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Study on quantitative value transfer pattern in preparation process of Wutou
Decoction based on multi-component quantification by UHPLC-ESI-MS/MS

LIU Yizhe, TAO Chujun, MA Han, QIU Feng
School of Traditional Chinese Medicine, Capital Medical University, Beijing 100069, China

Abstract: Objective Based on the UHPLC-ESI-MS/MS multi-component quantitative technology, this study systematically investigates
the dynamic changes of chemical components during the preparation of Wutou Decoction (%:ki%), elucidates its quantitative transfer
characteristics, and provides a scientific basis for optimizing the preparation process. Methods The analysis was performed using a Waters
Acquity UPLC HSS T3 column (100 mm x 2.1 mm, 1.8 pm) with a gradient elution of 0.1% formic acid aqueous solution and 0.1% formic
acid acetonitrile solution as the mobile phase. Coupled with a triple quadrupole mass spectrometer detector, a quantitative analytical method
was established for the simultaneous determination of 29 chemical components in Wutou Decoction. Method validation was also
conducted. Based on this method, the dynamic changes of chemical components were monitored across different stages of the modern
preparation process of Wutou Decoction. Quantitative transfer analysis was applied to optimize key process parameters. Results The
established UHPLC-ESI-MS/MS method complied with the relevant requirements of the Chinese Pharmacopoeia. The RSD values of
most of the 29 components in the method validation tests were less than 10.0%. Quantitative transfer analysis revealed that pre-decoction
of Zhichuanwu (Aconiti Radix Cocta) for 90 min the content of diester-diterpenoid alkaloids continues to decrease, effectively controlling
the total amount of three diester-diterpenoid alkaloids aconitine, hypaconitine, and mesaconitine. Meanwhile, subsequent combined

decoction for 60 min significantly enhanced the dissolution of monoester-diterpenoid alkaloids and flavonoids. In the second round of
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decoction, a 30 min boiling time is sufficient to achieve the maximum dissolution rate for all these chemical components. The preparation
process was optimized as follows: Aconiti Radix Cocta was firstly heated for 90 min, then Mahuang (Ephedrae Herba), Baishao (Paeoniae
Radix Alba), Huangqi (4Astragali Radix) and Zhigancao (Glycyrrhizae Radix et Rhizoma Praeparata cum Melle) were mixed with this
Aconiti Radix Cocta solution and further heated for 60 min. After filtration through the gauze, the decocted aqueous solution was collected.
The filtered residue was heated for another 30 min. Two decocted aqueous solution was mixed and this was the final Wutou Decoction.
Validation tests across nine batches showed that most of the chemical components had the RSD < 20%, while seven trace or heat-sensitive
components had RSD < 30.5%, confirming the robustness and controllability of the optimized process. Conclusion This study
systematically elucidated the quantitative transfer patterns during the preparation of Wutou Decoction using UHPLC-ESI-MS/MS multi-
component quantitative analysis, and further optimized the key process parameters based on these findings. The established preparation
method effectively controls the content of toxic constituents while ensuring sufficient extraction of bioactive components, thereby laying
a solid foundation for the safe and effective clinical application of Wutou Decoction.
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A, B-chromatogram of mixed standard solution in positive, negative ion mode; C, D-chromatogram of Wutou Decoction sample solution in positive,

negative ion mode; 1-ephedrine; 2-pseudoephedrine; 3-mesaconine; 4-aconine; 5-songorine; 6-hypaconine; 7-talatisamine; 8-calycosin 7-O-glucoside; 9-

benzoylmesaconine; 10-benzoylaconine; 11-ononin; 12-benzoylhypacoitine; 13-mesaconitine; 14-astragaloside IV; 15-hypaconitine; 16-aconitine; 17-

calycosin; 18-deoxyaconitine; +IS-buspirone; 19-oxypaeoniflorin; 20-albiflorin; 21-paeoniflorin; 22-liquiritin apioside; 23-vitexin; 24-liquiritin; 25-

isoliquiritin apioside; 26-benzoylpaeoniflorin; 27-liquiritigenin; 28-glycyrrhizic acid; 29-formononetin; —IS-phenytoin.

El 1 XA UHPLC-ESI-MS/MS EEEMESKATAE 29 MMSHRRMREREIEE
Fig.1 Typical chromatograms for quantitative determination of 29 components in Wutou Decoction using UHPLC-ESI-MS/MS
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%3 3% UHPLC-ESI-MS/MS AZEEME 275 29 L ZR &K MEREYASE. HXRE. LMSEE. &NRAE
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Table 3 Results of calibration curves, correlation coefficients, linear ranges, LODs and LOQs for the quantitative
determination of 29 components in Wutou Decoction using UHPLC-ESI-MS/MS

Ry [B] )55 #2 r LMV Fl/(ngmL ™) AR /(pgmL™")  EER/(pgmL™)
5 3Lk Y=5.05X103X+7.43X10°¢ 0.9990  0.001~1.000 0.50 1.00
R S Y=2.59X103 X+6.62X10° 0.9993  0.001~1.000 0.50 1.00
B 3L Y=743X1023X—595X10°¢ 0.9997  0.001~1.000 0.50 1.00
it 4 ST Y=4.64X103 X+1.79X10° 0.9978  0.001~1.000 0.50 1.00
25 R % 3k S Y=2.89X10*X+1.32X10° 0.9993  0.005~5.000 2.50 5.00
2R R IR 3K R Y=5.22X103X+2.10X105 0.9993  0.002~2.000 1.00 2.00
2 FR R HT 3K D Ak Y=1.53X103 X+2.68X105 0.9992  0.002~2.000 1.00 2.00
5 Sk 5 Y=351X104X—5.63X10° 0.9992  0.005~5.000 2.50 5.00
IR Sk 5, Y=3.49X103 X+1.49%X105 0.9987  0.001~1.000 0.50 1.00
B Sk R Y=3.83X104X+2.54X10° 0.9991  0.005~5.000 2.50 5.00
THENES 7K 2 S Y=7.53X104X+127X106 09990  0.005~5.000 2.50 5.00
TR BE R Y=134X1023X+1.03X10° 0.9997  0.001~1.000 0.50 1.00
R BT Y=727X104X—1.67X10% 0.9962  0.500~500.000 250.00 500.00
£ RS Y=9.49X104X—2.29X10* 0.9978  0.500~500.000 250.00 500.00
& Y=0.026 5 X+1.22X1073 0.9995  0.200~200.000 100.00 200.00
SEoR=3 Y=124X103X+3.07X10% 09985  1.000~1 000.000 500.00 1 000.00
A E N g Y=440X103X+1.70X10° 0.9990  1.000~1 000.000 500.00 1 000.00
K BRATZ Y=1.50X10*X+2.58X10* 09972  5.000~5 000.000 2500.00 5000.00
ANATET Y=438X103 X+3.06X10° 09995  0.500~500.000 250.00 500.00
FEREH A Y=7.62X103 X4+9.26X10° 0.9990  0.500~500.000 250.00 500.00
FrE R H R Y=432X103X—142X103 0.9993  0.500~500.000 250.00 500.00
S Y=0.019 3 X+1.28 X107 0.9993  0.200~200.000 100.00 200.00
HEER Y=6.14X103 X+7.09X10* 0.9993  0.200~200.000 100.00 200.00
HER Y=291X103 X+1.13X10° 0.9950  0.500~500.000 250.00 500.00
I Y=1.45X10°5X—3.42X10° 0.9963  5.000~5 000.000 2500.00 5000.00
TEARIE R Y=0.048 5 X+1.88X 1073 0.9993  0.020~20.000 6.67 20.00
TR Y=7.50X10%X+1.76X10° 0.9975  0.005~5.000 2.50 5.00
B 7 T Y=147X103 X+8.60X105 0.9994  0.002~2.000 1.00 2.00
BT HIA AR Y=8.54X104 X+3.66X10° 0.9990  0.050~50.000 25.00 50.00

&4 XM UHPLC-ESI-MS/MS ZEEMESLZF 29 MUERIHBERE. EHE. REM. EEMMEWRERER
Table 4 Results of precision, accuracy, stability, repeatability and recovery for quantitative determination of 29 components
in Wutou Decoction using UHPLC-ESI-MS/MS

o K% % RSD/%  RSD/% SR I i W K% % RSD/%  RSD/% SR i

HA  Hin &uglt 84 THIE/% RSD/% HAN  HIW Fret 55 FI9E/% RSD/%
535 673 610 510 510 9280 041 |AZtF 407 643 552 552 9530  3.87
K 3T 388 539 745 745 100.00  3.09 |AjZ5NEsT 6.78 873 555 555 100.00 1.67
3L 309 480 583 583 99.10  3.39 |FKEEEATE 3.08 876 539 539 9640  3.52
it L S 516 730 743 743 101.00  1.82 |EALAIETF 6.08 533 3.66 3.66 100.00 3.67
EHEBE AR 389 3.66 844 844 9870  0.52 |frmEHEAF 415 586 514 514 103.00 472
FHEERE LR 3.92 685 603 603 99.10  4.67 |FimHIy 215 561 487 487 9810 321
EEE L LR 2.65 421 734 734 102.00  3.69 |[HEYF 768 7.1 586 586 103.00 211
53 391 514 948 948 101.00 423 |[H¥EZE 485 579 873 873 9950  1.87
R 3 S, 343 571 462 462 10200 082 |[HER 441 481 956 956 9730 491
3K R 504 595 625 625 101.00  3.04 |HECHE 481 633 579 579 9980  1.90
THEPE R 2 3k B8 269 487 368 368 97.00 423 |[TfEE 541 485 485 485 103.00 3.74
BB 459 489 410 410 9940 448 |WAETE 441 500 6.3 613 10000 1.80
JBR BT, 353 932 872 872 9920 255 | 8.04 823 797 797 101.00 2.75
PR B 563 956 575 575 10100 334 |BEFEMEEHET 674 613 916 9.16 101.00  3.88
HIIE 513 555 927 927 9890  3.30
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Fig. 2 Trend chart of content changes for alkaloids in Aconiti Radix Cocta during pre-decoction process determined using
UHPLC-ESI-MS/MS method
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Fig. 3 Trend chart of content changes of alkaloids in
Aconiti Radix Cocta during the first decoction of Wutou
Decoction determined by UHPLC-ESI-MS/MS
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Table S Determined contents of 29 components in nine batches of Wutou Decoction prepared in parallel

JRE DB (ngg™)

Fdh £ 3.0 b/ eE Go[Re BAL  REBLE CREBLR REEH 23k W EEDE B Sk
L L Sk LWL SRE SRR J JE R,
1 0.212 0.313 0.550 0.195 49.300 55.000 340.000  20.700 18.200 150.000
2 0.175 0.499 0.720 0.364 50.100 52.600 386.000  21.700 20.200 163.000
3 0.190 0.498 0.463 0.228 32.700 54.000 333.000  18.500 23.600 164.000
4 0.221 0.607 0.601 0.306 35.900 68.300 346.000  20.100 27.200 164.000
5 0.137 0.528 0.723 0.253 37.500 53.800 326.000  18.800 20.000 159.000
6 0.331 0.395 0.473 0.223 59.100 50.100 387.000  26.100 18.900 183.000
7 0.238 0.309 0.540 0.382 59.500 64.000 360.000  24.000 19.600 172.000
8 0.322 0.298 0.616 0.258 45.000 46.400 375.000  23.900 20.800 189.000
9 0.162 0.342 0.683 0.269 45.500 38.400 337.000  27.800 22.200 201.000
¥IH 0.221 0.421 0.596 0.275 46.100 53.600 354.000  22.400 21.200 172.000
s 0.067 0.114 0.099 0.064 9.570 8.800 23300  3.260 2.790 16.300
RSD/%  30.50 27.10 16.50 23.10 20.80 16.40 6.57 14.60 13.20 9.51

JRE U (ngg ™)

FEd HEMR AN ERIEE AR FEREH
B ¥ 4 JBK T3 e A2
P frpte O BRTEER  OWRREEE AR ATAE R A - -

1 116.000 7.050 3700.000 4933.000 51.700 11 667.000 5 067.000 273.000 301.000 3 533.000
2 133.000 6.670 4 133.000 4 800.000 64.000 13 067.000 5467.000 411.000 325.000 3027.000
3 121.000 7.940 3996.000 4 708.000 52.900 8 125.000 4 875.000 429.000 273.000 3721.000
4 133.000 9.210 3 550.000 4 839.000 43.000 13 650.000 5453.000 285.000 306.000 3449.000
5 118.000 6.910 3 806.000 4 693.000 62.900 12314.000 4 822.000 189.000 287.000 3 496.000
6 126.000 9.800 3973.000 5022.000 55.600 16 089.000 6267.000 414.000 348.000 3 409.000
7 121.000 8.450 3400.000 3 867.000 55.000 8 500.000 3 027.000 268.000 314.000 3367.000
8 130.000 8.780 3156.000 3 &810.000 58.600 7 449.000 2 713.000 245.000 270.000 3 625.000
9 117.000 8.520 3683.000 4 044.000 56.800 7 506.000 4511.000 287.000 354.000 3 414.000
HIE 124.000 8.150 3711.000 4 524.000 55.600 10929.000 4 689.000 311.000 309.000 3 449.000
s 6.870 1.090 310.000 450.000 6.280 3136.000 1150.000 85.300 30.000 194.000
RSD/% 5.55 13.30 8.36 9.95 11.30 28.70 24.50 27.40 9.71 5.64
Y 8 (ngg™)
= PIE=N o= ol =1 =
e E;’i’; ey HEE HER NP SRR TR %ﬂ; %%‘%’ff

1 527.000 3 063.000 80.000 10 067.000 347.000 48.000 453.000 68.300 510.000

2 511.000 3 840.000 116.000 9289.000 426.000 48.400 556.000  73.800 596.000

3 654.000 4 075.000 135.000 9 958.000 492.000 55.800 521.000 83.300 563.000

4 581.000 3 582.000 115.000 9 858.000 345.000 43.300 498.000 61.000 618.000

5 577.000 3328.000 129.000 9 300.000 418.000 50.400 504.000 69.300 495.000

6 587.000 4 049.000 145.000 10 978.000 328.000 43.400 502.000 60.000 458.000

7 617.000 3900.000 114.000 9167.000 324.000 41.700 510.000  50.000 397.000

8 590.000 3901.000 167.000 10 463.000 326.000 60.700 402.000  65.400 430.000

9 607.000 5056.000 144.000 10 539.000 451.000 53.300 486.000 75.400 432.000

¥IE 583.000 3 866.000 127.000 9958.000 384.000 49.500 492.000  67.400 500.000
s 43.600  560.000  24.900 629.000  63.400 6.330 43.400 9.780 78.300
RSD/%  7.47 14.50 19.60 6.31 16.50 12.80 8.82 14.50 15.70
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