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Abstract: Rapid and accurate identification of chemical components in classical famous formulas is a crucial
aspect of their modern research. This study aimed to establish a method for the rapid identification of chemical
components in the mass spectrometry data of Xie Bai San by integrating multi-point mass defect filtering (MDF)
and molecular networking (MN) techniques, to achieve accurate and comprehensive characterization of its
constituents. The mass spectrometric data of Xie Bai San decoction was acquired using ultra-high performance
liquid chromatography coupled with quadrupole-Orbitrap tandem mass spectrometry (UHPLC-Q-Orbitrap-MS/
MS) in both positive and negative ion modes. The MDF method was employed, utilizing set multi-point mass

defect filtering windows to identify structurally similar compounds. The MN approach was applied to create a
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GNPS molecular network based on the similarity of MS/MS fragmentation patterns, and Cytoscape 3.6.1 software
was used to identify clusters of structurally similar molecules, enabling the identification of homologous
components via probe molecules. Using the aforementioned methods, combined with retention time, accurate
molecular mass, and secondary MS/MS fragmentation characteristics, and based on database and relevant literature
information, a total of 185 compounds were identified in the Xie Bai San decoction. These included 54 flavonoids,
42 alkaloids, 17 saponins, 16 stilbenes, 34 organic acids, 15 phenylpropanoids, and 7 other types of compounds.
Among these, 46 compounds were reported for the first time in the Xie Bai San formula or its constituent herbs.
This study successfully achieved the rapid, accurate, and comprehensive characterization of the chemical
components in Xie Bai San decoction. It provides a chemical component foundation for research on the
pharmacodynamic material basis and quality control of Xie Bai San compound preparations, and also offers a
methodological reference for the rapid identification of chemical components in complex traditional Chinese
medicine systems.
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Figure 2 Molecular network analysis of Xie Bai San decoction. A: Flavonoids in mulberry root bark; B: Stilbenoids in mulberry root bark;
C: Spermidine-type phenolamides in Lycium root bark; D: Putrescine-type phenolamides in Lycium root bark; E: Flavonoids in licorice; F:

Saponins in licorice
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Figure 3 Base peak chromatograms of Xie Bai San in positive ion mode (A) and negative ion mode (B)
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Table 1 Identification of chemical components in Xie Bai San decoction. “Represents potential compounds not previously reported in Xie
Bai San decoction; “Represents compounds newly identified through MDF; "Represents compounds newly identified through GNPS; S:
Mulberry Root Bark; D: Lycium Root Bark; G: Licorice; a: Flavonoids, b: Alkaloids, c: Organic acids, d: Phenylpropanoids, e: Stilbenoids, f:
Saponins, g: Others. MDF: Mass defect filtering; GNPS: Global natural products social molecular networking

. . . Observed  Error Structure .
No.  t/min Identification Formula Ion mode i Fragment Origin
(m/z) (x107°) class
1 1.12 Histamine C,H,N, [M+H]" 112.0873  3.09 95.060 8, 83.060 9, g D
68.049 2
2 1.12  1-Deoxynojirimycin CH .NO, [M+H]" 164.0918  0.46 146.081 0, 128.070 2, b S
68.049 1
3 1.15 Arginine CH N0, [M-H] 173.1044 -0.59  156.076 5, 131.081 1, c S/D/G
114.054 5
4 1.16 Valinol CH ,NO [M+H]" 104.1072 2.2 87.084 5,71.029 9, b S/G
60.081 6
54 1.24 Xylonic acid CH, 0, [M-H] 165.0391 -1.54  147.028 5,129.017 9, c S/D/G
87.007 1, 75.007 0
6 1.26 Sugar acid CH, 0, [M-H]"  209.0303 1.9 191.018 8, 133.012 8, c S/D/G
129.017 9, 85.027 8
7 1.27 Quinic acid CH,,0, [M-H] 191.056 1 0.92  173.044 3,127.038 6, c S/D
111.007 2, 85.027 8
8 1.34 Betaine C,H, NO, [M+H]’ 118.0864 097 94.365 8, 72.081 5, b S/D/G
59.073 7, 58.065 8
9 1.86 Malic acid CH.O, [M-H] 133.0131 -0.52  115.002 1, 89.022 8, c S/D/G
73.002 2
10° 1.98 Adenine C,HN; [M+H] 136.061 6 -1.61  119.035 3, 109.064 9, g S/D/G
100.274 0
11 1.99 Guanine CHN,0 [M+H]" 152.056 5 -1.42  135.033 0, 134.033 3, g S/D/G
110.0350
12 1.99 Malic acid isomer C,HO, [M-H] 133.0126 -3.53 115.002 1, 89.022 8, c S/D/G
72.991 4
13° 1.99 Dehydroascorbic acid CH.O, [M-H] 173.0092 -1.88  111.007 2, 85.028 7, c S/D/G
67.017 2
14% 2.01 2-Acetamidoacrylic acid C,H,NO, [M+H]" 130.0495 245 112.087 1, 84.044 8, c S/D/G
70.065 7
15 2.02 Citric acid CH,0, [M-H] 191.0189  1.21  173.0881,129.017 9, c S/D/G
111.007 2, 87.007 1
16 2.03 Stachydrine C.H,NO, [M+H] 1441019 -0.38  126.091 4, 98.096 8, b G
84.061 2, 70.062 5
17 2.07 Uridine C,H ,N,O, [M-H]"  243.0623 3.24  200.055 8, 152.034 0, g S/D/G
110.023 2, 82.028 3
18 2.17 Suberic acid CH, O, [M-H] 173.0819  0.46 129.0179, 111.007 2, c S/D
85.027 8, 72.991 5
19 2.17 N-Acetyl-L-glutamic acid C.H, NO, [M-H] 188.0564  1.36  170.044 8, 144.065 3, c S/D
128.033 9, 102.054 5
20 2.27 Adenosine C, H N, [M+H]"  268.1040 -1.46 206.107 8, 152.648 5, g S/D/G
136.061 7
21 2.41 J-Ribosyl-1,4-lactone C,H,O; [M-H] 147.0286 -1.5 129.018 0, 102.947 2, c S/D/G
87.007 1, 59.012 2
22 2.49 4-Hydroxyphenethylamine C,H, NO [M+H]" 138.0913 -0.66 121.0649,111.007 9, b D
93.070 3
23 2.49 Isoleucine C,H ,NO, [M+H] 132.1019 -0.04  113.963 8, 86.096 9, c D/G
69.070 5
24 2.55 Guanosine C,HNO, [M-H]"  282.0844 459 178.900 8, 152.040 8, g S/D/G
126.029 4
25 2.56 Trigonelline C,H,NO, [M+H] 138.0554  3.37  110.060 2, 94.056 3, b S/G
68.997 8
26 4.12 Cytisine C, H N0 [M+H]" 191.1178 -0.57  162.090 8, 122.060 0, b D
105.963 0
27 5.08 Protocatechuic acid 4-O- C,H 0, [M-H] 315.0725 479  152.0101, 125.256 2, c S/D/G

p-glucoside 109.027 9
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Continued
. . . Observed  Error Structure L.
No.  f/min Identification Formula Ion mode » Fragment Origin
(m/z) (x10™) class
28" 6.15 Vanillic acid 4-f-D-glucoside C,H0, [M-H]”  329.0880 1.27 167.033 8, 152.010 3, c S/D/G
123.043 7
29 6.98 Catechol CH,O, [M-H] 109.028 0 -3.62  108.020 4, 79.029 0, c S/D/G
67.029 1
30 7.02  Protocatechuic acid CHO, [M-H] 153.0193 -1.08 135.0441,109.028 0, c S/D/G
91.0173
31t 7.29 Daphneside C,H,0, [M-H]” 501.1255 3.33  381.0827,219.029 3, d S/G
191.034 1
32 7.64 Caffeoylputrescine C,H N0, [M+H]"  251.1390 -0.56  234.111 7, 163.038 6, b D
145.028 1, 89.107 7
33 7.95 Syringic acid glucoside C.H,0, [M-H]"  359.0990 4.73 197.044 8, 182.022 1, c D
138.030 9
347 8.57 Mulberroside A+Glc C,H,0,, [M-H]" 7752313  2.13  729.2253,567.172 0, e S
405.119 1, 243.009 0
35 8.59 Oxyresveratrol-6-O-D-glucopy-  C,,H,,0,, [M-HT 7292259  3.07 567.1726,405.112 5, e S
ranosyl-D-glucopyranoside isomer 243.066 1,225.0552
36’ 8.78 Neochlorogenic acid C,H0, [M-H]"  353.0881 1.18  191.055 3, 179.034 0, d S
135.043 8
37 8.87 Indole-3-acrylic acid C, H)NO, [M+H] 188.0704 -1.3 170.059 7, 146.059 8, b S/D/G
118.065 2, 88.022 0
38 9.01 Tryptophan C, H N0, [M-H]”  203.0826 2.15 186.0552,159.091 6, c D
116.049 1
39 9.4  8-Hydroxyquinoline C,H.NO [M+H]' 146.0599 -1.24  128.9507, 118.065 3, b D/G
99.044 4
40 10.13  Salicylic acid C.HO, [M-H] 137.0231 -1.9 119.012 6, 93.033 3, c S/D/G
65.0380
41 10.54 2-Isopropylmalic acid CH,,0, [M-H] 175.0612 0.4 146.959 9, 115.038 6, c G
85.064 3
092 10.85 Unknown C,H,NO, [M+H]" 6933691 -0.16 657.3434,474.257 4, b D
293.1858,222.112 1
43 11 Kukoamine A C,.H,N,O, [M+H]"  531.3171 -0.45 293.1856,222.112 1, b D
165.054 5, 123.043 9
44 11.13 Phenyllactic acid C,H,,0, [M-H] 165.0546 -0.43  121.0645,93.033 0, d S/D/G
59.0122
45 11.14 Kukoamine B C,;H,,N,O( [M+H]"  531.3173 -0.57  293.1855,222.1220, b D
165.054 5, 123.043 9
46 11.2 6-Methylquinoline C, HN [M+H] 144.080 6 -1.14  117.0654,98.331 1, b D
84.0812
47 11.28 Esculin C.H,0, [M-H]"  339.0718 2.22  249.0405,219.029 3, d S
191.034 2
48 11.98 Caffeoylagmatine C H,N,0, [M+H]"  293.1604 -0.45 276.1347,163.038 7, b D
131.092 5, 114.102 7
49 12.62  Feruloylputrescine C, H,)N,O, [M+H]' 265.1543 -0.34  177.054 4, 163.039 5, b D
145.028 3, 89.107 8
50 12.94 7-Hydroxycoumarin C,HO, [M+H] 163.0387 -0.24  145.028 3, 135.044 1, d S/G
119.033 9, 104.049 4
51 12.98 Dihydrocaffeic acid CH, 0, [M-H] 181.0506  0.63  163.0389, 137.059 4, c G
121.027 9, 109.028 0,
93.069 3
52" 13.15 N'-Caffeoyl-N"-dihydro C,H,N,0, ~ [M+H]" 5293019 -034 511.4716,367.2714, b D
caffeoylspermine 293.186 5, 220.096 5,
163.038 7
53 13.21 Chlorogenic acid C,H 0, [M-H]"  353.0878 3.34 191.0552,179.034 0, d S
161.023 2
547 13.31 N'-Caffeoyl-N"*-dihydro C,H,N,0,  [M+H]" 5293019 -0.18 511.4722,458.2270, b D
caffeoylspermine 367.2700,293.184 7,
220.096 5, 163.038 7
55° 13.36 Sinapic acid glucuronide C.H 0, [M-H]”  399.0930 2.16 221.7028,192.037 4 d S/G
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56" 13.45 Multiflorin A C,,H,,0,, [M-H] 635.156 6 -4.04 567.1719,405.120 3, a S
243.066 0, 225.056 1
57 13.48 N’-3-Acetyldihydrocaffeoyl- C,.H,N,O, [M+H]" 5293019 -0.12  291.170 1, 220.096 7, b D
N"-dihydrocaffeoylspermine 163.038 8, 147.069 4
587 13.55 Mulberroside A +2H,0 C,H, 0, [M-H] 603.1464 123 567.1723,405.119 3, e S
243.066 1
594" 13.57 Leiocarposide C,,H,,0,, [M-H] 613.176 7 039  567.1722,405.119 4, e S
243.066 1, 225.055 4
60 13.61 Mulberroside A C,H,,0, [M-H] 567.1724  2.69  405.119 3, 243.006 1, e S
225.055 3,199.075 7
61 13.63  Glucosyl-3-O-f-D-apiosyl- C,H, 0, [M-H] 699.216 1 3.1 537.159 9, 405.119 2, e S
(1—6)-0-p-D-glucoside 243.066 1, 225.055 4
6247 13.67 Mulberroside A dimer C,,H,0, [M-H]" 11353437 -4.58 567.1721,405.119 1, e S
243.066 0, 225.055 1
632" 14.1  L-Leucyl-L-tyrosine C,H,,N,0, [M+H]"  295.1648 -0.4 207.065 0, 175.038 8, b D
147.039 9, 119.049 3
64" 14.29 Capsaicin C,H, N,O, [M+H]" 3442283  1.11  327.2009, 283.174 7, b D
177.112 0, 133.086 0,
89.068 2
65 14.49 Cryptochlorogenic acid C,H,0, [M-H] 353.0879  3.34  191.0553,179.034 0, d S
161.023 4, 135.043 8
66 14.61 4-Hydroxybenzaldehyde C,H, [M-H] 121.0280 -3.11  108.020 1, 93.020 9, g S/G
69.985 5
67 14.71 N'-Dihydrocaffeoyl-N° C,,H,N,O, [M+H]" 5453300 -0.35 307.2009, 293.185 2, b D
dihydroferuoylspermine 236.127 8, 222.112 2,
179.070 7, 137.059 7
68 14.79  Scopoletin C,H,0, [M+H] 193.0494 -0.75 178.027 5, 165.054 4, d D
149.059 3, 133.028 4,
127.298 6
69 14.95 a-Rhamnosyl-(1—6)-O-4-D- C,H,0, [M-H]"  485.130 1 1.31  363.248 8,293.088 3, d S
glucoside 191.034 2, 176.010 4
70 15.02 Oxyresveratrol-6-0-D- C,H,,0 [M-H] 7292272 49 567.171 8, 243.066 1, e S
glucopyranosyl-D- 225.055 1
glucopyranoside
714" 15.13 Hydroxyprolyl-tryptophan C,H,N,0, [M+H]" 318.1444 -1.42  207.0651, 175.038 7, b D
147.043 4
72 15.37 Quercetin-3-O-sophoroside C,H,0, [M-H] 625.1412 199  463.0884,299.020 1, a S
151.002 4, 125.002 9
73 16.92 N',N'-Bis(dihydrocaffeoyl) C,;H,;N,O, [M+H]" 4742597 -0.16 293.1859,222.1122, b D
spermidine 165.054 5, 123.044 1
74" 17.67 Glucoliquiritin apioside C,H, 0, [M-H] 7112147 221  711.216 5,549.160 5, a G
255.065 8, 153.018 5,
135.008 6, 119.048 7
75 17.8  3-p-Coumaroylquinic acid C,H,0O, [M-H] 337.0924  1.74  191.0552,163.038 7, c S
119.048 8,93.033 0
76" 17.88 Hydroxysafflor yellow A C,,H,,0, [M-H] 611.1620  2.17  565.156 3,403.103 4, a S
241.050 3, 197.060 2
77" 17.93  Glabranin C,,H,,0, [M-H] 323.1254 -236  257.678 3,203.081 4, a G
189.066 0, 175.086 9
78 18.46 Riboflavin CH,N,O, [M+H]" 377.1451 -12 359.134 3, 243.087 4, b D
172.086 8
79 18.93 N’-Dihydrocaffeoyl-N"’ C,;H,;N,O, [M+H]" 4722438 -0.41 455214 8,310.2120, b D
caffeoylspermidine 293.1854,236.127 6,
220.096 5, 163.038 7
80" 19.02 Unknown C,,H,)N.O, [M+H]" 559311 5 042 321.1798,293.1855, b D

222.122 0, 165.054 6,
123.044 2
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81 19.18 Magnoflorine C,,H,,NO, [M+H]"  342.1688 -3.58 297.1106,265.084 5, b D
237.090 6, 183.521 0,
177.054 2, 115.076 2
82 19.34 Esculetin C,H,O, [M-H] 177.018 2 -0.01  149.023 3, 133.028 1, d S/G
105.032 9, 89.038 1
83 19.83  Vicenin-2 C,,H, 0 [M-H] 593.1511 1.73  473.104 7,383.0759, a G
353.066 7, 325.073 0,
297.076 6
84~" 19.93  Unknown C,H,0, [M-H]"  441.0943 -5.78 405.119 3,243.066 1, e S
225.056 2, 199.076 3,
175.074 9
85" 19.97 Catechin-7-O-f-D- C,H,,0, [M-H]"  451.1248 1.3 405.119 3, 243.066 1, e S
glucopyranoside 225.055 2, 199.075 8,
175.075 5, 157.064 7
86" 19.98 6"-O-Acetylgenistin C,,H,,0,, [M-H]" 473.106 1 -1.7 405.119 3, 243.066 2, e S
225.0556,175.075 3
87" 20.01 2,3,5,4"-Tetrahydroxy stilbene- C,,H,,0, [M-H]"  405.1191  2.79  243.066 1, 225.055 2, e S/G
2-0-f-D-glucoside isomer 199.075 7, 175.075 3,
157.064 5
88%" 20.22  Acremonidin D C,;H,;0 [M-H] 647.1394 -0.2 449.109 3, 287.057 6, a S
161.023 4, 125.023 0
89 20.24 N'-3-Acetyldihydrocaffeoyl- C,,H,N,O, [M+H]"  573.3277 -1.01  475.269 6, 335.196 6, b D
N"-dihydrocaffeoyl spermine 293.184 1,222.112 2,
208.681 9, 165.054 3
90"" 20.44 Unknown C,H,,0,, [M-H]" 657.1678 1.65 611.1620,449.109 1, a S
287.056 2, 125.023 0
91 20.77 N-Acetyl-L-phenylalanine C, H,NO, [M-H]"  206.0823 2.23  192.005 5, 164.070 5, c D
147.043 8, 118.991 6,
91.053 7
9247 21.05 Diosmetin-7-O-glucoside C,H,,0, [M-H]" 4613291 0.92 415.1614,299.057 2, a S
191.055 3, 149.099 3,
131.033 7, 89.022 8
934" 21.28 Unknown C,H,,0,, [M-H]" 657.1682  2.11  611.162 8, 449.109 2, a S
287.056 2, 161.023 3,
125.023 1
94" 21.45 Unknown C,,H,,0,, [M-H] 7432026 -0.38  700.649 8, 449.111 5, a S
405.341 5, 287.056 7,
161.023 2, 125.022 9
954" 21.48 Plantagoside C,H,0, [M-H]"  465.1037  0.92 303.1058, 151.002 8, a S
125.023 0
96" 21.73 2,3,5,4'-Tetrahydroxy stilbene- C,,H,,0, [M-H]"  405.1191 279 243.066 1, 225.055 2, e S/G
2-0-p-D-glucoside 199.075 8, 175.075 4,
159.044 0
974" 21.94 Unknown C,H,0, [M-H] 504.1473  3.89  412.1409,301.831 4, a S
192.067 1, 165.054 8
98" 22.18 Daidzin C,H,0, [M+H]"  417.1178 -0.5 255.064 8, 237.054 6, a G
199.074 3, 149.717 5
994" 22.96 N-Acetyl-1-O-benzyl-a- C,H,NO, [M+H]" 6873225 03 449.191 0, 293.185 9, b D
muramyl-a-aminoisobutyryl- 222.121 6, 165.054 1
D-isoglutamine benzyl ester
100 22.98 Hyperoside C,H,0, [M-H]"  463.0885 3.08 301.0335,273.040 3, a S
255.030 0, 151.002 4,
125.002 9
101” 23.44 Schaftoside C,H,;,0 [M-H] 563.1408 238  473.106 1, 443.098 0, a G

383.077 7, 353.066 4,
325.071 8,297.076 7
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102 23.5  Isoscopoletin C,H,0, [M+H]" 193.0494 -0.15 178.0250, 165.054 7, d D
149.056 9, 137.059 7,
133.024 8
103 24.21 Ferulic acid C,H,0, [M-H] 193.0500  2.51  178.026 1, 149.059 5, c S/D/G
134.036 0
104" 25.35 Tetrahydroxychalcone C,H,,0, [M-H]" 433.1136 -1 271.061 0, 151.003 6, a G
4'-0-glucoside 135.008 7, 119.050 2
105 25.75 Isoliquiritin C, H,,0, [M-H]"  417.1185 -1.45 255.065 5, 148.016 4, a G
135.008 6, 119.050 1
106" 25.85 Unknown C,H,,0, [M-H]"  453.0954 -7.35 417.119 3, 255.066 7, a G
153.018 1, 135.007 6,
119.048 6
107 26.08 Dihydro-N-caffeoyltyramine C,H ,NO, [M+H]"  302.1384 -0.29 165.054 3, 143.572 4, b D
138.091 3, 121.064 9
108" 26.17 Isoliquiritin apioside C,H, 0, [M-H]"  549.1603 -1.95 429.104 2,297.077 5, a G
255.065 7, 135.008 5,
119.050 0
109" 26.17 Eriocitrin isomer C,H,,0 [M-H]” 5951672 149 255.066 1, 135.007 6, a S
119.049 0
110*" 262 Unknown C,H, 0, [M-H]” 5851359 -6.16 429.102 8, 255.066 3, a G
135.007 5
ur 26.38 N',N’-Bis(dihydroferuloyl) C,,H,N.O, [M+H]’ 502.2912  0.04 388.4159,250.142 4, b D
spermidine 236.127 8, 179.070 5,
137.059 7
112" 26.47 Liquiritin C, H,,0, [M-H]"  417.1193  3.28 255.0662,163.018 0, a G
148.015 0, 135.007 4,
119.048 7
1134 26.54 Tetrahydroxychalcone 4'-O- C,H,,0, [M-H]"  433.1139 23 271.061 3, 151.002 4, a S
glucoside isomer 135.008 7, 119.050 3
114" 26.68 Naringenin-7-O-glucoside C,H,,0, [M-H]"  433.1142  3.02 271.0615,151.002 4, a G
119.048 7
115" 26.74 N'N°.N'"-tris(di hydrocaffeoyl) — C,H,N,0, [M+H]" 6953633 -2.5  678.3441,457.2343, b D
spermine 293.1859,222.1123
116%"  26.75 Liquiritin apioside C,H, 0, [M-H]” 549.1613  2.02  417.119 3,255.066 1, a G
153.018 0, 135.007 3,
119.048 6,91.017 3
117" 26.79 Unknown C,H, 0, [M-H]" 5851389 -0.49 549.161 8,429.102 8, a G
255.066 3, 153.017 7,
135.007 5
118’ 27.19 Dihydromorin CH,,0, [M-H]"  303.0522 7.66 275.0563,177.018 2, a S
125.023 0
119" 27.76 Eriodictyol-7-O-glucoside C,H,,0,, [M-H]"  449.1099  4.57 287.0567,269.136 8, a S
197.059 8, 125.022 9
120° 27.89 6"-O-Acetylliquiritin isomer C,H,0, [M-H]"  459.1300  3.04 339.0875,255.044 6, a G
153.0103
121%" 27.97 Unknown C,H,N,O, [M+H]" 6393386 -035 621.3301,293.1859, b D
222.1122
122 28.79 Oxyresveratrol C H,0 [M-H]"  243.0661 3.76  225.0551,199.0758, e S
175.075 3
123 28.91 6"-O-Acetylliquiritin isomer C,,H,,0, [M-H]"  459.1293 1.16  339.087 4,263.056 7, a G
255.0452,153.0100
124 29.13 Naringenin chalcone C;H,,0; [M-H] 271.0614 491 151.002 3, 140.975 4, a G
119.048 9
125 29.14 Mulberroside F C,H,0, [M-H]” 565.1562 1.78  433.1120,335.243 8, e S
271.061 4, 227.071 2,
151.002 4, 119.048 7
126 29.21 trans-N-Caffeoyltyramine C,H .NO, [M+H]"  300.1228 -0.78  163.038 7, 121.064 9, b D

89.060 1
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127 29.23 Azelaic acid CH, 0, [M-H] 187.096 5 -0.03  169.085 7, 143.106 5, c S/D/G
125.095 7
128" 29.25 Tetrahydroxychalcone C,H,,0, [M-H]" 433.1131 041 271.0614, 151.002 4, a S
4'-O-glucoside isomer 135.008 7, 119.050 4
129 29.77 Lyciumin A C,H,N,O, [M+H]" 8743726 -0.5 856.363 7,486.198 1, b D
468.187 6, 136.075 7
130° 29.78 Eriodictyol CH,,0, [M-H]"  287.0561  3.85 259.061 4,243.067 2, a S
151.002 3, 125.022 9
131 29.9  4-Oxododecanedioic acid C,H, 0 [M-H]"  243.1238 2.88  225.1128,207.102 2, c S/D/G
181.122 5, 146.959 9
132 30.04 7-O-p-D-Apiosyl-3-O-p- C,H, 0, [M-H] 561.1616 241  309.076 8,267.066 4, d G
coumaroylkaempferol 252.042 8
133" 30.17 Eriodictyol isomer C,,H,,0, [M-H] 595.1676  1.85  351.069 3, 255.066 2, a S
135.007 4, 119.048 8,
91.017 2
134%"  30.47 Isoformononetin C,H,0, [M-H]"  269.0804 -1.69 254.0559,237.0542, a S
213.091 2, 119.041 4
135 30.9 Neoisoliquiritin C,H,,0 [M-H]" 417.1119 -4.7 255.066 2, 153.019 1, a G
148.015 4, 135.007 1,
119.048 7
136" 30.92 Liquiritin B C,H, 0 [M-H]"  695.1988  2.51  531.1525,255.066 3, a G
119.048 8, 72.991 5
137 30.94 N-p-trans-Coumaroyltyramine C,,H ,NO, [M+H]"  284.128 1 0.07  239.1497, 147.043 9, b D
121.064 8, 119.049 2
138 31.08 Liquiritin A C,H,,0 [M-H]” 7252100 3.24 531.1527,255.066 0, a G
193.049 5, 135.007 5
139 31.25 Morin C.H,0, [M-H] 301.0356 442 273.0420,229.050 2, a S
151.002 4, 125.023 0
140° 31.34 Feruloyltyramine C,H ,NO, [M+H]"  314.1385 -0.52  292.079 3, 177.054 4, b D
145.028 3, 117.033 6
141%"  31.41 Baicalin C,H .0, [M-H]"  445.0770 3.46 269.0458,235.303 8, a S
175.023 9, 113.022 9
142 31.43 Lyciumin B C,H,N, O, [M+H]" 897.3887 -034 689.3073,486.1980, b D
468.187 5, 159.091 5
143 31.62 N-Feruloyl-3-methoxy tyramine ~ C H, NO, [M+H]' 344.1487 -1.74 177.054 4, 145.028 4, b D
117.033 6
144%"  31.62 Licorice saponin J2 isomer C,H,O, [M-H]" 8234132 2.61 671.0790,351.057 4, f G
193.034 9, 113.002 9
145° 31.65 4',7-Dihydroxyflavanone CH,,0, [M-H]"  255.0625 -7.28 219.8451,153.018 1, a G
135.007 2, 119.004 2
146%*  31.71 24-Hydroxy-licorice saponin A3 C,H,,0,, [M-HT 999.4456  2.41 837.3889,377.540 1, f G
351.056 2, 193.034 4,
113.0229
147 31.8  Liquiritigenin C.H,0, [M-H]"  255.0650 4.57 219.8449,153.018 1, a G
135.007 2, 119.004 8
148%"  31.85 Chrysin-7-O-p-D-glucuronide C,H,0, [M-H]" 429.0821 45 253.050 6, 175.023 9, a S
113.0229
149 31.86 Sebacic acid C,H0, [M-H]”  201.1132 1.76  183.1017,139.1115, c S/D
111.080 1
150%" 3191 Diosmetin-7-glucuronide C,H,0, [M-H]" 475.0876 249  299.056 5, 284.032 9, a S
217.056 7, 113.022 6
151 31.99 7-Hydroxy-1-(3,4-dihydroxyphe- C,H, N, Oy [M+H]"  641.2453 -6.33  504.163 9, 476.167 8, b D
nyl)-N,N’-bis (4-hydroxypheneth- 339.086 8
y1)-6,8-dimethoxy-1,2-dihydro-
naphthalene-2,3-dicarboxamide
152 32.07 Lyciumin C C H,NO, [M+H]" 9644199 -0.09 593.2734,576.246 5, b D

389.1815,257.128 1,
188.070 4
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153" 32.1  3,7-Bis(2-hydroxyethyl) icaritin ~ C,,H, O, [M-H]" 455.1709  0.83  371.2172,213.2212, a S
153.349 6, 125.022 9
154%"  32.4  22-Hydroxy-licorice saponin G2 C,H,0,q [M-H] 853.3872 23 351.056 6, 193.034 6, f G
175.024 5, 113.022 8
155" 32.53 Licorice saponin A3 C,H,,0,, [M-H] 9834505 23 821.398 5, 645.365 0, f G
469.335 2,351.056 9,
193.034 5, 113.0229
156“"  32.94 Rhaglycyrrhizin C,H,,0,, [M-H] 969.4611 -0.15 601.4035,351.0569, f G
193.034 9, 113.0229
157" 33.25 Licorice saponin G2 isomer C,H,O, [M-H] 8373918 1.74  485.3303,351.056 9, f G
235.046 4, 193.034 3,
113.0229
158" 33.26 Glycyrrhetinic acid C,H,0, [M+H]" 4713464 -0.95 453.3357,317.2108, f G
135.116 7
159 33.28 Glabrolide C,H,0, [M+H]"  469.3306 -1.29 451.3193,405.3151, d G
243.1373,175.1479
160 33.39 (11E,157)-9,10,13-Trihydroxy- C,H,,0; [M-H] 3272180  4.15  309.207 6,211.133 3, c S/D
11,15-octadecadienoic acid 171.101 6, 85.027 9
161%"  33.48 Licorice saponin J2 isomer C,H,0, [M-H] 8234112  0.16  759.278 1,351.056 9, f G
193.034 7, 113.022 9
162 33.68 Naringenin C,H,,0; [M-H]" 271.0615 5.02 225.2221,177.018 1, a G
151.00 24, 119.048 6
163° 33.77 Hedione C,H,,0, [M-H]" 225.1496 3.24 207.138 5, 181.159 0, c S/D/G
167.106 8, 125.095 7
164" 3425 Licorice saponin G2 isomer C,H,0, [M-H] 837.3925 1.09 351.0571,193.034 6, f G
175.024 1, 113.022 9
165"  34.81 Licorice saponin G2 isomer C,H,0,, [M-H] 8373915 1.45 351.0566,193.034 3, f G
175.023 1, 113.022 9
166" 349  Glycyrrhizic acid C,H,O, [M-H] 821.3976 271  645.3658,351.057 1, f G
193.034 6, 174.023 8,
113.0229
167 34.95 Oleaside E C,H,O, [M-H] 839.4092 32 351.057 3, 193.034 6, f G
175.024 0, 113.023 0
168° 35.12 Licorice saponin H2 C,H,0, [M-H] 821.3975 252 351.0571,193.034 6, f G
175.023 7, 113.022 9
169  35.16 Isoliquiritigenin CH,0, [M-H]"  255.0650 3.56 219.8452,153.018 1, a G
135.007 4, 119.004 9,
91.017 3
170%"  35.47 Licorice saponin B2 isomer C,H,O; [M-H] 8074161 3.16  351.0571,193.034 4, f G
175.023 7, 113.022 9
171" 35.48 Formononetin CH,0, [M+H]"  269.0803 -1.8 254.057 3,237.054 17, a G
213.090 7, 154.026 0
1724%  35.96 Licorice saponin K2 C,H,0, [M-H] 8213976 223  643.2939,351.057 1, f G
193.034 7, 175.023 9,
113.023 0
173%"  36.33 Kushenol L C,;H,,0, [M-H]"  439.177 1 1.93  151.005 2, 125.023 0, a S
92.089 7
174*"  36.44 Kuwanon G C,H,0, [M-H]" 437.1614 442 401.1873,174.1855, a S
152.994 9, 125.022 9
175"  36.46 Licorice saponin C2 C,H,O [M-H] 8054012 0.75 573.2784,351.057 1, f G
295.579 1, 193.034 7,
113.0229
176" 36.6 Licorice saponin B2 isomer C,H,0, [M-H] 8074159 -0.25 351.0572,193.034 0, f G
175.023 9, 113.023 1
177" 36.86 Glycycoumarin C, H, 0, [M-H] 367.1185  0.89  297.040 3,139.038 8 a G
178" 36.93 Ononin C,H,,0, [M-H]"  429.1130 -3.2 361.163 4,293.176 5, a G

236.1052,221.154 1
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179 36.97 3,5-Di-tert-butylcatechol C,H,0, [M-H]"  221.1547 228 205.0716,177.039 4, c S/D/G
135.969 8,91.952 1
180 37.06 (+)9-HpODE C,H,,0, [M-H] 3112228 4 293.176 2,267.196 8, c S/D/G
223.170 0, 99.007 2
181 37.85 Morusin P C,H O [M-H]" 3251043 -2.74 249.1319,235.248 0, e S
193.506 0
182" 38.25 Cyclomorusin C,H,,0, [M+H]' 421.1642 -0.67 365.101 7, 347.090 8, a S
311.0547,137.2917
183 38.63 Glycycoumarin isomer C, H,0, [M-H] 367.1184 241  313.0710,263.538 2, d G
139.038 8, 111.810 5
184 39.15 Oleic acid CH,,0, [M-H]”  281.2486 4.74 192.4719,152.0551, c S/D/G
134.683 8,95.195 3
185 39.25 Stearic acid C,H,0, [M-H]" 283.2643 4.85 167.095 3, 139.668 7, c S/D/G
66.418 6

2 REREDEH
2.1 FEEEFEMS AR FERIE T S K
HR, ARSI B R O R A A OGSO, A5 S
MDF I 36 Fl 43 X 28 5% 53 #T, TS E 802 77 Hh 4 e
54T KA o

PLRK 23 139 F1 112 A 1 56 75 1 #5025 B 2% 0 2y
R A AT R . B 139 HIUE 5> 7 BT U8 N m/z
301.035 6 [M-H], #Ell H 7 1~ C ,H,,0,, =i
i BR AR WOKOR BT -B 45 R (RDA) R, FF 724k —
ROV R B T m/z 151.002 4.125.023 0, £ SR} R
A R AR, RIET R A K, B ZHmikE R
HEW LR R (B 4AB), R HE 1% 28 B 1 2 i
TR 8 45 1% 28 10 I R AE B VB 2 Wt B8 1 m/z 273
[M-H-CO,] 151, J% 112 BIHES> T 8 116N m/z
417.119 4 [M-H]", 1 5 5 7 58 C, H,,0,, 5 5>
139 Kk, % EZR 15T Gle, “EW I E T m/z
255.066 3 [M-H-162]", 7F JL 3k I & 4= RDA 24, 7=
A RHIWE BT m/z 163.018 0.148.015 0.135.007 4.
119.048 7, 28 SCERP 0 HE B\ O 1 B2, SRR T 1
B MRS 5 E S AHE N R i 12 (4C. D), IF
SEAZI I 2 W 7 m/z 135.119.91,

A 114 FHE S T 55 116 m/z 433.114 2 [M-H] 7E
B MDF i 8 & 104 0% 80 s BT m/z 151,
119 WA FA T IR B 43, FIIE, 759 T 25 7% (K 2E)
W5 Ry 112 342, 3 o mT R SRR T H 5L, JRHE
7 F XN C, H,0,0 T B R R W S B om/z
271.061 5 [M-H-C H,,0,]", Bl E 5% 1 537 % 5, F K
4= RDA 2, 72 A1 F m/z 151.002 4.119.048 7, 43¢
HRCS F HECRA A L o A 2 R -7-0- 1 & R, SR VE T H
B T IRAETE AR 7 R ARGE .

J% 53 95 TE 4 T M 28 7% (K 2A) v, AR L g
F-m/z 303151125 HEM AT 58 9 15 i 28 B 3, A
SF 139 TE[R — ANy Firp, M HRIE TR E K. R
W5 H Uk 4y T B T m/z 465.103 7 [M-H]", M H 5 7
XN C, H,0,,, £5R 175 & 05 5= A4 — 9o 1 B e
F m/z 303.105 8 [M—H-CH,,0,]", f§ & £ RDA % fi#,
FEARE A m/z 151.002 8.125.023 0, £ SCHERE % & 4]
U HORTENT T8, RIET R A5, &R B IRAE TS
FIHCE T iE .

53 93 5 CASRIE T H R s 12 RE T [F—
% (B 2E), &7 0 7T R 3 (7] B A B 28 B 3, RR AR
R B miz 255,135 i — DI IR HEWT; i 94 52
KRR T S A B R 139 BET H—#% (K 24),
N AT RE LA BOE BN R R B, RRAERE T RS T mlz
287125 3 — BB UEAZHEWT . SR, IX PR AN B E IR
A R IR 0T 1S HHE P AR IRAF VLT, ELZE 256 ik
i, Fa 458 AR BRIR N, B 155 2Ll
22 BEEMSMBH B R A
R, EEBEFCRFES A AN K. 75 A8
SR SR RUE T H 5, 8 T I =k SR B, H o
TR e B R = . AR SCIE I L g A A
A 58] AH 5% SCHRIO2N 25 A MDF 3o € oy 1 X 2% 1% 43
Hr, N5 B AR %2 17 MRS . @it
AT 2 S B E R 1 R R RRAT ORI, B R
Ty 5 Bt 25 6 761 0 I TR 3L 4] (GleA) i 4 B 2L [4] (Glle),
IR A miz 176 miz 162 () ¥ FE L5 A, I 77 4
m/z 351193113 fIi2 W7 3 7R Ao

PUREST 166 5105 11k 21 58 i R i A%
AT IR o 53 166 IHE 7 55 1168 m/z 821.397 6
[M-H]", #0578 C,H,0,,, — H i i B 5o



- 1374 - 242224 Acta Pharmaceutica Sinica 2026, 61(4): 1361-1379

X 301.0356
151.0024
125.0230
100122 ‘ ’ 273.0420
0 50 100 150 200 250 300 350
m/'z
OH O
“1-co, OH 1
OH

— |

OH
OH O
OH

m/z 301.0356 OH
| RDA

m/z 273.0420

OH OH O

6 OH —l
Nelmieoguet
HO 0 HO OH

m/z 107.0122 m/z 151.0024 m/z 125.0230

255.0663
135.0074
119.0487 L0
N
91.0173 y
100 200 ‘ 3(|)0 4(|)0 ‘ 5(|)0

m/z 255. 0663
| RDA

! . b

y T O-GHy | 1 CO
: “OH OH  HO o

m/z 91.0173 m/z 119.0487 m/z 135.0074

m/z 417.1194

Figure 4 Secondary mass spectra (A, C) and proposed fragmentation pathway (B, D) of flavonoids morin and liquiritin in Xie Bai San

decoction
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Figure 5 Secondary mass spectra (A) and proposed fragmenta-

tion pathway (B) of saponin glycyrrhizin in Xie Bai San decoctio
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Figure 6 Secondary mass spectra (A) and proposed fragmenta-

tion pathway (B) of the stilbenoid mulberroside A in Xie Bai San

decoction
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Figure 7 Secondary mass spectra (A, C) and proposed fragmentation pathway (B, D) of the alkaloid components kukoamine A and

caffeoylputrescine, respectively, in Xie Bai San decoction
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