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Huang AFIENEE KRG KAR K ERF NE Ak Sk R R R HE S MR AR TROSE R
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Quality evaluation of Zhachong-13 pills based on the content determination of 12 components combined
with multivariate statistical analysis
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ABSTRACT OBJECTIVE To evaluate the quality of Zhachong-13 pills. METHODS The contents of agarotetrol, costunolide,
hypaconitine, dehydrocostus lactone, mesaconitine, aconitine, liquiritigenin, glycyrrhizic acid, ellagic acid, liquiritin, corilagin,
and gallic acid in 18 batches of samples were determined by high-performance liquid chromatography-tandem triple quadrupole
mass spectrometry (HPLC-MS/MS) method. Cluster analysis (CA) was performed using the Microbioinformatics online analysis
platform. Principal component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) were
performed using SIMCA 14.1 software. Random forest, extremely randomized trees, and extreme gradient boosting machine
learning models were constructed using the SPSSAU online analysis platform. The comprehensive quality of the samples was
evaluated by the entropy weight-technique for order preference by similarity to ideal solution (TOPSIS) method. RESULTS The

contents of the above 12 components were 104.331-694.382,
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category, while S7-S9 and S16-S18 were grouped into another category. The OPLS-DA results showed that the variable importance
in projection values of mesaconitine, glycyrrhizic acid, liquiritin, ellagic acid, hypaconitine, liquiritigenin, agarotetrol, gallic
acid, and dehydrocostus lactone were greater than 1. The results of the three machine learning models showed that ellagic acid and
hypaconitine had relatively large differential contributions. The entropy weight-TOPSIS results showed that the overall quality of
samples from manufacturer B was superior to that of the other four manufacturers. CONCLUSIONS The established method is
stable and feasible, and can be used to evaluate the quality of Zhachong-13 pills, in combination with multivariate statistical
analysis. Ellagic acid and hypaconitine are differential markers that affect its quality.

KEYWORDS Zhachong-13 pills; content determination; HPLC-MS/MS method; chemical pattern recognition analysis; entropy

weight-TOPSIS analysis; machine learning; quality evaluation
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“h221137.,240717 ,250213, #4% 2 /10K I H B K5
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100 mm, 3 pm) A (G EHE, LRI (A)-0.1 % F BR /K I T
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25%A; 0.3~1.0 min, 25%A—45%A; 1.0~1.5 min,
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FEARFAH 7909 BLI-I8SI(EET) -13
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HiiE 5758 2552 119.0(Fi &) 25
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Bl 5492 3009-2839( 5 F) 34
HEH 4798 470-0550(5 5 F) 2
fil it 3949 6331301005 F) 2
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2.1.2 WM

(1)K H 0 T VAR T < s 288 R LA DU e AR A
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TEZED; 2026 455 37 5 19

A T v 4 1)k 454.00 ., 556.00 ., 357.00 ., 533.00
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®2 LREESHERATESLEERE

i B Ryt r SR (ngmL)
YU R F=9.86X 10°4+2.06 X 10° 09999 45.400~4 540000
KERNE Y=5.23X10°K+5.76 X 10° 09992 55.600~5 560.000
KL Y=585X 10X 493X 10° 09995 3.570~357.000
FAAFNE Y=329X 10°1+5.78 X 10° 09990 53.300~5 330.000
KM Y=212X10°Y 9,36 X 10° 09998 0448~44.800
B3 Y=657X10°4+941 X 10° 09996 0.800~80.000
% Y=5.50X10°%+2.85X 10° 09991 43.900~4 390.000
TEm Y=0.68X 102X —4,63X 10¢ 09998 1.052.000~105 200.000
Elem T=0.79X 104999 X 1(° 0997 51.920~5 192,000
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mL[HC2.1.2 (1) "IN YRS Sk 5 S 2 Skl
2 OBAEIR H R ) BRSBTS OE
i, H T 10 mL AR, [FRE LR 2 s i AT
P 0P 1.81 mg AR & FE N TR 1.94 mg. 25 & AT N Tk
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BE 0 S I AU R INEE R . 25 R Eon, DA
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ST 118812 779329 22831 1163.834 3.107 0953 205.827 2231.268 3721518 442,775 475722 4826.396
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1253074 652217 29234 945153 3211 1327 419.579 4431.800 520886 883.180 70.676 1820.759
2 489130 834.140 126.625 984277 16055 10.451 465471 3540.173  603.353 440.291 64.059 2 (43.870

|

|

|
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|

|
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5597004 735856 22426 837506 3186 2263 170.184 2944.150 425,057 361.088 126122 2333979
0 485864 880.904 11774 1112677 1018 2347 76230 2368445 963.940 583.602 356401 1900814
7 531221 950850  6.051 1407369 1806 24967 167.635 2019412 689.126 194.185 175.061 2 622.080
SIS 499521 1037260 10.691 1365.826 1093 2466 131744 2465811 1039343 519217 297.638 2262905
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