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M E BN BNkt R E . ik R SRR &3 $ K= v AT R 3% (HPLC-MS/MS) 3% 52 18 #tAE 5 7 3T
A B RAIR AES R kA R EARE MBS AT kAR Bk R R BR H S MEET AR TROSE R
R A EESIT S HAITRESH(CA), KA SIMCAL4.1 2 AR BAT £ R 5 27 (PCA ) For B 34 5 > = 3 %] ) 247 (OPLS-
DA ) ; 5K B SPSSAU £ &4 #7 T & M R AL Ak AR 3% REAUIR A% A5 242 FH L3S 52 S A A ;SR R R AR - 18 12 22 48 i HE 5> (TOPSIS )
EIEMAERNEARE, BR LR 12F R 50455 5 4 104.331~694.382,652.217~1 085.075.6.051~130.980,612.174~
1417.179.1.018~32.239.0.953~24.967 . 65.552~652.239 .2 019.412~5 385.807 ,52.867~4 990.450 , 156.307~883.180,10.142~
475.722,1 102.863~4 826.396 pg/g. CA.PCAZR ¥ 27, 18 #Af S5 A M %E,S1~S6.S10~S15 A — % ,S7~S9,S16~S18 %
—%;0PLS-DA & R %+, #)Tﬁyﬁ'-iﬁk HIEE G AR R kA HEL AR AR TR FEAAFTABNEE TS
ML, 3AHEF TR LR BT, B R KA 2 F THRIER K, HAR-TOPSIS =4 R 27, B A &K
R THAMANT R B SN ET ERE TAT, 846 5 AR5 TH TRMILF+ 2k g 2 IR RS
KRG IE R R 20 EFAFED
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Quality evaluation of Zhachong-13 pills based on the content determination of 12 components combined
with multivariate statistical analysis

ZHANG Wei"?, ZHANG Qian''*, BAI Tuya"*, LI Xinkui’, HU Yuxia''’, ZHANG Mengdi''*, LIU Jing' *,
WANG Fang"?, LI Jun"*(1. School of Pharmacy, Inner Mongolia Medical University, Hohhot 010110, China;
2. Engineering Research Center of New Pharmaceutical Screening, Inner Mongolia Medical University, Hohhot
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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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PCA showed that the 18 batches of samples were divided into
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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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18 HtFLIh+ =R AL, 64tk (45 S1~S6, it 5-53 51 K
221139.231002 ., 230968-043 241011, 240229 , 2312241,
s 1 g/1060) 1 3 AT 55 34t (Fii 5 ST~S9, #5435
R 221137.,240717 ,250213, 4% 2 /10K I H B K5
34t (45 S10~S12, 4It5 43 41 20230408 , 20241001 .
20221001, #LA% 2 /10 K0) MG FI C T 525 34t (45 S13~
S15, 4t 5 43 % 4 23011003 , 2408041 | 2502037 , K #%
2 g/1080) I A D58 ; 34tk (45 S16~S18, it 543l
12510004 , 12410055, 12510003, KL 4% 2 /10 ki) g [ E
J %,

2 AEEHER
2.1 fLb+=mkiL et 2B SRS ENE
2.1.1 GBS EG A

3% 25 F 4 « L Shim-pack GIST-HP Cs(2.1 mmX
100 mm, 3 wm) A8, DL (A)-0.1 % P R K %
(B) A i a1 AR 1 47 86 BE P B (0.01~0.3 min, 10%A—
25%A; 0.3~1.0 min, 25%A—45%A; 1.0~1.5 min,
45%A; 1.5~3.0 min, 45%A—65%A; 3.0~5.0 min,
65%A—75%A; 5.0~5.5 min, 75%A—95%A; 5.5~7.0
min, 95%A; 7.0~7.01 min, 95%A—10%A; 7.01~10
min, 10%A ) ; i3 A 0.25 mL/min; A3 4 35 °C ; ghAfE =
M3 ul,

Jo T SR AR < R T LS 25 15 1 JRAE I A K
T~ LAZ HE 0 WI (multiple reaction monitoring, MRM)
B 5 I B B 10 L/ming fE 9% 57 36 N
526 °C; AL W& 4 3 Limin, 12 R 843 19 i 1% 2 5k
W1,

Fz1 12T 5H MRM FRi% 24

W TRA T fmin B (i) TR &V
il 4824 319.1-301 2(F & F) -15
REHE 7845 2333-1873(F&F) -3
RS 5488 6163-556.1(F&T) -3
FARFAH 7909 BLI-I8SI(EET) -13
LM 5.4 6323511 (FEF) =35
B3 5480 646.3-386.2(F&F) -37
LS 5758 2552 119.0(Fi &) 2
TR 773 821.0-35L0( ) 7y
Bl 5492 3009-283.9(FF) 34
HEH 4798 470-0550(5 5 F) 2
fil it 3949 6331301005 F) 2
RATR 3.092 168.9-125.0(Fi & F) 18

2.1.2 WM

(1) KT HEE 0 T VAR ) < S 288 PR LA D e AR A
PIBR UR 2 SeBil R SR B IR B 2 Sk, 2 Skl H R
FH R AR H ST R BT ERN E
AAd a0 HE T 10 mL A R 0 RS B
(T3 20 W32 80 kHz, T [a] )i fi, 2 45 A5 kR 12 Fh
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A3 B A e EE 3 ) R 454.00 ., 556.00, 357.00 ., 533.00
112.00., 160.00., 439.00 ., 526.00, 472.00., 416.00, 501.00
501.00 pg/mL 19 5L —XJ S 2 W . 0 Tl RS %%
R A B X A RO B, B TR — 10 mL A i
R i 809% F W AE 2%, A5 1k 12 Ffr jli 43 i 2 vk 5 4%
51 A 4 540.00. 5 560.00., 357.00. 5 330.00. 44.80. 80.00.
4 390.00.,105 200.00.5 192.00.4 160.00,501.00.5 010.00
ng/mL PR XT IR, T 4 °CIR A7

(2) A3t VA T 1 T 8 - BRUHL P b =R AL, RS Lot
i, FREZY 0.5 g, B T 50 mL H#EFZ I, i 80% HI % 5
mL, FRE B A AL B 20 min, B HI E IR, F 80%
PRSI A2 DR 1) T 3, 520, T 809% HIY A ¢ 100 %
2£0.22 pm NIRRT, RV I, T 4 °CIR AT o
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2.1.4 ZMERFRHLE

KR HC2.1.2(1) "I R IRA X RS 0.01,0.1
0.2.0.4.0.8.1 mL, 73 %% T 1 mL &=, 71 80% H
B 5E 7%, 15 RGN A% A, #2211 T 24k
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China Pharmacy 2026 Vol. 37 No. 19 < 2511 -



R2 LRMESHEEFESLEER

i EEpig: r I (ngimL)
YU R F=9.86X 10°+2.06X 10° 09999 45.400~4 540000
KB Y=5.23X10°K+5.76 X 10° 09992 55.600~5 560000
RO =585 X 10X 493X 10° 09995 3.570~357.000
FAAFNE Y=329X 10°+5.78 X 10° 09990 53.300~5 330000
KM Y=212X10°Y 9,36 X 10° 09998 0448~44.800
B3 Y=657X10°4+941X10° 09996 0.800~80.000
% Y=5.50X10°%+2.85X 10° 09991 43.900~4 390.000
TER =068 X 102X —4,63X 10¢ 09998 1.052.000~105 200,000
Elem T=0.79X 104999 X 1(° 0997 51.920~5 192000
H Y=6.84X 1024210 X 10° 09996 41.600~4 160.000
fil i F=L0TX 10X 249X 10° 09999 5.010~501.000
BETH =8 40X 102X —8.43X 10° 09998 50.100~5 010.000

2.1.5 KEH IR

B“2.1.47 TR AR A6 B A i (DA DU R
B NR K SR 25 EUR T R B 2 S il L 25 3k
HHRR CHRER AR H R AR R IR
R BE 4 2R 908.0 .1 112.0.71.4.1 066.0.8.96.16.0 .,
878.0.21 040.0.1 038.4.832.0,100.2.1 002.0 ng/mL) , %
“2.1 1T SR SEHERE 6 K, IC SR I AR, S5 R TUR,
U0 A DU Pt 55 12 s 43 06 1 AR RSD 43 51 R 2.24%
1.32%. 1.88%. 2.61%. 2.45% . 2.66%. 2.46%. 2.12%.
1.14% . 2.61% . 2.05% . 1.93% (n="6) , 3¢ W {X &% K5 % J&
[EY/5o8
2.1.6  FRE kAL

Be2.1.2(2) "W B A (a5 S4) , 73l T
IR R 0.2.4.8.12.18.24 h I H5“2.1.17 30 F 4433
FECSRIETA . S50 R, UUE DUBESE 12 Fhosk 2w 1
FHHY RSD 43 91 Ky 1.58% . 2.69% . 2.09% . 2.57% . 2.69% .
2.45% . 2.05% . 2.82% . 2.59% . 2.62% . 1.23% . 2.02% (n=
7)), WAL A T = IR S 24 h NERENE R 4T
2.1.7 EEMIALE

HURE (S5 S4)290.5 g, 3L 6 £, 43 ild%<2.1.2(2)”
T 7 il A A AR 2. 11 IR AR R L il
SRV TABRIFAR S M A B A B i, 45 2R R, Ui I
fist 25 12 B 4 & i A9 RSD 43 31 4 0.75% ., 0.91%
2.33%. 1.11%. 2.64%. 2.03%. 1.47%. 2.20%. 1.37%.
1.76% .2.78% .1.08%(n=06) , &I 7L EHE R 4.
2.1.8 AR

KRR NS B (G5 S4) , 2L 6 007, B0y
290.25 g, 43 ildEe 101 B e in AR A %) BEGH  R 1
mL[HC“2.1.2 (1) "IN YRS S 5 S 2 Skl
FORRACRR H S R B 5T 4% B A S B A TS
L, BT 10 mL &SR, [FRFE R 2 s i AT
0P 1.81 mg AR FFE N TR 1.94 mg. 25 & AT N Tk
2.27 mg, H M2 8.11 mg % & F R 4.61 mg], % “2.1.2
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(2) 7 TN J7 3 il A B S VA VR, 45 2.1 T A sk
BE 0 S T AU R INEE R . 25 R Eon, DA
P45 12 B0 B -2 [N o 97.769%~102.41% ,
RSD 4 0.38%~1.89%(n="6) , F¢WA )5 i iR B RLAT-
2.1.9  FLnpt =AU I

WIS HEAE S, 43 45 2.1.2(2) " 35 R 7 i il 45 kit
AV, T 2.1 IR SR 10 s e TR AR T AR 44 el
EJr B B BRHERE AT E 3 U, O

AR W3,

x3 18HMERP R2MESEENEL R (n=3,pg/g)
gy UEORREURORAKES b pem owmopay O
W OAE A AR i

SI 694382 653.052 77420 696585 10.863 3753 110469 2360.882  73.699 419.681 10.142 1102.863
S2 503841 821.805 48987 963.683 10.743 5.655 243.563 2419.610 52867 156307 10.866 1235931
S3 542992 837.800 50.601 1042958 10.996 5.747 124213 2603.588  58.695 376.142 14376 1454506
S4 632616 73781 74072 851345 32.239 13.951 219.019 3402.644  536.822 245.581 95.948 1856.009
S5 497282 797428 71510 §93.678 15.887 4281 119.288 2750.284 183905 375387 55465 1909.511
S6 357825 865.853 99.857 612174 15619 4484 104.137 3572731 513.274 490954 123.633 1807.160
ST 118812 779329 22.831 1163.834 3.107 0953 205.827 2231268 3721.518 442.775 475722 482639
S8 104331 1085.075 42142 1417179 4886 5.070 138.828 2851.975 4730.010 340.516 357999 4 746.080
SO 122016 940323 34908 1223932 3830 6391 316.466 2401.697 4990450 346.730 425.233 3971467
SI0 293.556  883.321 130.980 991434 16.482 10.868 652.239 5385.807 637.073 565.029 78967 2070718
11253074 652217 29234 945.153 3201 1.327 419.579 4431.800 520.880 883.180 70.676 1820.759
12 489.130  834.140 126,625 984.277 16.055 10451 465471 3540.173 603353 440291 64.059 2043870
13470880 909.882 25386 1090.960 5.649 10.060 218.102 2962.179 436725 419.775 99.087 1985.902
S14 585228 720500 23510 896.783 3381 2775 65.552 3028922 499.943 603.391 249724 1979465
|
|
|
|

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 1.093 2466 131744 2465811 1039343 519217 297.638 2262905
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2.2.2  ERSOHT

DA L8 AR il v 12 Bl sl o0 - 2 5 o A8 o, SR
SIMCA14. 1 3 A 47 76 Wi B e =X 9 32 1584343 Br (princi-
pal component analysis, PCA) , PCAZ5 3 (& 3) B/~ , A
I FAEG (5 S1~S6) \C ) ZKHFES (45 S10~S12) |
D) FEEES (45 S13~S15) H—35, BT HEEM (4 5
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3 SER
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s s
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= . i s
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2.2.3  IEA/ N aerk-H ST

DL I8 LA it v 12 il o i) ~F- 2 5 AR o, SR
SIMCA 14.1 B #E 47 1E 52 I #e /= 3fe i - 1 51 73 B
(orthogonal partial least squares discriminant analysis,
OPLS-DA) , 25 %L i 7k, OPLS-DA #5784 (1 R°X 7 0.868
R'Y}0.704, 04 0.604, B KT 0.5, RUIEAE Al 4T
HEATREGFRIFRIAGE ST o R B7 IR G XA sy
HEATBEHLHES 200 YCE A4S 5, 45 R W, B A5 AR
W O TER ZF I H O A BIHZ S Y iR EE A
—0.592(<<0) , RMIFAFEE H AR5 . OPLS-DATE
S (B AA) B, ISR 0 A PIZE ,  E 1 5 CA |
PCA G5 —%, DIAS i 8 LA (variable importance
inprojection, VIP){E > 1 S An#E", i 16 52 Ml 4 i 5 2 1Y)
ZE bR, AR (4B ) SR B 2 Sk H B
HBRAERR S Sm  H R DU R KB TR A
SRTF MR VIP(E>1,
2.3 FL+=RRARVRFE S ST

L 18 HtLAE fly v 12 b e o0 B8 2 35 O g AR 4
DA R o B B8 23 S A5 R 2 bR 4 R
A SPSSAU & 2k 43 #1 °F 5 (https://spssau. com/index.
html) , $% 2 8: 2 FLPKE 18 AL & BEHL 73 Ry DI 2R 4R (14
) FM AL (44 ) | FFXF 12 Fofo ki o3 14 °F- 25 5 1 B 40
T —ARAb 3, 53 5 KG EE BEAL AR A (random forest, RF) |
1% vit; B AL A4 (extremely randomized trees, ET ) K 4 i A4
J 2T} (extreme gradient boosting , XGBoost ) flL# 27 ~J 15
R R 2 CEAE DAL 3 A (AR e M. SR
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4 18#t#ESMAT OPLS-DA
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