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Analysis of Chemical Constituents in Gleditsiae Fructus Abnormalis Based on UHPLC-Q-TOF-MS/MS

JING Xiucun', LI Junmao', FENG Yulin', GE Fei', YAO Min?*, BAI Jiqing"**(1.Jiangxi University of Chinese
Medicine, Nanchang 330004, China; 2.Jiangxi Institute for Drug Control, Nanchang 330004, China; 3.Shaanxi University of
Chinese Medicine, Xianyang 712046, China,; 4.Shaanxi Chinese Medicine Raw Material Quality Testing Technology Service
Center, Xianyang 712046, China)

ABSTRACT: OBJECTIVE To Establish a liquid chromatography-mass spectrometry analysis method to comprehensively
and quickly identify the chemical components in Gleditsiae Fructus Abnormalis. METHODS The ultra-high liquid
chromatography coupled with quadrupole time-of-flight tandem mass spectrometry(UHPLC-Q-TOF-MS/MS) was applied for the
composition analysis of Gleditsiae Fructus Abnormalis extract; its mobile phase was 0.1% formic acid(A)-acetonitrile(B) with
gradient elution at a flow rate of 0.3 mL-min~!. Accurate ion mass and secondary fragmentation information were obtained in
negative ion mode, combined with databases and standard reference for structure elucidation. RESULTS A total of 78
compounds(32 flavonoids, 15 phenolic acids, 22 lignans and 9 chemical constituents of monoterpenoid acids) with 14 potential
new compounds were screened. CONCLUSION  This study comprehensively analyzes the chemical composition of Gleditsiae
Fructus Abnormalis, and provides a basis for the investigation of the pharmacodynamic basis and quality standards of this drug.
KEYWORDS: Gleditsiae Fructus Abnormalis; zleditsia sinensis; chemical composition, UHPLC-Q-TOF-MS/MS
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Tab.1 Analysis of chemical constituents of Gleditsiae Fructus Abnormalis

[=] . miz m/z STy 1%'%’E¢I‘HJ/ — 27 > =3
iy syl Bk S Sl R2E min T TR ZAN SEAKA
1 CieHisOy [M-H]" 353.0878 353.0881 09 447  353.0892,191.056 2, 179.035 0, 173.045 5, 3-CQA [16-18]

161.024 6, 135.045 3
2" CiHisOy [M-H]- 353.0878 353.0880 0.6 620  191.0558,135.047 1 5-CQA o HR S,
3" CiH;s09 [M-H]- 353.0878 353.0881 1.0 6.77 353.089 2, 191.056 2, 179.035 3, 173.045 8, 4-CQA o HR
161.023 5,135.045 4
4 C7H»O¢ [M-H]- 367.1035 367.1039 1.1 6.82 367.101 0, 193.051 0, 191.057 6, 134.037 8, 117.033 6 3-FQA [16-18]
5 Ci7HyO9 [M-H]- 367.1035 367.1053 5.0 9.85 193.050 7, 173.046 1, 134.037 6 4-FQA [16-18]
6 CiHisOs [M-H]- 337.0929 337.0934 1.5 5.81  337.0945,191.055 4, 173.044 3, 163.039 6, 119.050 5 3-p-CoQA [16-18]
7 CigHisOs [M-H]- 337.0929 337.0924 -1.5 7.87  319.009 4, 191.055 2, 173.044 6, 163.039 5, 119.049 7 4-p-CoQA [16-18]
8 CiHisOs [M-H]- 337.0929 337.0935 1.8 8.21 191.056 7, 173.046 3, 119.049 7 5-p-CoQA [16-18]
9 CiH;s0s [M-H]- 337.0929 337.0931 0.7 8.62  337.096 5, 173.045 6, 163.039 6, 137.021 7, 119.050 6 4-p-CoQA [16-18]
10 CpsHxOpp [M-H]- 483.1297 483.1329 6.6 2597  483.1314,337.0879, 173.045 4, 163.040 1, 119.050 1 3,5-di-p-CoQA [16-18]
11 CosHpOn [M-H]- 499.1246 499.1281 7.1  23.69  499.1331,353.089 8, 337.095 4, 191.056 7, 3-C,5-p-CoQA [16-18]
179.0350, 135.045 1
12 CpsHosOpp [M-H]™ 499.1246 499.1282 7.2 2323 499.129 1,353.085 3,335.078 9, 179.035 1, 173.0464, 4-C,5-p-CoQA [16-18]
135.0465
13 CpsHxuOpp [M-H]™ 499.1246 499.1276 6.0 2558  499.128 1,353.090 3, 337.096 7, 191.055 9, 3-p-Co,4-CQA [16-18]
179.034 6, 173.045 0, 135.044 9
14 CysHuOpp [M-H]- 515.1195 5151225 59 2267  515.1240,353.008 3, 191.053 1, 179.035 1, 1,3-di-CQA [16-18]
173.044 6, 135.045 8
15 CysHy4O1, [M-H]- 515.1195 5151224 57 1753 515.125 3,353.091 7, 191.056 7, 179.036 3, 3,5-di-CQA [16-18]
173.045 8,161.023 7, 135.045 9
16 CisHioOs [M-H]- 269.0456 269.0461 1.9 28.65  269.046 7,225.057 9, 151.004 5, 149.025 0, Apigenin [13-14]
121.0310,117.0356
17 CisHigOs [M-H]~ 269.0456 269.0455 02 1793 269.046 0, 225.055 4,221.055 8, 183.045 3, 7,3 4 -Trihydroxy [13-14]
135.009 4, 133.029 7 flavone
18 C;sHi0Os [M-H]- 285.0405 285.0412 2.6 2628  285.0414,267.029 3,257.004 8,241.051 5, Luteolin [13-14]
151.003 7, 133.030 3
19 CiHinOs [M-H]- 299.0561 299.0571 32 2924  299.0581,284.034 8, 256.039 0, 227.035 9 Methylluteolin [13-14]
20 CiHipO¢ [M-H]- 299.0561 299.0563 0.6 16.66  299.0569,283.024 2, 256.040 2, 240.042 0, Methylluteolin [13-14]
227.033 4,199.041 3, 165.018 3, 133.029 9
21 CiHinOs [M-H]- 299.0561 299.0568 2.1 31.06  299.058 6,284.034 3, 255.030 5, 227.035 8, Methylluteolin [13-14]
151.003 7, 133.030 1
22 CiHi20s [M-H]- 283.0612 283.0618 2.1 3241  283.061 6,268.037 8,211.042 8, 148.016 2, 117.0352 Acacetin [13-14]
23 CjyHiuOs [M-H]- 313.0718 313.0726 2.6 3271 313.074 8, 298.050 1, 283.052 7, 270.054 5, Bimethylluteolin [13-14]
255.030 5, 183.043 7, 159.044 6
24 CjyHiuO6 [M-H]- 313.0718 313.0722 1.5 2425 313.073 7,298.050 5,269.048 5, 255.030 1, Bimethylluteolin [13-14]
135.008 5, 133.030 1, 132.020 6
25 Cy7His0¢ [M-H]- 313.0718 313.0725 22 2701  313.0750,298.048 7,269.046 0, 255.028 6, Bimethylluteolin [13-14]
183.040 0, 165.018 8, 133.029 8
26 CiH0; [M-H]- 3150510 3150519 2.7 2752  315.0528,300.0289,271.026 1,255.031 0, 3-Methyl-quercetin [13-14]
243.031 5,227.035 4
27 CpHi40; [M-H]- 329.0667 329.0667 0 30.20  314.0400,299.020 6,271.025 3,151.005 0, 133.026 5 7,3" 4'-Trihydroxy-3,8- [13-14]
dimethoxyflavone
28 C;sH;p0s [M-H]- 287.0561 287.0567 2.1 24.85  287.0584,269.049 3, 151.003 7, 135.045 5, 3’4’5, 7-Tetrahydroxy  [13-14]
134.038 5, 107.015 2 flavanone
29 C;sHipO¢ [M-H]™ 287.0561 287.0565 12 1020  287.062 6,260.049 2,225.053 7, 137.028 3, Dihydrofisetin [13-14]
135.009 9, 121.030 6
30 CiHi40s [M-H]- 269.0819 269.0825 22 3344  269.082 6,254.059 8,225.092 8, 148.016 5, 7-Methyl-liquiritigenin ~ [13-14]
135.009 0, 120.022 4, 119.050 2, 117.034 7
31 CiHisO4 [M-H]- 269.0819 269.0817 -1.0 2721 269.080 8, 253.052 4, 225.055 5, 183.044 4, 4’-Methyl-liquiritigenin [13-14]
161.024 3, 145.031 7
32 CisHioO; [M-H]- 301.0354 301.0356 0.8 2621 301.0317,178.998 7, 165.056 8, 151.004 5, Quercetin [13-14]
121.0309, 107.015 4
33 CisHipO; [M-H]- 303.0510 303.0512 0.5 12.19  303.0529,285.041 4, 275.0557,241.051 0, 3,3/,5",5,7-Pentahydrofl [13-14]
151.004 4, 133.029 3, 125.025 1 avanone
34" CyHyOpp [M-H]~ 431.0984 431.0998 32 1291 431.101 9, 341.068 6, 311.057 0, 283.061 9, Vitexin o HE
269.0459,117.034 8
35" CyHyOj9 [M-H]~ 431.0984 431.0998 3.3 13.39  431.100 4, 413.095 5, 353.068 0, 341.066 9, Isovitexin Xof B
311.056 9, 283.059 4,281.044 9, 117.032 2
36" CyHyOn [M-H]~ 447.0933 447.0948 34 10.89  447.0955,429.084 1,357.062 9, 327.052 3, Orientin o HR S,
297.042 1, 285.042 0, 151.003 3, 133.030 1,
117.0355
37" CyHyOp [M-H]- 447.0933 447.0949 3.7 11.18  447.0972,357.064 9,327.052 6,299.056 1, Homoorientin Xt HE
174.956 2, 133.029 5
38 CyHyOn [M-H]~ 447.0933 447.0947 32 11.94  447.095 8, 285.041 3, 151.002 7, 133.031 9 Luteolin-7-O-glc [19]
39 CyuHyOp [M-H]- 447.0933 447.0954 4.6 1450  447.0954,285.0409, 255.030 2, 151.004 4, 133.029 5, Luteolin-7-O-glc [19]
107.012 1
40 CyHyOp [M-H]- 447.0933 447.0948 3.5 23.10  447.0940,401.0729,285.040 8, 174.955 0, 151.002 7 Luteolin-5-O-glc [19]
41 CyH3045 [M-H]™ 593.1512 593.1551 6.6 1581 593.157 0,447.097 9, 285.040 2, 284.033 1, 256.035 8 Lonicerin [13-14]
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42 CyHy09 [M-H] 415.1035 415.1047 3.0 8.14  415.106 1,295.062 4, 267.066 0, 253.049 9, 132.021 2, Puerarin [13-14]
117.035 4
43  CyHp405 [M-H] 435.1297 435.1311 3.2 1120 435.1322,299.0770,273.074 1, 161.023 7, 137.024 7,  Epiafzelechin [13-14]
135.0450,125.025 0 5-O-glucopyranoside
44 CyHp0y [M-H]” 435.1297 435.1305 2.0 891  435.1255,299.076 9,273.076 3, 151.040 6, 137.023 9, Propinqualin [13-14]
135.044 3, 125.025 2
45 Cy6H1007; [M-H]” 313.0354 313.0360 2.0 2625 313.0359,295.052 3,285.044 0,267.029 1, 151.044 9, 4’-Carboxy, [13-14]
133.030 8, 117.036 3, 107.012 2 5,7-trihydroxy flavone
46 C,H;00; [M-H]" 313.0354 313.0359 1.6 2502 313.0377,295.0270,199.040 3, 187.001 3, 161.023 0, 4’-Carboxy, [13-14]
133.0290 5,7-trihydroxy flavone
47" CisHj,0s [M-H] 271.0612 271.0613 0.3 28.03 271.060 3, 151.003 1, 119.050 3 Naringenin ST RR A,
48 C33Hys013 [M-H]- 7412611 7412657 6.2 1223  741.2658,579.2152,417.158 5,402.133 7,387.110 5, Liriodendrin [20]
181.050 8, 166.026 2
49 Cy3H36043 [M-H]” 5792083 579.2125 72 1949 579.2154,417.158 3,402.134 0, 387.110 5, 181.050 5,  Syringaresinol-O-glc [20]
166.026 8, 151.003 8
50 CyH36013 [M-H] 5792083 5792109 44 1223  579.211 8,417.158 0,402.133 4,387.108 7, 181.049 8,  Syringaresinol-O-glc [20]
166.026 5, 151.003 4
51 CyH3043 [M-H]” 551.1770 551.1794 42 871  551.1775,389.122 6, 341.106 4, 195.066 7, 193.050 8 Fdihvdo (8.0-4) G'-glc [20]
52 CyH3405, [M+HCOO]™ 583.2021 583.2057 6.1 8.78  537.201 6,375.148 3, 195.066 9, 179.070 1 G(4-0-8)G-glc [20]
53 Cs3HyOq5 [MTHCOO] 775.2655 775.2745 11.6 9.29  729.268 7,567.212 8,405.158 9, 357.134 5, 195.066 0 S(4-0-8)G-glc-glc [20]
54 CyH3012 [M+HCOO]™ 585.217 8 5852227 8.5 9.49  539.2221,377.1629,329.139 7, 195.066 0, 165.055 5 Givdr(4-0-8)G-glc [20]
55 CyH34013 [M-H] 553.1927 553.1958 5.7 9.68  553.1977,391.140 7,343.118 9, 195.065 7, 165.063 4  Fdivdro(4.0-8)G-glc [20]
56 CyH;c043 [MTHCOO] 613.2127 613.2183 9.1  11.13  567.211 3,405.157 0, 357.134 6, 209.081 9, 195.006 3, S(4-O-8)G-glc [20]
165.005 7
57 CyHs013 [M+HCOO]™ 6152284 6152337 88  11.58  569.2252,407.173 1,359.150 2, 211.098 4, 195.065 6 Sdihvéo(4-0-8)G-gle [20]
58 CyH34041 [M+HCOO] 567.2072 567.2126 9.4 13.66  521.206 6,359.153 0, 341.140 6, 329.140 2, Gdihydro(5-8)G-glc [20]
59 CyHx0O; [M-H]” 377.1606 377.1611 14 13.72  377.093 8,359.085 2,329.1409,314.117 1, 149.024 6  G(4-0-3)G’ [20]
60 CyH3c014 [M-H] 5952032 5952080 8.0 14.00 595.2120,433.154 5,181.048 9, 166.029 8, 151.004 1 ~ Sdihvdrosinapic(8_8)S_glc  [20]
61 CyH;c01, [M+HCOO] 597.2178 597.2229 8.6 1475 551.2183,389.160 2,371.152 8, 358.151 8, Sdihydro (5_8)G-gle [20]
62 CyH;0q [MTHCOO]™ 565.1916 565.1966 8.8 17.08 519.1880,357.134 8, 151.040 3, 136.015 6 G(8-8)G-glc [20]
63 CsHj30,; [M+HCOO] 619.2385 619.2444 9.5 1893  573.2326,525.2182,377.163 3,195.068 1, 165.0555  G(8-0-4)G [20]
(8_0_4)Gdihydm
64 C3HyOp [MTHCOO]™ 649.249 1 649.2564 113 23.78  603.252 2,407.167 9, 211.096 7, 195.066 7 Sdihydro (4.0-8)G(4-0-8)G  [20]
65 C37Hi016 [M-H] 7452713 7452789 102 2558 745278 5,583.226 1, 535.202 6, 387.148 5,357.135 2,  G(8-0-4)S(8-8)G-glc [20]
195.066 5, 165.055 9
66 C3H3c0y [M-H]” 5832185 5832233 83 2699 583.2267,535202 1,387.1529,369.137 3,357.137 8, G(8-0-4)S(8-5)G [20]
195.065 8, 165.056 2
67 C3H30q [M-H]- 5852341 5852386 7.7 27.04 585.2416,537.2174,371.1527,359.1529,341.105 5, G(8-0-4)S(8-5) [20]
195.066 5, 165.056 2 Gdihydro
68 C3H;30y [M-H] 5812028 581.2082 9.2 2877 581.2105,367.121 5,355.122 4, 195.066 5, 165.056 4  G(8-O-4)S(8-5)G’ [20]
69 CyHs50016 [M-H]™ 809.3026 809.3103 9.5 29.54 809.3155,613.2310,417.159 1, 195.0659, 165.0552  G(8-04)S(8-8)S(4-0-8)G [20]
70 Cy7Hx09 [M-H] 373.1504 373.1509 1.2 7.37  373.1534,199.096 7,191.056 0, 181.087 8,173.0449  5-T'QA [16-18]
71 CyH301; [M-HJ 535.1821 535.1852 5.7 18.53  535.1368,373.1525,353.087 9, 199.098 5,191.056 1, 3-T’-5-CQA [16-18]
179.0350, 173.045 1
72 CyH301 [M-H] 535.1821 535.1855 6.3 2282 535.1867,373.153 6,353.088 7,199.097 2, 191.056 1, 5-T’-1-CQA [16-18]
179.035 6, 173.046 2
73 CyH30y [M-H]” 519.1872 519.1907 6.7 27.14  519.1916,357.196 4, 191.056 5, 183.103 4, 179.035 1, 3-T-5-CQA [16-18]
173.045 5
74 Cy7HxOg [M-H]™ 357.1555 357.1560 14 1322  357.1563,191.056 6, 173.046 5 3-TQA [16-18]
75 CyH301 [M-H] 519.1872 519.1806 6.5 23.68 519.1887,373.154 1,199.095 0, 163.040 3, 119.0499  5-T"-3-p-CoQA [16-18]
76 Ci;3H3Og [MTHCOO]™ 569.2170 569.2121 -8.6 6.59  523.208 2,505.197 1,493.196 7,341.110 8, 199.097 5, Lactose-ter-OH [21]
181.087 2, 179.056 5, 169.087 1
77 CiH3Os [M+COOH]™ 553.2221 5532175 -83  11.68  507.211 3,341.109 1, 323.099 0, 183.102 7, 179.055 3, Lactose-ter [21]
161.0452
78 CicHx0O9 [M-H] 361.1504 361.1506 0.6 7.27  361.1489,199.097 5, 181.087 0, 179.057 1, 149.044 4,  glc-ter-OH [21]

119.035 6, 111.045 3, 89.025 3,59.016 8

e X R LU R A .

Note: “Compound compared with reference substance.
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