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Analysis of major bioactive components and their metabolites
in rats’ plasma, urine and feces after oral administration of
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Abstract: An ultra-performance liquid chromatography-quadrupole time-of-flight mass spectrometry
(UHPLC-Q-TOF/MS) method has been established to analyze the bioactive components of the aqueous extract of
Euodiae Fructus and detect the metabolites in rats after oral administration of the aqueous extract. Compounds
were detected by analyzing their retention times, high resolution mass data, mass spectra and comparing with
the reference substances. As a result, 27 compounds were characterized from the aqueous extract of Euodiae
Fructus, and 25 compounds were identified on the basis of the reference substances. 16 parent compounds and
35 metabolites were detected in rats’ plasma, urine and feces samples, and all of the parent compounds were
determined unambiguously through comparison with the reference substances. Four classes of compounds were
identified from the aqueous extract of Euodiae Fructus, including phenolic acids, limonins, flavonoid glycosides
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and alkaloids. Phenolic acids, flavonoid glycosides and alkaloids were detected in rats’ plasma, urine and feces,

while limonins were detected in the urine and feces.

The main metabolism pathways of these compounds in rats

might include hydroxyl, hydrogenation, methylation, sulfating, glucuronidation, and so on. The results of this

study provide references in the material basis of Euodiae Fructus in vivo.
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Figure 1 UV chromatogram (254 nm) of the aqueous extract of
Euodiae Fructus. The peak numbers listed in Table 1
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Table 1

F: Feces; GIcUA: Glucuronidation

MS and MS? data of the identified compounds in vifro and metabolites in vivo. W: Aqueous

extract; P: Plasma; U: Urine;

tr/ M d  Predicted Error/ I
No. mRin Formula eas/ure re 1/c ¢ pr;?r: nge Source Metabolite name MS? fragment (m/z)
m/z m/z
1 1059  CyHynOp2 463.0888 463.0877 24 [M-H]  W,F Hyperin 301.033 4, 271.027 6, 255.032 9,
243.0327
2 1418  CpH»Oy, 477.1046 477.103 3 2.7 [M-H]  W,U Isorhamnetin-3-O-f-D-galactoside ~ 315.048 8,271.027 6, 243.033 1
3 1450 CysH3056 6231601 623.1612 -1.8 [M—H] W, U Isorhamnetin 3-O-rutinoside 315.050 5, 285.040 3
4 1622 CjoH;sN3O  302.1302 302.129 3 3.0 [M+H]" W,F Dehydroevodiamine 286.097 7,258.101 8, 272.082 5
5 1677 CiHisN;0, 318.1235 318.1243 2.5 [M+H]" W,F '*N-Formyldihydrorutaecarpine 171.116 0, 144.085 6
6 21.08 CigH;sN;0, 304.1080 304.1086 —2.0 [M+H]" W,F 7p-Hydroxyrutaecarpine 286.097 6, 257.095 4, 167.060 0
7 2144  CyH30s 4712020 471.2019 2.1 [M+H]" W,F Limonin 425.196 2
8 2241 CpH;yN;O 304.1447 304.1450 —1.0 [M+H]" W,F Evodiamine 171.092 8, 144.081 8, 134.061 3,
161.072 1
9 22.66 C;sHi3sN;O 288.1135 288.1137 —0.7 [M+H]" W,F Rutaecarpine 273.091 1, 244.088 2, 169.076 8
10 2550 CioHyyNO 2862169 286.2171 —0.7 [M+H]" W,F 1-Methyl-2-nonyl-4(1 H)-quinolone 173.083 5, 186.091 3, 159.066 7,
144.080 7
11 2697 CyuHpNO 3122321 3122327 -19 [M+H]" W,F 1-Methyl-2-[(Z)-6-undecyl]-4(1H)- 173.083 5, 186.091 6, 159.067 5,
quinolone 144.080 7
12 2832 CyHy;NO 3142478 3142484 —19 [M+H]" W,F 1-Methyl-2-undecyl-4(1 H)- 173.084 2, 186.091 8, 159.067 3,
quinolone 144.081 0
13 28.74 Cy;H;iNO  340.2640  340.264 0 0.0 [M+H]" W, P, F Evocarpine 173.088 0, 186.096 3, 159.071 8
14 2929  CpsHy3sNO 3662794 3662797 —0.8 [M+H]" W,F 1-Methyl-2-[(6Z, 92)-6, 9- 173.098 1, 186.106 3
pentadecenyl]-4(1 H)-quinolone
15 30.08 CpHisNO 3422790 3422797 —2.0 [M+H]" W, P, F Dihydroevocarpine 173.084 2, 186.091 7, 159.067 1,
144.080 8
16 3039  CpsH3yNO 3682944 3682953 —2.4 [M+H]" W,F 1-Methyl-2-[(Z)-10-pentadecenyl]- 173.098 1, 186.106 6
4(1H)-quinolone
17 2.54  CiHis09  353.0874 353.087 3 0.2 [M-H]T W  Neochlorogenic acid 191.055 5, 179.034 2, 135.044 4
18 498  CigHis09  353.0875 353.0873 0.6 [M—-H] W  Chlorogenic acid 191.056 0, 179.034 5, 135.044 6
19 5.20 CoHgO4 179.0345 179.034 4 0.6 [M-H] W Caffeic acid 135.043 9, 177.018 0, 179.033 5
20 549  CigHis09  353.0872 353.0873 —03 [M-H]T W  Cryptochlorogenic acid 179.034 5, 191.055 5, 135.044 5
21 6.07  CigH»nOs  341.3333 341.333 1 06 [M-H] W  Coniferin 179.084 7
22 1029  CypH046  609.1456 609.145 6 0.0 [M-H] W Rutin 301.033 8
23 10.81 Cy7H20016  609.1455  609.145 6 0.2 [M—-H] W Isorhamnetin 3-O-4-D-xylopyranosyl- 315.033 3
(1-2)-p-D-glucopyranoside
24 1469  CypH340;  653.1713 653.1718 —0.3 [M-H] Limocitrin 3-O-rutinoside 345.060 2, 330.037 0, 329.029 6
25 1496  CpHnOy,  477.1032 477.1033 —-02 [M-H] W  Isorhamnetin-3-O-f-D- 315.047 8,271.028 0,243.033 3
glucopyranoside
26 2091 CyH3109  487.1971 487.196 8 0.6 [M+H]" W  Rutaevine 441.192 4
27 2181 CyeHy009  485.1804 485.1812 —1.7 [M+H]" W  Evodol 439.1757
Ml 533  CjoHoO;S  273.006 8 273.0069 —0.4 [M-H] P Methylation and sulfation of 19 245.027 3, 193.052 4, 135.102 9
M2 581 CysHxN3O9 512.1674 512.166 9 1.0 [M+H]" P,U Dihydroxylation and GIcUA of 8 336.134 2, 304.105 3,
171.076 1, 134.095 1
M3 684  C;H;;04  207.0651 207.0657 2.9 [M-H] F  Dimethylation of 19 193.056 2, 179.040 3
M4 690 CysHxuN3O9 510.1519 510.1513 1.2 [M+H] P Dihydroxylation and GIcUA of 4 334.115 3,316.108 4, 302.147 6
M5 7.24  CasHpN3Oe  512.1659 512.1669 —2.0 [M+H] Dihydroxylation and GlcUA of 8 336.134 6, 304.106 0,
161.070 2, 144.044 2
M6 7.77 CiyHp9O9  367.1031 367.1029 0.5 [M-H] U  Methylation of 18 193.058 6, 191.056 0
M7  9.01 CioH;gsNsO; 336.1341 336.1348 2.1 [M+H] U  Hydrogenation and dihydroxylation 318.123 7,302.091 7
of 4
M8  9.08 Ci¢H»305  343.1394 343.1393 0.3 [M-H] U  Hydrogenation of 21 181.047 8
M9 934 CiH;gN;O; 336.1342 336.1348 —1.8 [M+H] U  Dihydroxylation of 8 320.102 1, 171.115 2, 161.058 8
MI10 10.56 CioHigN3O; 334.1183 3341192 —2.7 [M+H]" P,U,F Dihydroxylation of 4 318.123 8, 302.092 3, 272.082 5
MI1 10.99 CoHigN3O; 334.1188 3341192 —12 [M+H]" F  Dihydroxylation of 4 318.087 5, 302.092 3
MI2 1126 CysHyuN3Os 4941560 494.1563 —0.6 [M+H]" GIcUA of 5 302.091 8, 286.105 9
MI3 14.04 CisHigN3O;  322.1190 3221192  —0.6 [M+H]" P Hydrogenation and dihydroxylation 288.205 4

of 9
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Continued
tr/ M d Predicted Error/ I
No. R Formula eas/ure e 1/c ¢ rror 02 Source Metabolite name MS? fragment (m/z)
min m/z m/z ppm mode
M4 14.16 CpHiN;0, 316.1082 316.1086 —1.3 [M+H] F Dehydrogenation of 5 273.088 9, 244.087 0
MI5 1421 CpHN;O, 318.1241 318.1243  —0.6 [M+H] F Hydroxylation of 4 302.092 1, 286.096 6, 272.082 3
M16 1520 CjoH;6N3OsS 398.0654 398.0954 3.0 [M-H] F Hydroxylation and sulfation of 4 318.123 5, 302.092 4
MI17 1540 CpH;gN3O, 320.1389 320.1399 —2.8 [M+H] F Hydrogenation and hydroxylation 302.092 1, 286.097 2, 272.081 4
of 4
MI8 16.70 CpH;gN3O, 318.1235 318.1243  —2.5 [M+H] F Hydroxylation of 4 302.128 8, 286.096 8, 272.081 9
MI19 1722 C;7HpNO; 288.1597 288.1600 —1.0 [M+H]” P,U,F Demethylation, depentamethylation 270.149 1, 186.091 4, 173.083 7
and dihydroxylation of 13
M20 17.46 CyHxN3Og5 480.1399 480.1407 —1.7 [M+H]" U  Hydroxylation and GIcUA of 9 304.107 7, 288.160 1
M21 17.61 CasHyN3Og 496.1714 496.1720 —12 [M+H]" P, U Hydroxylation and GIcUA of 8 320.139 0, 304.101 0, 161.061 5,
134.059 6
M22 18.10 CpHpN3Os 480.1399 480.1407 —1.7 [M+H]° U  Hydroxylation and GIcUA of 9 304.108 1, 244.129 9
M23 18.15 Ca6H2009 485.1819 485.1812 14 [M-H] F Hydroxylation of 7 469.2799,229.143 9
M24 1822 CjigHiN;O3  320.1031 3201035 —1.2 [M+H] F Demethylation and dihydroxylation 302.092 7, 286.096 4
of 4
M25 18.62 Ca6H3309 489.2133 489.2152 1.6 [M-H] U  Dihydrogenation and hydroxylation 453.126 1
of 7
M26 1897 CisHyuNO; 302.1751 302.1756 —1.7 [M+H] F Dehydrogenation, demethylation 284.164 2, 186.091 3, 173.082 0
and dihydroxylation of 10
M27 19.11 CoHxpN3;Og  480.140 5 480.1407 —0.4 [M+H] U Hydroxylation and GIcUA of 9 304.108 4, 244.130 9
M28 19.36 Ca6H29009 485.1809 485.1812 —0.6 [M-H] F Hydroxylation of 7 469.2822,229.143 9
M29 19.69 CjgHiN303 320.1029 3201035 —1.9 [M+H] F Demethylation and dihydroxylation 302.093 6, 286.096 0
of 4
M30 19.97 CpHigN3O, 320.1393 3201399 -1.9 [M+H]" U,F Hydroxylation of 8 304.107 8, 171.116 0, 161.071 0
M31 20.16 CyH;pNO; 3462377 3462382 —14 [M+H] F Dihydroxylation of 12 328.226 9, 186.091 3, 173.084 0
M32 20.35 CigHiN3;O, 304.1080 3041086 —2.0 [M+H]" U,F Hydroxylation of 9 288.077 2
M33 23.09 CxH;NO; 3722531 3722539 —2.1 [M+H]" F  Dihydroxylation of 13 354.242 3, 340.253 8, 186.091 2,
173.083 6
M34 23.33 CysHuNO  396.2539  396.2539 0.0 [M+H]" P Dehydrogenation and 378.243 9, 186.091 7, 173.083 5
' dihydroxylation of 14
M35 27.85 CpuHiNO, 3562586 3562590 —1.1 [M+H] F Hydroxylation of 13 340.263 6, 186.091 3, 173.131 2

TR E 0.550 (1) 0.550 (2) 1.198 (3). 2.620 (4)-
0.147 (5)~ 0.052 (6)~ 13.007 (7)~ 0.212 (8). 0.064 (9)-
0.054 (10). 0.040 (11). 0.058 (12). 0.101 (13). 0.062
(15). 7.356 (17)~ 6.103 (18). 5.637 (19). 8.347 (20).
0.055 (24) 10.055 mg-g ' (25).
2 RHIME. KiK. ZE{ER UHPLC-QTOF-MS #34f
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Figure 2 Possible fragmentation pathway of evodiamine (a), rutaecarpine (b), dehydroevodiamine (c), quinolone alkaloids (d),

chlorogenic acid (e), isorhamnetin 3- O-rutinoside (f) and limonin (g)
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