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Abstract: Traditional Chinese medicine (TCM), both a longstanding medical practice in Asia and an
increasingly utilized supplement or alternative medicine in Western countries, has become a focal
point within the life sciences in recent years. TCM formulations represent a cornerstone of treatment,
with their chemical composition serving as the fundamental basis for their pharmacological effects.

However, the intricate nature of chemical composition, low abundance of various constituents, and
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presence of numerous isomeric compounds, alongside interactions among different medicinal
substances, render the effective separation and identification of the components in TCM herbs
challenging by using traditional analytical methods. In this study, an analytical method of ultra-high-
performance liquid chromatography-quadrupole/Orbitrap high-resolution mass spectrometry
(UHPLC-Q/Orbitrap HRMS) was developed for identifying the chemical components in the
traditional Chinese medicine formula of Jiuwei decoction. The sample pretreatment method involved
ultrasonic/microwave-assisted extraction, ensuring comprehensive extraction of the active
components in Jiuwei decoction. Parameters of this extraction included a microwave power at 300 W,
ultrasonic power at 340 W, temperature at 45 °C, and an extraction duration of 30 min. Subsequent to
extraction, chromatographic separation was achieved using a Waters ACQUITY UPLC BEH C18
column (150 mmx2.1 mm, 1.7 um) at 30 °C, with an injection volume of 2 pL per run. The mobile
phase consisted of water with 0.1% formic acid (A) and acetonitrile (B) at a flow rate of
0.3 mL/min. Before entering the quadrupole/Orbitrap high-resolution mass spectrometer for detection,
samples underwent ionization under both positive and negative ion modes. Data acquisition was then
conducted in full MS scan/data-dependent MS/MS scan (Full MS/dd-MS?) acquisition mode.
Following data collection, chromatographic peak alignment and extraction were performed using the
Xcalibur 4.1 software. Accurate mass information of precursor ions and fragment ions was
meticulously compared with various databases, including the Orbitrap Traditional Chinese Medicine
Library (OTCML), as well as other online databases such as TCMSP, ChemSpider, PubChem,
PubMed, and Web of Science, in addition to a self-curated database for identification purposes. A
total of 144 compounds are successfully identified, encompassing 24 flavonoids, 30 alkaloids, 12
terpenes, 23 phenylpropanoids, 26 phenols, 10 amino acids, 7 organic acids, 5 steroids, and 7 other
types of compounds. Among these compounds, alkaloids such as sinomenine, phellodendrine,
magnoflorine, isocorydine, and corydinematrine exhibit notably high contents and mass spectrometric
responses, whereas flavonoids and saponins display comparatively lower MS responses. The herbal
sources of these compounds were identified, and the fragmentation patterns of representative
compounds were thoroughly analyzed. This study provides a precise identification of the chemical
constituents in Jiuwei decoction, thus furnishing a robust scientific foundation for further exploration
into its pharmacological effects and mechanisms of action. Moreover, this study serves as an
invaluable reference for the analysis of the chemical composition of TCM formulations. Nonetheless,
it is crucial to acknowledge the inherent limitations and scopes of various analytical methods and
instruments. Therefore, in the pursuit of analyzing active components in TCMs, it is advisable to
delve deeper into separation and identification through the utilization of diverse techniques such as
nuclear magnetic resonance spectroscopy, ultraviolet/infrared spectroscopy, and capillary
electrophoresis-mass spectrometry.

Key words: Jiuwei decoction; ultrasonic/microwave-assisted extraction (UMAE); ultra-high-
performance liquid chromatography-quadrupole/Orbitrap high-resolution mass spectrometry
(UHPLC-Q/Orbitrap HRMS); fragmentation pathway
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Fig. 1 Total ion current chromatograms of Jiuwei decoction under positive (a) and negative (b) ion modes
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Table 1 Chemical components identified in Jiuwei decoction under positive ion mode
AR F Precursor ion
R " WA T
P il Lo s ORI ; ety KM M
)& AR - ’ Mass ragment 10n
No. &/ . Theoretical Experimental (m2) Compound Category TCM
min Identity Formula accuracy/
mass (m/z) mass (m/z) <106
1 1.14 [M+H]" C,H,0, 375.1286  375.1276 -2.52 91.0549, 121.0728, MAZEMH HRMZE Gz
177.0916
2 1.19 [M+H]" CH_;NO, 132.1019  132.1021 1.07 69.0707,73.0290, L-=&EfR &  DFP
86.0970, 132.1019 ik NX
DZ
3122 [M+H] CHO;  127.0390  127.0392 1.51 53.0395,81.0342, AP = HAhZk CSL
109.0288, 127.0393
4 126 [M+Na]" C,H,0, 3651054  365.1054 -0.23 97.0288, 185.0419, T ZH NX
203.0552
5 137 [M+H]" CyH,;NO, 166.0863  166.0863 0.45 79.0549,93.0704, L-ANEIR HAE  QNJ
103.0546, 120.0810, Bk NX
149.0232 DZ
6 141  [M+H]" C,H;N;O, 268.1040  268.1041 0.13 55.0188, 57.0707, PRt B2 QNJ
69.0343, 85.0286,
119.0357, 136.0618
7 367 [M+H]" CyuH; 0,5 6252130  625.2096 —4.97 91.0549, 121.0728, HEAELHT —&S# HFT
177.0916 P2t
8 479 [M+H]' C,HO,  181.0495  181.0496 0.37 117.0337,135.0440  WhMERR APl QNJ
%%  DFP
9 479  [M+H]' CHO;  163.0390  163.0390 0.01 77.0393, 95.0496, 7%k #5  DFP
107.0495, 108.0527, AU e
119.0487, 135.0440,
163.0388, 164.0431
10 481 [M+H]"  C,H, O, 355.1024  355.1021 —0.61 89.0388,117.0337, [R&HER fi#AIK DZ
135.0440, 145.0283, [ESS

163.0388, 164.0420
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R {ABF Precursor ion
o W T
¥ B \ A SEHIE R R§ BE F‘ . &Y =371/ 257 )
) ATt i » Mass ragment 1on
No. &/ . Theoretical Experimental (ml2) Compound Category TCM
min Identity Formula accuracy/
mass (m/z) mass (m/z) <10
11 554  [M+H]' CeH,0, 169.0495  169.0496 0.21 93.0578,111.0080,  FFH[iE  ZHFE DFP
125.0597, 151.0755 QFT
NX
12 558 [M+H]" C,H,NO, 286.1438  286.1437 —0.43 69.0706, 84.0813, I URIEZ HFT
103.0546, 112.0763,
115.0544, 135.0440,
143.0491, 171.0438,
201.0543, 286.1432
13 580  [M+H] CisH O 291.0863  291.0861 —-0.86 123.0441,139.0391, FILZFHE  #h NX
147.0429, 291.1563 FEd QFT
CSL
14 599 M1 CyH,NO, 3421700  342.1697 079 237.0908, 265.0854, K% M QNJ
282.0883,297.1111, 16T eSS
342.1693
15 636  [M+H]" C,H, O,N 340.1543  340.1541 -0.64 149.0597, 174.0685, WUE/NEERE 5+ DZ
325.1341 e
16 642 [M+H]"  C,HO;  177.0546  177.0546 —0.05 78.0470,91.0547, 7-H4&EME &HFE  DFP
118.0369, 121.1012,  H% ESS
134.0361, 177.0544
17 691  [M+H]' CHyO;  153.0546  153.0546 -0.06 110.0362, 125.0598 2-353k-4-H  fij#% DFP
AR RS
18 730  [M+H]"  CH,,0, 183.0652  183.0653 0.31 95.0496, 123.0441, 3,5-"HIHA BAEIZE  NX
140.0467, 155.0701, FE-4-FF KK
183.0650 PR
19 748 [M+H]' C,H,NO, 356.1856  356.1854 -0.75 313.4695,191.0845 AENUEE. S QNJ
=) i
20 752  [M+H]"  C,H,0, 195.0652  195.0651 -0.41 177.0545,149.0596,  BiI&RER  faisik  NX
134.0362 WEE QNJ
WIP
21 758  [M+H]'  C,H,O, 4813160 4813158 045 4452937,371.2212, WijiE  EikR QNI
165.1272 e
22 791  [M+H]" C,H,0,, 517.1341  517.1340 -0.03 117.0337, 135.0440, F&HERA ZEZ:  DFP
145.0284, 163.0389,
164.0423, 319.0819,
499.1194
23 791  [M+H]" C;sH,,0, 303.0499  303.0498 -0.31 121.2412, 149.7240,  #itz & WE NX
275.7061 Gz
WIP
DFP
24 791  [M+H]"  CyxH,O, 517.1341  517.1340 -0.03  499.1194,337.0911, SELRJFEMRC Z£WJE QFT
319.0819, 163.0389,
145.0284, 136.0475,
135.0440
25 833  [M+H]"  CiH,0, 287.0550  287.0548 -0.91 153.6814 LI 2By WwE NX
Gz
26 838  [M+H]” C,H,0, 209.0808  209.0809 0.08 145.0284, 177.0545 FiIERMRH Ee  WBRJS  HFT
27 846  [M+H]"  CH,O, 189.1121  189.1120 0.31 83.0862 FM ZWEE QNI
28 8.62  [M+H]"  C,H,O, 3751438  375.1436 -0.57  105.0702,107.0496, HuispiiHz MifizZt DFP
161.0593
29 883  [M+H]"  CsHgO, 10315421 1031.5416  —0.50 85.0290,253.1949  fhJFEEH kR CSL
B Ak
30 897  [M+H] CHgO,  149.0597  149.0598 0.39 93.0340, 103.0546 WERR iR NX
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R {AES T Precursor ion
o W T
e T o omin s DR ety - 25
UHE é}%ft - ’ Mass ragment 10n
No. tl{/ . Theoretical Experimental (ml2) Compound Category TCM
min Identity Formula accuracy/
mass (m/z) mass (m/z) <10
31 9.02  [M+H] CHO,  147.0441  147.0441 0.05 91.0548, 95.0490, FHE HH NX
103.0546, 119.0494, EE
147.0440
32 9.03 [M+H]" C,H,NO,” 352.1543  352.1542 —0.44 312.3983 TR S QNJ
WA
33 911  [M+H]" CuHNO,” 3361230  336.1228 —0.68  321.0980,320.0914,  /NEERS i QNJ
306.0762, 292.0979, It
278.0822
34 926  [M+H]"  CyuHyO,  395.1101  395.1100 -0.26 358.8203 FRELLIET  2EI2E WIP
35 973 [M+H]"  CyHyO,,  579.1497  579.1495 -0.39 123.0438, 127.0393, JRIEHEB2 Wi NX
579.2206 fli%s  DFP
36 1047  [M+H] C,H,O 133.0648  133.0649 0.56 55.0187, 91.0548, REERE iR CSL
105.0701, 133.0648, ESS
134.0681
37 1130  [M+H]"  CyuH,O;  315.1955  315.1954 —-0.31  131.0804, 133.1011, WMiMEE A  —@#Ek Gz
145.0641, 297.1851,
315.1951
38 11.66 [M+H]"  C,H,,0, 257.0808  257.0806 -0.95 81.0705,91.0547, HHFEX AR  NX
119.0858, 147.1167 [IEES
39 1234 [M+H]"  CH,0, 167.0703  167.0703 0.16 168.0734, 167.0702, A 2[R §X  HFT
139.0752, 121.0647,
95.0498, 77.0393
40 1234 [M+H]'  GH,0, 167.0703  167.0703 0.16 77.0393, 91.0547, FHER Y GZ
121.0653, 125.0714,
149.0597, 167.0702
41 1247 [M+H]'  CpH,O, 387.1802  387.1798 —-1.14  151.0386,191.0703,  FJEE A QNJ
203.0709, 357.1343 EE
42 1323 [M+H] C,H,0, 123.0441  123.0443 1.55 79.0158, 81.0705, AR EH.  HFT
95.8603, 105.0337 [i7ES
43 1344 [M+H]" C,H,O; 179.0703  179.0700 —0.19  179.0703,161.0708,  FUBiEE  fiHE  QNJ
147.0440, 133.0649, [E$S
123.0442, 119.0493,
105.0703, 91.0548,
79.0549
44 1347  [M+H]' C,H»0,  339.1591  339.1590 -0.28 103.0542,31.0493  fhFH#HZE FE  QFT
45 1356  [M+H]"  C,HxO,  401.1959  401.1957 -0.48 316.7306 AwTFoE  KIE  QFT
46 13.92 [M+H]"  C,H,0, 4153207 4153204 -0.57  415.3205,271.2052, EHREE kg wip
253.1948, 157.1010, B
159.1167, 147.1169,
133.1011
47 1508 [M+H]"  CiH,O  219.1743  219.1743 -0.18 67.0551, 81.0705, K 5k NX
93.0706, 111.0808, %k Dz
135.0803, 149.0960,
163.1121, 201.1647
48 1873  [M+H]"  CyHy0, 3032319  303.2318 026 109.1018,121.1013,  WAFFR iR wip
123.1168, 149.1323, [l

257.2253, 303.2301
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Table 2 Chemical components identified in Jiuwei decoction under negative ion mode
o GIiN=
H Precursor ion A .
5 T e plOT A g A
No. t/ H)g At M:_ 7&{_}‘ MEARZ g Compound Category TCM
: . Theoretical Experimental Mass accuracy/ (m/z)
min  Jdentity Formula 6
mass (m/z)  mass (m/z) x10
1 122 [MCI]T C,H,0, 377.0856 377.0855 -0.18 73.6701 #AvE ZHEE Dz
2 125 [M-H] CH,0s  191.0561 191.0553 —4.01 109.0276, 127.0023, FEUREEZ AHHL  QNJ
173.0082 B Gz
3 142  [M-HJ CH0,  191.0197 191.0190 —4.00 57.0332,85.0281,  friER AWl QNJ
87.0074, 111.0075, [izes
173.0086, 191.0190
4 390 [M-H] C,H;,N,0, 203.0826  203.0821 -2.35 142.0940, 159.1017 L-fa%fR & CSL
BE  NX
5 482 [M-H  C,HO, 353.0878 353.0877 -0.29 93.0332,135.0441, pasg)Fig  fiisp2k DZ
137.0225, 161.0232, L 2
173.0447, 179.0340,
191.0553, 353.0900
6 4.84 [M—COOH] CjH,0, 351.0722  351.0721 -0.13 137.0238,179.0339 (-)-FK¥E #h QFT
FILER s
7 5.13 [M—COOH]  C,H,,0,  239.0561 239.0560 —0.46 59.0123,106.0413, SFBI#RRR fiAK QFT
133.0647 WEAE
8 551 [M-H] C,H0,  179.0350 179.0340 -3.79 79.0538,91.0537,  ujnkEE  AHL QNI
107.0489, 117.0334, 5%  DFP
134.0362, 135.0440
9 582 [M-H] CsH, 06 289.0718  289.0719 0.59 109.0282, 125.0231, FILZKEZE #k NX
245.0799, 289.0722 fEds QFT
CSL
10 588 [M-H] C,H,NO, 326.1398 326.1400 0.53 326.1392,312.1191,  JRE  HM QNJ
311.1162, 296.0924, W
268.0990
11 626 [M—COOH] C,H,0, 727.2455 727.2462 0.91 357.1334,519.1914 WAREE M Kl QNJ
EWEY  ZEJ  DFP
12 656 [M-H]  C;H Oy 325.0929 325.0931 0.67 163.0391,325.0945  FEMEE 5 NX
1S
13 7.2 [M-H]  C/H,NO, 164.0717 164.0709 —4.83 72.0077, 147.0441, LOKNEER 2 QNJ
164.0710 [izEs
14 740 [M-H] C,HO; 161.0244 161.0236 -4.96 161.0234,162.0177, 723%&S  #FE  DFP
133.0285, 117.0335, 2 2%
105.2984
15 7.60 [M=COOH] C,H,O, 5253069  525.3069 -0.05 479.3006,159.1018 Wiz E Sk E QNI
T
16 7.69 [M-H]T  C;H,0, 303.0510  303.0512 0.49 125.0233,285.0401 &Sz E i  QNJ
17 792 [M-H] CyH,0, 5151195  515.1193 -0.46 135.0441, 161.0231, SLRFRRA £HJ DFP
173.0447, 179.0343,
191.0553, 353.0874
18 811 [M-H]  CH,0; 165.0557 165.0549 -4.96 92.0210,93.0332,  EIEZME  FRK  HFT
137.0233
19 835 [M-H] CyHy0,  563.1406  563.1411 0.75 506.8265, 383.0758, RE MG EEN  QFT
353.0678, 297.0750 [(E2S
20 838 [M-H] CoH,00;  177.0557  177.0549 —4.45 134.0360, 162.0312,  BaIEfE @i QNJ
163.0347, 177.0549 [BEES
21 840 [M-H]  C,H,0s; 283.0612 283.0613 0.50 101.1029, 107.0062, XE{%AZHE #HEIZE CSL
115.2519, 139.6720,
267.6633
22 845 [M-H] CH,:0,  187.0976 187.0968 —4.08 57.0331,95.0491, T % QNJ

97.0645, 123.0806,
125.0960, 126.0994,
187.0968
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No. t/ HJE T 1b' *{%‘ PR B g Compound Category TCM
: . Theoretical Experimental Mass accuracy/ (m/z)
min Identity Formula 6
mass (m/z)  mass (m/z) x10
23 879 [M-HJ CH,0,  181.0506 181.0499 -4.05 166.0258 FHERFNE A2 HFT
24 8.82 [M—COOH] C5HgO, 1093.5436  1093.5431 —0.49 101.0230 JREFR AT SRS QNI
Pk
25 930 [M-H]  C;sHyO, 263.1289 263.1290 0.45 135.0803, 139.0754, (H-liv&iz f5F  NX
152.0833, 151.0753, [ES
201.1277,219.1384
26 9.68 [M-H] CyH;s0s  337.1082  337.1084 0.83 115.3941 EWEEE ZHE WP
WE
27 971 [M-H] CH,Os  299.0925  299.0925 -0.11 119.0491, 135.0073, #LEEZE —&A¥E QNJ
151.0390, 281.0456 JiEES
28 973 [M-H]T CyH,O,, 577.1352  577.1351 -0.03 163.0387 JFAEHFE  WE  NX
B1 Fiis
29 11.68 [M-H]T  CiH,,0, 255.0663  255.0663 0.20 107.0126, 136.0162 S H®EZE #H/K NX
JIEES
30 1217 [M-H]  C,H,O, 313.0718 313.0720 0.74 298.0481, 283.0246, MigEfukE I QNI
255.0298, 223.0412,
106.7730
31 1332 [M-H]  CiH,0s 269.0456  269.0455 -0.07 52.9929,71.0489,  #XEE  EEIEE NX
225.2230 WIP
32 1736 [M-H]T  CyHy0, 2772173 2772173 -0.16 205.1590,277.1456  o-WHEER  AHL  QNJ
[#3  HFT
33 18.14 [M-H]T  C,Hy0, 301.2170  301.2171 -0.56 301.2172 W f5E WP
[ES

T NXHFRA 1 CSLAER S 1Lk GZAFAEAL; DZAFE M M QFTHZTT MUtk; HF TR KUE; DFPARAEHLIE; QNI T4 WIPHIE

w1113

WP R, 7B AR, AT S
I m/z 563.140 6[M-H] ", {4 B4 iF 3] 4 8.35 min,
W7 H 93 7 500 CogHpsOp0 — BT 181 1
W m/z 383.075 8]M—H-C;H,,05] . 353.067 8{]M—H-
C,;H,,04] F1297.075 0[M—H-C¢H,,0s—H,0-2CO]"
SRR B, R as R T’ 2, 530kt
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A DL B T m/z 342.169 3[MT, (53 4R
BA IFR] 2 5.99 min, #EWT L5 1 C0H,NO,
KL A NH(CH,), 589, i3 7= 4 mi/z
297.111 1[M-NH(CH,),]". 282.088 3[M—NH(CH;),~
CH,]". 265.085 8{]M—NH(CH,),~CH,O] % %} 1iF it
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Fig.2 MS/MS spectrum (a) and proposed fragmentation pathways (b)
of isoschaftoside under negative ion mode
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Fig.3 MS/MS spectrum (a) and proposed fragmentation pathways (b)

of magnoflorine under positive ion mode
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Fig. 4 MS/MS spectrum (a) and proposed fragmentation pathways (b)
of nootkatone under positive ion mode
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Fig.5 MS/MS spectrum (a) and proposed fragmentation pathways (b)

of cryptochlorogenic acid under positive ion mode
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Fig. 6 MS/MS spectrum (a) and proposed fragmentation pathways (b)
of paeonol under positive ion mode
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