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Analysis of Chemical Constituents of Zhuang Medicine Longzuan Tongbi Granules by LC-MS/MS

CHENG Shuohan', LEI Xiaoying', KANG Wen', YAO Lan', ZHANG Hang', ZHANG Qinghuai’, PANG
Yuzhou® , ZHOU Wenbin'** , ZEPER Abliz'? (1. Key Laboratory of Ethnomedicine, Minisiry of Education, School of Pharma-
¢y, Minzu University of China, Beijing 100081, China; 2. Guangxi University of Chinese Medicine, Nanning 530001, China; 3. Key
Laboratory of Mass Spectrometry Imaging and Metabonomics, National Ethnic Affairs Commission, Ministry of Education, College of Life
and Environmental Sciences, Minzu University of China, Beijing 100081, China)

ABSTRACT: OBJECTIVE To analyze the chemical components of Longzuan Tongbi Granules, a classical prescription of Zhuang
medicine by liquid chromatography-tandem mass spectrometry (LC-MS/MS). METHODS The MS/MS data were collected in positive
and negative ion mode after gradient elution of the test solution using an ACQUITY UPLC HSS T3 column (2.1 mm x 100 mm, 1.8 pum)
and a mobile phase system consisting of 0. 1% formic acid water (A)-0. 1% formic acid acetonitrile (B). RESULTS A total of 113
compounds, including 64 alkaloids, 20 flavonoids, 12 organic acids, 8 coumarins, 5 lignans and 4 others, were identified by high-resolu-
tion mass spectrometry data analysis, reference substance and database comparison, while referring to the mass fragmentation patterns of
relevant components reported in the literature, and of which 109 secondary metabolites were attributed for recognition. CONCLUSION  The
material basis of Longzuan Tongbi Granules is rich, represented by alkaloids, and Toddalia asiatica is the important “main drug”. This infor-
mation can provide a scientific basis for the pharmacodynamic mechanism study and rational clinical use of this formula.

KEY WORDS; Longzuan Tongbi Granule; Zhuang medicine; alkaloid; flavonoid; LC-MS/MS; mass fragmentation pattern
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Tab.1 Analysis results of the main chemical components of Longzuan Tongbi Granule extract

No. /::in Formula MOI:)?]UIM (mM/Sz) y x(ls(] 6 1\(’[?:/1:];% Identification Source
12 1.4 CHyNO, [M+H]*+ 118.0864 1.2 1020541, 58.0662 Betaine[!8] F\D\B\L\QUL\JX\W
22 152 GH;NO,  [M+H]*+ 138049 -0.4 %065 Trigonelline %] FA\WLAJX\W
32 153 CpHpOy  [M-H]- 3411098 25 179.0602, 119.039 3, 89.028 3, 59.015 5 Sucrose 2] BVJLVX

42 164+ CHuNO,  [M+H]* 130.0860 -2.0 840851, 56.0517 L-Pipecolic acid!1%) -

52 243 CgHsNO,  [M+H]*+ 1240392 -0.8 106.0281,80.0503 Nicotinic acid(2!] -

69 3.4 CH;NOs [M+H]* 190.0707 -1.6 130.0488, 84.0450 N-Acetylglutamate -

7% 5.98 CeHgO3 [M+H]* 1270387 -21 109.0277,81.0346 5-Hydroxymethylfurfural (2! -

8l 6.03 C7HgOs [M+H]*+ 170285 -1.8 153.0189, 125.022 7, 109.028 1, 107.012 8 Gallic acid[2!) BAL

9 6.28 CypHiNsOs [M+H]* 284095 2.0 1520558, 135.028 8, 110.033 6 Guanosine 2] -

102 880 C;H;sNO, [M+H]* 194.1174 -0.8 177.089 6, 145.063 8, 117.069 1 Heliamine F\Q

112 10.12 CyHpO;  [M-H]- 2550520 3.8 179.0358, 165.05 6, 722993 6 Piscidic acid (! L\L
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4753 1( continued )

Molecular

MS

é

MS/MS

No. /rr:n Formula ion (m/2) /x10-5 (m/2) Identification Source

122 10.31 CpHyNOg  [M+H]* 4341812 0.6 272.1273,255.1005,237.0892, 107.049 1 Higenamine glucoside %] Q

139 11.03 CpHxNOg  [M+H]* 4321652 -0.2 270.1109, 235.072 5, 107.049 0 Dehydrohigenamine glucoside Q

142 11.05 CyHysNOyy [M+H]* 522335 0.2 285.1122,271.097 1,254.094 0, 243.101 8 Cephatonine glucoside 2 Q

15D 1240 CigHigO0g  [M-H]- 3530881 0.8 1910563, 179.035 1, 173.045 4, 135.0455  Chlorogenic acid 2!) F\L\Q\W

16Y 12.55 CysHyNOg* [M]+ 476.2272 -1.5 314.174 9, 260.117 8, 107.049 2, 58.066 1 Magnocurarine4'-O-glucopyranoside/Tsomer 2] F\Q

172 1379 CigHpyNO;  [M+H]* 2721282 0.3 2551007, 161.058 6, 143.048 3, 107.049 I Higenamine 2] F\L\Q

182 13.88 Cy3HxNOg [M+H]* 4481955 -2.4 314.1429,286.141 6, 209. 1150, 107.048 6 Coclaurine glucoside 2. Q

1920 14.04 CyyH3NOg [M+H]*+ 4782069 -0.5 316.1529, 285.111 2, 192.101 6, 177.077 5 3'-Hydroxy-N-methyl coclaurine glucnsidemo' Q

203 1434 CHisNO;  [M+H]*+ 270.1125 0.1 2521006, 235.067 3, 207.078 9, 107.0484  Dehydrohigenamine Q

21D 14.66 CoHyNO;  [M+H]*+ 3301695 —-1.5 239.0704, 223.074 0, 207.045 1, 181.0639  Sinomenine[2! Q

22 14.8 CiHgOg  [M-H]- 337.0926 -0.9 191.054 0, 163.039 8, 119.050 2 3-0-Coumaroylquinic acid[24] F\L

23V 1538 CyHpOp  [M-H]- 417.1044 1.3 285.061 4, 241.0712, 12.011 8, 108.021 6 5-O-(B-Apiosyl-(1—2)-O-B-xylopyranosyl ) JL\W
gentisic acid ()

24D 15.80 CielligOg  [M-H]- 353.0877 -0.3 1910567 Neochlorogenic acid(2!) F\L\Q\W

259 16.00 CigHyNO; [M+H]* 3161546 0.8 2851138, 192101 5, 175.0754, 123.0437  3"-Hydroxy-N-methylcoclaurine[2] F\Q

261 16.40 CgHgOy [M-H]- 167.0354 2.5 1520113, 108.021 7 Vanillic acid[2 FAD\B\L\Q\W

272 16.47 CysHyNOg* [M]* 476.2274 -1.0 314173 8, 269.116 6, 107.049 4, 58.066 0 Magnocurarine-4'-O-glucopyranoside// Tsomer 21 Q

28D 16.63 CigHigOy  [M-H]- 353.0878 0.0 191.0560, 179.034 6, 173.0450, 135.045 1 Cryptochlorogenic acid %! FAL\Q\W

20 1695 CyHyNOyy [M+H]* 5182016 -0.9 356.1477,338.1372,206.0803, 188.070 1 2',4',10-Trimethoxy-5 ,8-dihydro-6H-isoquinolino F\L

[3,2-a]isoquinoline-3,11-diolglucoside [27]

302 17.24 CyHyNO,* [M]* 32,1701 0.3 192.101 6, 177.077 9, 151.074 8 Cyclanoline! 28! F\L

31D 17.82 CollypOs  [M-H]- 197.0455 3.3 1820224, 166.998 4 Syringic acid[%) FAD\B\L\Q\JLAIX\W

2D 17.84 CypHyNO,* [M]* 32,1702 0.6 192.101 5, 177.077 5, 149.083 4, 120.07%6 4 Phellodendrine[%’ F\L

332 1793 CyHENO;  [M+H]* 286.1442 1.5 255.1007, 237.090 2, 143.048 7, 107.049 3 Coclaurine[ 2! F\Q\L

42 1820 CigHNO;  [M+H]*+ 2981438 0.1 269.1162,238.097 8, 192.101 7, 161.0830  Stepharine2 F\Q

35D 18.69 CoyHyOy  [M+H]* 417.1184 0.9 3991029, 363.082 2, 297.075 1 Puerarin! 30 Q

362 18.74 CogHyNO4* [M]* 3441854 -0.7 299.127 3, 175.074 7, 137.059 1, 58.066 2 Tembetarine 2] F\L

371 19.04 CyHyNO4* [M]* M2.1697 -0.8 297.110 1, 282.086 8, 265.083 9 Magnoflorine (2] F\L\Q

382 20.36 CHyNO, [M+H]* 330.1707 2.2 239.0717,200.058 5, 181.063 9 Isosinomenine 28 Q

392 20.62 CipHxO0p  [M-H]- 3671033 -0.4 191.056 4, 134.0372 3-0-Feruloylquinic acid[2*) F\L

40 21.04 CyHyNO,* [M]+ 321702 0.6 297.111 0, 265.084 7, 237.089 9, 58.066 0 Laurifoline 2] F\L\Q

412 21.42 CiHyNO3* [M]+ 3141753 0.7 2691167, 143.048 9, 107.049 3, 58.066 1 Magnocurarine/ Isomer 2] F\L\Q

492 21.51 CuHyNO; [M+H]+ 3582012 -0.2 313.1417, 189.090 1, 137.059 1, 58.066 1 N-Methylpalaudinium[3!! F\L\Q

431 21.60 CoHgOs [M+H]*+ 165.0546 -0.1 147.0524, 119.048 2, 91.056 9 4-Hydroxycinnamic acid FA\L\Q\W

44D 2.41 CoHeO5 [M+H]* 163.0393 20 119.048 1, 107.048 3 Umbelliferone 32! F\L\W

452 22,43 CyHyO)g  [M-H]- 74L.2620 1.2 579.2096, 417.1552 Syringaresionl-di-0-3-D-glucopyranoside 17! L\Q

462 23.13 CyHyNO,* [M]+ 35.1862 1.6 3111258, 296. 102 5 N-Methyl isocorydine/ N-Methyl corydine 20 F\L\Q

477 23.25 CisHpNO;  [M+H]* 260.1287 2.2 242116 8, 188.070 0, 176.069 9, 134.059 9  Psi-Ribalinine/Ribalinine 3! F\L

48 24.07 CyHyO;s  [M-H]- 593.1519 1.2 446.0861,301.0355,29.0203, 271.024 0 Quercetin-3,7-0-a-L-dithamnopyranoside 3] JL

493 24.11 CyHyNO3* [M]+ 3281912 1.5 251.1056,223.109 8, 143.048 5, 58.066 1 4'-Methoxymagnocurarine F\L\Q

502 25.41 CHpNOy  [M+H]*+ 3241240 3.0 309.09 1, 294.075 2, 281. 105 7 Stepharanine 2] Q

51D 25.87 CyHpOy  [M+H]* 409.1491 -0.5 247.0955, 229.083 6 Nodakenin[3! F

522 26,19 CuHuOp  [M-H]- 71L2509 0.5 387.1388 Medioresinol-di-O-B-D-glucopyranoside 7] Q

530 27.21 CysHyOpp,  [M-H]- 5151182 -2.5 353.0872, 191.056 9, 179.036 0, 135.0457 3 4-Dicaffeoylquinic acid!% F\B\QUX

542 28.30 CisHNO;  [M+H]+ 2001286 1.8 2421169, 183.070 2, 176.069 7, 134.059 3 Psi-Ribalinine/ Ribalinine 33! F\L

550 28.89 CxHyuO;5  [M-H]- 609.1829 0.7 301.0732,286.0490, 257.082 1, 151.0038  Hesperidinl 4] F\L

562 28.95 CyHxNOs [M+H]*+ 3701651 0.5 3521533, 290.093 6, 189.078 0, 188.070 1 Allocryptopine 3] F\L

572 29.38 CyHOy  [M+H]* 207.049 -1.4 179.067 4, 151.074 2, 107.048 6, 91.056 3 5,7-Dimethoxycoumarin| 4] F\L\Q

582 29.60 CyHyNO4* [M]* 3381388 0.3 323.1149, 3221065, 308.009, 2941117 Columbamine isomer 2] F\L\Q

590 29.84 CoHigNO,* [M]+ 336134 1.1 320.0015, 308.125 0, 292.095 8 Epiberberine 3 Q

601 30.03 CiHNOL* [M]* 32,1076 0.7 307.083 1, 279.089 5 Berberrubine 3] F\L

61D 30.17 CyHyNO,* [M]+ 3381385 -0.5 323.1140,32.1059, 308.092 5, 24. 1113 Columbamine 2’ F\L\Q

62 3075 CyHgNO;  [M+H]*+ 2760658 1.0 248.069 3, 218.058 9, 190.063 5 Liriodenine 33 F\L

3D 3164 CpHpOy  [M+H]* 4311338 0.3 269.079 4 Ononin[%! JX

642 3237 CuHu04  [M+H]* 2470068 1.3 220.0845, 175.038 6, 147.043 8 Marmesin[32] F\W

652 3.4 CypHisNO; [M+H]*+ 331075 0.3 319.0823, 304.0602, 291.087 1, 276.0645  Nomitidine!3] F\L
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43R 1( continued )

IR

Molecular

MS

8

MS/MS

No. i Formula ion (m/z2) 7 x10-6 (/) Identification Source
662 32.57 CyHNOy  [M+H]*+ 246.07%62 0.5 2310515, 216.0284, 183.0332, 160.0339  Haplopine 4] F\L
672 2.2 CxyH;sNOy [M+H]+ 3341075 0.6 319.0822, 304059 1, 291.088 0, 276.064 4 Norchelerythrine 14! F\L
682 33.39 CigHNO, [M+H]*+ 3141392 1.6 177.054 4, 145.028 1, 117.033 1 Feruloyltyramine [0 Q
@Y 33.46 CisHiOy  [M+H]* 2550055 1.2 199.0767, 137.024 4 Daidzein[ %] X
702 33.74 CyHNO,* [M]+ 3320023 1.7 317.0094, 304.00 3, 302.081 3, 274.0872  Sanguinarine[% F\L
71D 3376 CyHpNO,* [M]+ 3521550 1.9 336.1213,32.1052,308.127 1, 2%4. 1130 Palmatine36’ Q
722 33.85 CigHypOs  [M+H]*+ 309.1338 1.7 235.0596, 219.0649, 205.049 3, 177.0538  Mexoticin/Toddalolactone 14! F
730 34.07 CsHpOy  [M-H]- 250669 2.4 1350086 Liquiritigenin [ X
742 3427 CisH;pO0g  [M-H]- 287.0562 0.3 151.003 7, 135.044 6, 107.013 4 Eriodictyol X
752 34.28 CgHyNOs [M+H]+ 344.1488 —1.3 177.0542, 149.059 7, 145.028 1, 117.0328  N-trans-Feruloyl-3-O-methyldopamine %] Q
76 3431 CyHNO,* [M]* 336138 2.3 321.098,320.0922, 306.0752,292.0959,  Berberine 3! F\L\Q
278.079 3
772 3.9 CyHNO, [M+H]+ 190.0866 1.8 175.0653, 158.0626, 147.069 1, 118.066 0 4-Methoxy-1-methyl-2-quinolone 14! F\L
782 3530 CpHxOs  [M-H]- 4171546 -21 4021331, 387.1116,359.1125, 18.0509  Syringaresinol[!7] F\L\Q
79D 35.68 CigHpOs  [M+H]+ 2850760 0.9 253.0512, 225.054 9, 137.023 2 Calycosin! %] JX
801 3573 CyHigNO4* [M]+ 3481233 0.8 3320898, 318.074 7, 304.095 3 Nitidine[11] F\L
81 3589 CisHipO;  [M-H]- 300353 -0.3 273.0333,255.026 1, 178.9982, 15.0027  Quercetin' %] JLAX
82 3650 CpHoNO;  [M+H]*+ 216,049 -2.9 201.0428, 183.031 1, 173.0456, 155.034 1 Robustine[ 4] F
832 3676 CHuO0s  [M+H]*+ 3150869 1.9 300.0650, 167.032 6 Odoratin!4!] JX
sal) 37.28 CyHgNO,* [M]* 348132 0.5 3320893, 318.073 8, 304.095 0 Chelerythrine 4] F\L
852 37.37 CpHyOgy  [M-H]- 417.150 -1.2 387.1150, 166.0252 Syringaresinol [ 7] Q
861 37.76 CyHgO3 [M+H]* 1870391 0.7 159.0432, 143.048 7, 131.049 1, 115.054 1 Psoralen( 6] Q
871 39.00 CyHNOy  [M+H]* 2600919 0.6 2450669, 227.056 4, 216.064 2, 199.061 8 Skimmianine! 4! F\L
882 39.55 CisHpOs  [M-H]- 271.0618 2.2 135.0453, 135.008 7, 117.033 5, 107.049 1 3’ 4’ 7-Trihydroxyflavanone[4] X
892 40.06 C;3H;NO;  [M+H]*+ 230.0815 1.4 215.0568,200.033 4, 186.054 0, 172.038 8 y-Fagarine[!4] F\B\L\W
0D 41.15 CgHpOg  [M-H]- 3010720 0.8 286.0470, 151.003 1 Hesperetin [ F\L
912 41.17 CigHpOg  [M-H]- 29.0561 0.0 284.0332,227.0335, 133.029 5, 107.0143  Diosmetin[4?! F
0D 435 CpHNO,  [M+H]* 200.0709 1.5 185.046 8, 129.057 0,102. 046 0 Dictamnine 4] F\L
931 42.83 CpHgOy  [M+H]* 2170498 1.2 2020252, 174.030 2, 146.035 5, 118.0407  Bergapten! 4] w
U 4330 CsHpOy  [M+H]* 257.0808 -0.1 239.0093, 147.043 4, 137.0232, 119.048 8 Tsoliquiritigenin[®] X
951) 43.57 CHpOy  [M+H]*® 209.0811 1.0 254.056 4, 237.0539, 226.061 4,213.091 3, Formononetin[ ¥’ JX
197.059 3,181.062 8, 137.022 0, 118.041 6,
107.047 9
962 44.02 CyHNOg [M+H]*+ 3821284 -0.3 3641163, 349.004 6, 339.1054, 292.070 4 Isoarnottianamide!®! F\L
972 4.62 CxHypO;  [M+H]* 3731282 0.1 357.0080, 343.081 5, 153.017 7 Pentamethoxyflavone 4 JL
982 45.11 CyHyO;  [M+H]* 3731284 0.6 357.0953, 343.080 6 Pentamethoxyflavone 143 JL
992 46.03 CyHpOg  [M+H]*+ 403.1396 21 373.088,3%.1123 5,6,7,3' 4 ,5'-Hexamethoxyflavone (4] JL
1002 46.37 CoHiO;  [M+H]*+ 3570970 0.3 342.0723,327.0472,313.068 6, 153.0179  5,7,5"-Trimethoxy-3' 4'-methylenedioxy- JL
flavone %3]
1012 46.92 CisHuO4  [M+H]* 250.0967 0.8 243.0672,229.054 5, 201.051 6 Luvangetin[ 4] F\L
1022 47.20 CyHNOg  [M+H]*+ 3821288 0.7 364.1261,354.1376,339.1126,292.0719  Amottianamide ] F\L
1032 47.30 CoHNOs  [M+H]* 3521182 0.7 337.0929,322.0695, 308.088 3, 294.0736  Oxyberberine 4] Q
1042) 47.30 CoyH;g0g [M+H]* 3871077 0.7 3710749, 357.058 4, 343.081 1 5,6,7,5"-Tetramethoxy-3’ ,4’-methylenedioxy JL
flavone[#]
1052 48.61 CisHisNO,  [M+H]* 2421177 0.6 200.070 6, 188.070 9, 172.076 7, 144.080 5 N-Methylflindersine 4] F\L
1062 49.38 CyHpNOs [M+H]* 3641183 1.0 349.093 4, 334.069 6, 320.089 6, 306.0756  Oxychelerythrine[4] F\L
107D 51.06 CxHig0g  [M+H]*+ 3551180 1.1 337.1065,319.098 2, 289.078 7, 135.044 0 Sesamin D
108 51.18 C7sHig0s  [M-H] - 260.0457 0.6 2410505, 225.055 6 Emodin(2!] F
1092 5242 C3HyNOg  [M+H]*+ 408.1446 1.1 348.1212,333.0982, 3320800, 318.0744  6-Propoxychelerythrine[3 F\L
1102 52.80 CpHyNOs  [M+H]* 3801497 1.2 3621375, 347.1145,334.106 0, 319.0855  6-Hydroxyl-10-methoxysanguinarine 3] F\L
112 54.51 CHigOy  [M+H]* 2751279 0.4 2450809, 217.050 0, 205.048 9 7-Methyl ether heteropeucenin F\D\B\LAQUL\JX\W
1122 54.54 CxH;sNO,  [M+H]*+ 3341075 0.3 319.082 1, 304.000 5 Norchelerythrine 4] F\L
1132 55.86 CyHpNO,  [M+H]* 3501387 0.0 335.1137,334.1059, 318.098 4, 304.0945  Dihydrochelerythrine14] F\L
T TR B S 5 2) BRI H e ) AR AR T A5 F - OB 5 D - R B — ARG L - WAL Q — XU L — SUAR e IX - XS 1

s W - LBk

Note: "Identified with reference substance; 2)Identified with database comparison; 3)Newly inferred compounds with fragmentation pattern; F — Toddaliae Asiaticae Radix;

D - Kadsurae Coccineae Radix; B — Radix Alangii; L — Radix Zanthoxyli; Q — Caulis Sinomenii; JL — Caulis Bauhiniae; JX — Spatholobi Caulis; W — Fici Hirtae Radix.
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Colors of peaks number represent the different structural types :red — alkaloid;

green — flavonoid ; orange — coumarin; blue — lignan; black — others.
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Fig.1 Base peak chromatograms of Longzuan Tongbi Granule
extract in positive ionization mode (A) and negative ionization

mode (B)
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Fig.2 MS/MS spectrum of berberine under the positive ioniza-
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Fig.3 MS/MS spectrum of dictamnine under the positive ioniza-

tion mode (A) and the proposed mass fragmentation patterns (B)
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Fig.4 MS/MS spectrum of formononetin under the positive
ionization mode ( A) and the proposed mass fragmentation pat-

terns (B)
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Fig. 5 MS/MS spectrum of chlorogenic acid ( A), neochloro-
genic acid (B) and cryptochlorogenic acid (C) under the nega-

tive ionization mode
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F - Toddaliae Asiaticae Radix; D — Kadsurae Coccineae Radix; B — Radix Alangii;
L - Radix Zanthoxyli; Q - Caulis Sinomenii; JL - Caulis Bauhiniae;
JX - Spatholobi Caulis; W - Fici Hirtae Radix.
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Fig. 6 The attribution of various kinds of secondary metabolites

in single herb in Longzuan Tongbi Granule
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