.9012x10°C-548.7 2.05~102.50 0.9993
WFHT A=1.2648x10°C+1051.2 0.48~24.00 0.9994
= A=2.6887x10°C-796.5 1.29~64.50 0.9995
HLEFEF  A=5.1026%10°C-907.0 3.65~182.50 0.9997
AR A=6.4709 % 10°C-1604.2 4. 88 ~244.00 0.9992
By i Hh A A=5.8034x10°C-1118.5 4.16~208. 00 0.9996
W LA A=7.2058x10°C-629.3 6.55~327.50 0.999 8

FE LIS AL, MRS A RS S
B RSD ¥5/NF 2. 0% (n = 6) , KW ik E M B4
JIRE NSRS  BE & B RRE S (G5 SR,
FRAA T WA, By HL 0. 5 g AE B E , 2 BRI
R KT AR B %o B I VR ORI L b 31 Dl o
A g BERCH AP 0TH MO 2 0T G13 Ailsr
T AT BT AL S 2 B8 Al R LB IR AR K
7 B % JHE A ) S B VA B 3 5310 0. 431, 0. 359,0. 217,
0.098, 1.251, 0.078, 0.289, 0.058, 0.141, 0.497,
0.771,0.557,0.974 mg/ mL)0. 8,1.0,1.2 mL, % 3 {77,
F22. 1. 2300 F Jy il s ol s i, 4% 2. 1. 130T 4%



2024412 3 5 H 5533 #5523 )
Vol. 33,No. 23, December 5,2024

&%

China Pharmaceuticals

IR -

Inspection and Test

F2 1IB#tERPBMEASEMNELE R (ng/ Fr,n=3)

Tab.2 Results of the content determination of 13 components in 18 batches of samples (mg / tablet,n = 3)

BA S1 S2 S3 S4 S5 S6 S7 S8 S9 S10  s11 S12 S13 Si4 S15 Sl S17 SIS

e 0.274 0.351 0.284 0.316 0.338 0.391 0.329 0.293 0.172 0.242 0.223 0.157 0.252 0.306 0.213 0.264 0.206 0.232
REFHD 0.228 0.263 0.206 0.260 0.280 0.293 0.286 0.254 0.176 0.160 0.163 0.134 0.250 0.192 0.267 0.221 0.147 0.242
HEHFA 0.142 0.165 0.141 0.158 0.171 0.187 0.179 0.150 0.119 0.126 0.123 0.123 0.226 0.210 0.218 0.234 0.201 0.193
AREF 0.062 0.072 0.066 0.059 0.069 0.049 0.055 0.052 0.034 0.036 0.032 0.029 0.095 0.092 0.088 0.100 0.103 0.084
ki 0.804 0.740 0.762 0.822 0.794 0.860 0.879 0.842 0.640 0.692 0.661 0.627 0.969 1.012 1.031 1.052 0.990 0.880
HHLE 0.051 0.048 0.042 0.040 0.045 0.031 0.031 0.037 0.029 0.033 0.027 0.030 0.057 0.060 0.063 0.071 0.066 0.054
3 G13 0.186  0.200 0.244 0.212 0.218 0.155 0.225 0.205 0.279 0.257 0.265 0.271 0.159 0.168 0.154 0.144 0.175 0.181
WFHLT 0.035 0.041 0.035 0.034 0.038 0.043 0.040 0.037 0.036 0.026 0.034 0.033 0.032 0.031 0.030 0.029 0.038 0.037
(B 0.088 0.080 0.079 0.084 0.086 0.093 0.091 0.082 0.072 0.077 0.075 0.070 0.112 0.116 0.109 0.120 0.114 0.106
#HLEFEF 0316 0.343 0.263 0.377 0.351 0.333 0.363 0.413 0.288 0.323 0.297 0.276 0.406 0.505 0.428 0.489 0.454 0.441
)& 0.495 0.388 0.328 0.479 0.506 0.534 0.465 0.447 0.393 0.432 0.421 0.408 0.634 0.673 0.606 0.660 0.645 0.620
by LR 0.359 0.404 0.396 0.484 0.458 0.559 0.506 0.536 0.593 0.496 0.582 0.520 0.543 0.460 0.433 0.453 0.292 0.381
#rbr T, 0.622 0.671 0.641 0.714 0.692 0.578 0.556 0.735 0.559 0.603 0.580 0.537 0.865 0.844 0.922 0.893 0.801 0.823
FRAFREREDIAE | V0 W T B o 45 2 13 Bl SE o0 ) - S et A S R TR G

[0 5 43 5l Ry 98.97%, 9. 09%, 97.25%, 96. 88%, 54
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S13 - SI8MIFER RN 1R ML), [ —A: 7 Rkt
TN 128, R IR N 1 2R AURE S AR PR -

FRLAF4IHT(PCA) : DL IS HEARE S AR i D
HHEF A 25 REET CRE g T MO Lo DT G13,
M 2 AN B Hr b 3E 5 Al R AT Bl 2 AR
B 93 B L 1 5 0 B A 18 x 13 B Ak e,
A SPSS 26. 0 Gt it 22 4 A4 4T PCA A3 A AE(E KT 1 1Y
F W43 3 4~ (PC1, PC2, PC3) , Hiy 22 ik R 40 5l K
63.330%, 17.865%, 8.172%, R il 77 22 51 ik K K
89.367%  Horp , M BT A (25 R R R L 0T O

Fig.2 Dendrogram of the CA

v G13 AEE AT OBl 36 70 bl A AR B
LB PCT Y BT R EE 5, A Pt L Hi 27 D AL 1 2%t
PC2 M BTk BE /&1 , Bl O 1R PREROGT PC3 1 BT ik 5 o 48
SIMCA 14. 184257 PCARERY  $RH 3 4> 3 43 (7Y
M R2X = 0. 894) , i — 2043 H , A5 18 L AE i i PCA 1543
BB 3) o ml UL T8 — T R FE S T [ — M, 5 CA 25
IR — 3 H AN A 85310, R WY 18 LA i A 5

-5 T T T T T T T T T T T T T T T ]
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Fig.3 Score plot of the PCA
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1E A e /N 3R F 5150 Br (OPLS = DA) : IRAFZ
5 AUl R O Y 22 AR, SIMCA 14, 1
AR XF 18 LA it v 13 A i A3 5 i W R 11 18 x 13
FEFEHEAT OPLS — DA, 255 UL & 4 AT UL, 25 A0 AR s B
£Erh BRI R2X = 0. 910, R?Y = 0. 919, 0% =0. 888,14k
F0. 8, FIBAIERE | AT4E X OPLS — DABLAYFEAT 200 1K
B RAGG , 25 R A 0 B R2AE AT QXA I K T 22 () R2
{EA QA LI 5, 200 OPLS — DA BRI 14 .
6 m AN, 45 A 43 1 A8 o B B M 4R R (VIP) (E 53 il
1.4597,1.183 0,0.728 4,0.594 2,1.406 9, 0. 446 8,
0.823 6,0.268 5,0.462 8,0.997 7,1.261 8,1.013 5,
1.341 4, LA VIP > 1 3 R G Bl R 10 22 50
S NAEEE M ECTE D R T AR AT (B O AR A
W B OO, BT IE 3 S R H Y VIPAESET 1, XAl A 10 5
ST — R, X 7 B X B A BT s T A
K, oVE R BN A R bR L)

1[2]

-0.3 T T T T T T T T 1]
-0.6 -0.4 -0.2 0 0.2 0.4
RX[1]=0.673 R?X[2]=0. 127 Ellipse: Hotelling’s 7°(95%)
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Fig.4 Score plot of the OPLS — DA model
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Fig.5 Replacement detection results of the OPLS — DA
2.3 GRA
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Tab.3 Results of raw data normalization of the content determination of 13 components in 18 batches of samples

BE o R RAHED ARFA SFEF FRi0F ANEEF KICI3 RFHC RFHE HLEZER O BEF BLEAR HEIR
Sl 1.0182 1.0206  0.8338  0.9480  0.9611 1.1283 0.9056 1.0029  0.9576 0.853 4 0.9756 0.764 3 0.8860
2 1.3043  1.1773  0.9689  1.1009  0.8846 1.0619 0.9737 1.1748  0.8705 0.9263 0.7647 0.860 1 0.9558
S3 1.0554 0.9221 0.8280 1.0092  0.9109  0.9292 1.1879 1.0029  0.8596 0.7102 0.646 4 0.843 1 0.9131
S4 1.1743  1.1638  0.9278  0.9021  0.9827  0.8850 1.0321 0.9742  0.9140 1.018 1 0.9440 1.030 4 1.0171

S5 1.2560 1.2534  1.0041 1.0550  0.9492  0.9956 1.0613 1.0888 0.9358 0.9479 0.9972 0.9751 0.9858
S6 1.4530  1.3115  1.0981  0.7492 1.028 1 0.674 8 0.754 6 1.2321 1.0120 0.8993 1.0524 1.190 1 0.8234
S7 1.2226 1.2802 1.0511  0.8410 1.0508  0.6814 1.095 4 11461 0.9902 0.9803 0.9164 1.0773 0.7920
S8 1.0888 1.1370  0.8808  0.7951 1.0066  0.8186 0.998 1 1.0602 0.8923 1.1153 0.8810 1.1412 1.0470
S9 0.6392 0.7878 0.6988  0.5199  0.7651  0.6416 1.3583 1.0315 0.7835 0.7777 0.7745 1.2625 0.796 3
SI0 0.8993 0.7162  0.7399  0.5505  0.8273  0.7301 1.2512 0.7450 0.8379 0.8723 0.8514 1.056 0 0.8590
SIt 0.8287 0.7296  0.7223  0.4893  0.7902  0.5973 1.2902 0.9742  0.8161 0.802 1 0.8297 1.239 1 0.8262
S12 0.5834  0.5998  0.7223  0.4434  0.7496  0.6637 1.3194 0.9456 0.7617 0.7453 0.8041 1.107 1 0.7650
S1I30.9365 11191  1.3271 1.4526 1.1584 1.2611 0.774 1 0.9169 1.2187 1.096 4 1.2495 1.156 1 1.2322
Si4 11371 0.8594 1.2331 1.4067 1.209 8 1.3274 0.8179 0.8883 1.2622 1.3638 1.3264 0.9793 1.2023
SIS 0.7915  1.1952  1.2801  1.3456 1.2325 1.3938 0.749 8 0.8596 1.1861 1.1558 1.1943 0.9219 1.3134
St6 0.9810 0.9893  1.3740 1.5291 1.2576 1.5708 0.701 1 0.8309 1.3058 1.3206 1.3007 0.964 4 1.2721
SI7  0.7655 0.6580 1.1803  1.5749 1.1835 1.4602 0.8520 1.0888 1.2405 1.2260 1.2712 0.6217 1.1410
SI8  0.8621 1.0833 1.1333  1.2844 1.0520 1.1947 0.8812 1.0602 1.1534 1.1909 1.2219 0.8112 1.1724

x4 BHERERASEFIINRESEFINKEKE
Tab.4 Correlation between 18 batches of samples and the optimal / worst reference sequences
£ Sl 2 S3 S4 S5 S6 7 S8 9 S10 St S12 S13 Sl4 SIS 516 S17 S18

0.4564 0.5155 0.4458 0.5010 0.5358 0.6007 0.5441
0.5767 0.5438 0.6383 0.5209 0.4971

Ry 0.5101

i(h.

Ry,

i

0.4689 0.4239 0.4536 0.4198 0.6598 0.6847 0.6572 0.7570 0.6388 0.5788
0.5463 0.5338 0.5278 0.7527 0.7102 0.7223 0.8226 0.4473 0.4442 0.4711

0.4569 0.5126 0.4675

RS ISHLEE MMV KB E R HHEF

Tab.5 Relative correlation and its ranking of 18 batches of samples

By MMRBE BE| AT RBMERE R | %5 ROXRE A
S 0.4418 13| ST 0.5048 9 |S13  0.59%0 3
S2 0.4866 12| S8 0.4915 10 | S14  0.6065 2
S3 0 0.4112 14| SO 0.3838 16 | SIS 0.5825 4
S4  0.4903 11 | SI0 0.3738 17 | SI6  0.6236 1
S5 0.5187 8 | SI1 03857 15 | S17  0.5548 5
86 0.5237 70812 03379 18 | S18  0.5532 6
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