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Abstract: This study was designed to clarify the chemical constituents in Yuanhu Zhitong prescription
(YHZT), a rapid high performance liquid chromatography/electrospray ionization quadruple time-of-flight mass
spectrometry (HPLC-QTOF/MS) method was established. Based on the high resolution MS spectra data,
fragmentation ion information, reference standards data and literature reports, 51 peaks including 28 alkaloid
compounds and 23 coumarin compounds were identified. The chemical constituents in YHZT were rapidly,
accurately, systematically analyzed. The results lay a foundation for the quality control of effective compounds
of YHZT.
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Table 1 MS/MS data in the positive and negative ESI modes and the identification results of YHZT. Source 1: Corydalis Rhizoma;
Source 2: Angelicae Dahuricea Radix; “Verification with reference standards
PT\?(?( tr/min [M+H]"/[M—H] (m/z) MS/MS Compound Formula Source  Reference

1 12.89 —/315.021 9 174 Neobyakangelicol Ci7H1606 2 [7]
2 14.77 —/403.077 0 - Unknown - 2 -
3 16.02 —/403.077 9 - Unknown - 2 -
4 23.72 314.177 0/— 239, 194, 115, 107 Unknown - 1 -
5 24.53 —/385.069 5 201, 175 Esthole C,1H2,07 2 [6]
6 24.85 287.090 5/— 203, 147 Oxypeucedanin C16H1606 2 [4, 6]
7 27.31 328.284 3/— 178,163, 135 Scoulerine Ci9H21NOy4 1 [8]
8 29.29 —/385.176 9 201, 175 Senbyakangelicol C,1H2,07 2 [9]
9 30.03 —/407.146 6 467,227 Nodakenin® C20H2409 2 [7]
10 31.29 356.190 2/— 340, 308, 192, 177, 149 Corybulbine C,1H2sNO4 1 [8]
11 33.19 356.187 3/— 340, 308, 192, 177, 149 Isocorybulbine C21HsNOy 1 [10]
12 34.76 342.169 5/— 192, 176, 163, 148 D-Lirioferine Co0H23NO4 1 [11]
13 36.01 354.137 8/— 188, 149 Protopine” C20H9NOs 1 [12]
14 38.95 370.171 5/— 206, 188 a-Allocryptopine” CyH27NO4 1 [4]
15 39.56 342.175 9/340.164 3 178,163, 135 Tetrahydrojatrorrhizine” Cy0H23NO4 1 [13]
16 39.81 203.031 5/— 147, 129, 101 Xanthotoxol/bergaptol C11HgO4 2 [5, 14]
17 39.88  338.140 0 (M]7)/336.1325 307,279, 265, 178, 163 Jatrorrhizine® CaoHaoNO,* 1 [13]
18 40.06 370.406 3/— 206, 190 Cryptopine CH7NO4 1 [13]
19 40.59 328.402 4/326.184 5 121, 115 Isoboldine CioH21NO4 1 [11]
20 40.69 342.161 3/— 178,163, 135 Tetrahydrocolumbamine C0H3NOy 1 [5, 15]
21 41.34 356.167 3/— 295,279,267, 251,236,220  D-Glaucine C21H25NOy 1 [13]
22 4164 320.091 7 ([M]7)/— 318,290, 277, 262, 249, 234 Coptisine* C1oH4NO,* 1 [4]
23 44.25 352.416 3 (IM]")/— 337,321, 293, 265, 190 Dehydrocorybulbine C2 HpNO," 1 [8, 11]
24 44.44 354.171 9/— 337,321,308, 293,265,190  N-Methylcanadine C21H21NOy4 1 [11]
25 4481 370.344 5/— 190 Taxilamine C20H9NOg 1 [8]
26 4520 352.158 9 ([M]")/— 337,322, 305,294, 278,190  13-Methyl-dehydrocorydalmine  Cp;Hp,NO,™ 1 [8]
27 47.03 356.313 4/— 192, 176, 165, 150 Yanhunine C,1H2sNO4 1 [5]
28 48.36 233.042 9/— 173, 145, 116 5-Methoxy-8-hydroxy-psoralen C1,HgOs 2 [5]
29 49.04  352.123 1 ([M]")/351.064 1 336, 320, 294, 278, 264 Palmatine” C2 HpNO," 1 [12]
30 49.29 305.251 3/— 203, 147, 131 Oxypeucedanin hydrate C16H1606 2 [5]
31 5107 336.078 5 ([M]7)/— 320, 318, 304, 292, 278 Berberine* CaoH sNO,* 1 [10, 12]
32 51.41 368.184 7/— 352,336, 308 Bicuculline” C30H,7NO¢ 1 [16]
33 51.61 335.113 8/— 318,278 Byakangelicin® Cy7H1507 2 [7]
34 52.84 366.172 8 (IM]")/— 350, 334, 308, 292 Dehydrocorydaline” C2HNO," 1 [12]
35 54.12 356.190 3/— 192,176 Tetrahydropalmatine” C,1Hy5sNOy 1 [10, 12, 13]
36 54.88 366.401 7/— 350, 336, 321, 292, 277 Unknown - 1 -
37 55.55 356.324 9/— 178,163, 151, 135 Coryphenanthrine C21HsNOy 1 [8]
38 58.52 217.201 0/— 174, 145, 118 Xanthotoxin“ Ci,Hs04 2 [7]
39 61.52 340.309 4/— 324,192, 176, 148, 131 D-Nantenine Cy0H21NO4 1 [11]
40 61.90 217.192 8/— 202, 174, 145, 118 Bergapten” Ci,Hs04 2 [7]
41 62.14 247.061 9/— 217,189, 161, 133 Pimpinellin Ci3H100s 2 [6]
42 63.20 317.102 8/— 218,203, 188 Isobyakangelicol C17H160¢ 2 [5]
43 63.55 340.328 0/— 176, 161, 149 Tetrahydroberberine® Cy0Hz1NOy4 1 [5]
44 66.33 317.101 4/— 231,203,188, 176 Byakangelicol” C17H1606 2 [4]
45 66.92 370.545 0/— 192, 176, 165, 148 Corydaline” CyH27NO4 1 [13]
46 67.88 231.100 2/229.227 3 147,119, 103 Demethylsuberosin Ci4H1403 2 [17]
47 68.32 271.090 7/269.091 9 213,184,171, 153,128, 115 Alloisoimperatorin Ci6H1404 2 [7]
48 70.07 —/269.080 6 253,225,197 Alloimperatorin Ci6H1404 2 [5,7]
49 70.20 324.378 9/— 176, 161, 149, 119 Tetrahydrocoptisine C19H7NO4 1 [8]
50 71.83 271.242 8/— 174, 147, 129 Imperatorin® Ci6H1404 2 [14]
51 72.62 317.101 3/— 204, 189, 173, 119 Neobyakangelicol C17H606 2 [7]
52 73.27 301.110 9/— 218,189,173, 134 Cnidilin C17H,605 2 [5,7]
53 74.64 301.257 1/— 218,189, 173, 162, 145, 134 Phellopterin C17H;60s 2 [7]
54 74.88 271.098 7/— 147,131, 119 Isoimperatorin® C16H1404 2 [14]
55 76.02 245.238 4/— 131 Osthole Ci5sH1603 2 [6]
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Figure 1 Total ion chromatograms of YHZT (A), Corydalis
Rhizoma (B), Angelicae Dahuricea Radix (C), standards (D)
in positive and negative ESI mode. The peak numbers were in
accordance with Table 1
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Figure 3 Proposed major fragmentations of corydaline
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Figure 2 Mother structures of tetrahydroproberberines (A), berberines (B), protopines (C), aporphines (D) and coumarins (E)
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Figure 4 Proposed major fragmentations of berberine

Figure 5 Proposed major fragmentations of protopine
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Figure 6 Proposed major fragmentations of glaucine
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