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Metabolites and metabolic pathway analysis of 5,7-dimethoxycoumarin and 6,7-
dimethoxycoumarin in rats

DENG Fang, LIU Xin, ZHENG Zhen-xing, LI Xue-min, GONG Qian-qian, ZHANG Meng-jiao, DUAN Ting-yin
Ministry of Education, Key Laboratory of Standardization of Chinese Herbal Medicine, State Key Laboratory of Southwestern
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Abstract: Objective To identify the metabolites of 5,7-dimethoxycoumarin and 6,7-dimethoxycoumarin in plasma, tissues (heart,
liver, spleen, lung, kidney, stomach and small intestine), urine and feces in rats by using hybrid quadrupole-orbitrap high resolution
mass spectrometry (UHPLC-Q-Orbitrap HRMS). Methods SD male rats were ig S5,7-dimethoxycoumarin and 6,7-
dimethoxycoumarin (100 mg/kg), the plasma, tissue, urine, and fecal samples were collected. After sample pretreatment, a Thermo
Scientific Accucore™ Cig column (100 mm x 3 mm, 2.6 pm) was used, the gradient elution was performed with 0.1% formic acid-
0.1% formic acid acetonitrileas the mobile phase. The mass spectrometry data of biological samples were acquired in positive ion mode
with an electrospray ionization source (ESI source). Xcalibur was used to collect data, and the compound metabolite prediction template
of Compound Discoverer 3.1 software was used for analysis, and the metabolites were identified in combination with relevant literature
and Mass Frontier 7.0 software. Results A total of 33 5,7-dimethoxycoumarin metabolites and 21 6,7-dimethoxycoumarin
metabolites were detected in biological samples from rats. A total of 8, 28, 23, 2, 10, 3, 10, 13, 7, 7 metabolites of 5,7-
dimethoxycoumarin and 7, 19, 14, 7, 7, 4, 7, 13, 3, 8 metabolites of 6,7-dimethoxycoumarin were identified in plasma, urine, feces,
heart, liver, spleen, lung, kidney, stomach and small intestine, respectively. Conclusion A total of 33 metabolites of 5,7-

dimethoxycoumarin and 21 metabolites of 6,7-dimethoxycoumarin were identified by liquid chromatography-mass spectrometry. The
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metabolism of the two coumarins in rats was elucidated through demethylation, hydroxylation, hydrolysis, reduction, methylation,

sulfation and glucuronidation. The metabolic characteristics of the two coumarins were compared and analyzed. This study laid a

foundation for further study on the mechanism and pathway of action of the two coumarin in traditional Chinese medicine, and also

provided a comprehensive research method for drug metabolism identification.

Key words: UHPLC-Q-Orbitrap HRMS; 5,7-dimethoxycoumarin; 6,7-dimethoxycoumarin; metabolites; metabolic pathway
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Table 1 Mass spectrometric information and distribution of 5,7-dimethoxycoumarin metabolites in rat plasma, urine, feces

and tissues

R

mlz

#'s AT w/min IMAH]® (X106) ZR/WR (m/z) Rz SRR
MCO CiiHi00s 17.93 207.06508 —0.53 192.041 56, 179.070 24, 163.075 20, 151.075 27, J&7%Y a~j
148.051 79, 121.064 93
MC1 CuHi007 5.60 255.04999  0.24 237.039 20, 223.023 30, 209.044 57, 195.028 84, III b
193.048 23
MC2 CuHi206 5.94 241.07112 191 223.060 30, 195.065 57, 179.070 50, 167.070 51, I. III j
151.075 65
MC3 CuiHi206 6.41 241.07124 241 223.060 36, 195.065 41, 179.070 47, 167.070 50, I. 1I N
164.046 94, 151.075 55, 137.059 88, 121.065 17,
109.065 29
MC4 CioHsOsS  6.98 289.00122 -0.14 209.044 30, 194.020 95, 181.049 33, 163.038 91, IlI. V. VIIb. ¢
153.054 49
MC5 CisHi60n1 7.17 385.07742  2.29 209.044 71, 194.021 45, 153.054 81 . V. VI a\ h, j
MC6 CisHisO1n  7.56 385.07632 —0.57 209.044 33, 194.020 95, 166.026 05, 163.038 91, IlI. V. VI b
153.054 58
MC7 Ci2H1405 7.97 239.09123 —0.71 221.080 69, 193.085 83 I. IV b. ¢
MC8 CuHi00sS 8.23 303.016 97 0.20 223.059 94, 208.036 56, 165.018 28, 163.038 80 oI, VII b. ¢
MC9 CioHsOsS  8.36 289.000 82 —1.52 209.044 30, 194.020 95, 163.039 06, 153.054 96 III. V. VIIb. ¢
MC10 CisH16010  8.43 369.082 55  2.52 193.049 93, 178.026 60, 165.054 90, 149.059 97, V. VI c. g« h
137.059 98, 121.064 96
MC11 CioH120s 8.86 213.07555 —-0.94 195.065 17, 167.070 27, 153.054 58 I.II. V. b.c
MC12 CioHsOs 9.02 209.04436 —0.43 194.021 00, 181.049 50, 166.026 26, 153.054 46 ar. v b. c. e
MC13 CisH16010  9.13 369.082 15  1.44 193.049 84, 178.026 31, 165.054 76, 149.059 98, V. VI a. c~e. g7j
137.059 95, 119.049 22
MC14 Ci1H100sS  9.15 303.016 63 —0.92 223.059 92, 208.036 54, 193.049 51, 165.018 16 oI, VII b. ¢
MCI15 CioHsOsS ~ 9.16 289.001 01 —0.87 209.044 33, 194.020 98, 163.039 20, 153.054 86 1. V. VIIb
MCI16 Ci1oHsO7S ~ 9.66 273.006 71 1.32 193.049 87, 178.026 05, 165.055 31, 149.059 94, V. VII a~c. g+ h
137.059 95, 121.064 96
MC17 CioHsOsS ~ 9.81 289.00092 —1.18 209.044 37, 194.020 97, 163.038 88, 153.054 78 1. V. VIIb
MC18 C1oHsOs 9.82 209.04427 -0.86 194.021 04, 181.048 86, 166.026 02, 163.038 94, IlI. V b
153.054 31
MC19 Ci11H1406 9.94 243.08635 0.16 225.075 39, 207.065 12, 197.080 70, 179.070 16 I. II. I b, ¢
MC20 CioHsO7S  10.04 273.006 81 1.68 193.050 00, 178.026 58, 165.054 98, 149.060 09, III. VII a~d. g~i
137.060 06, 119.049 63
MC21 Ci1H100sS 10.13 303.016 94  0.10 223.060 04, 208.036 59, 193.013 18, 165.018 60 oI, VII b
MC22 CioH100s  10.19 211.06010 0.00 193.049 42, 183.065 03, 165.054 58, 149.059 68 I.V b. ¢
MC23 CiiHi00¢ 1031 239.055 11 0.42 224.031 39,209.008 07, 206.020 75, 195.029 25 I b. ¢
MC24 Ci0HsOs 10.72 209.044 59  0.67 194.021 04, 181.049 62, 166.026 29, 163.038 94, IlI. V b. ¢
153.054 64
MC25 CioHi205s  11.12 213.07558 —0.80 195.064 93, 167.070 14, 153.054 52 I. II. V. a~c. e. g—~i
MC26 CioHsO4  12.26 193.04968  0.73 178.026 92, 165.054 73, 149.059 80, 137.059 47, V b. c. e g~i
121.064 94
MC27 CiiH100s  12.38 223.06017  0.31 208.036 64, 193.013 18, 180.041 75, 179.070 43, 1l a~c. e~j
165.018 40, 163.039 11
MC28 Ci1oHsO4 13.03 193.049 64 0.52 178.025 97, 165.054 79, 149.059 77, 137.059 75, V a~c. e~j
119.049 37
MC29 Ci1Hi100s  13.16 223.05995 —0.67 208.036 58, 193.013 14, 180.042 02, 165.018 19, Il b. ¢c. e h
163.038 57
MC30 CiiH140s  13.17 227.09122 —0.79 209.080 81, 181.085 80, 167.070 25 I. 1I b. ¢
MC31 CiiHi20s  13.70 225.07587  0.53 207.065 05, 192.041 55, 183.065 12, 181.085 75, II b. ¢. h
179.070 18, 163.075 23, 153.054 49, 151.075 32
MC32 Ci2H1206  14.07 253.070 66  0.00 238.047 24, 223.023 61, 220.036 51, 209.044 22, IlI. IV as by e~i
195.028 99, 182.057 36, 164.046 83, 136.051 97
MC33 CiiHi1005  15.86 223.060 1 0.00 208.036 58, 193.012 95, 180.041 26, 165.018 11, III b. ¢, e. g+ h.
163.039 02 j
a-lM¥K b JRW c-ZEE d-0 e £ gl b-% -8 jMp K T-48)E N-EEE V- V-RHEE VI R
BAL VIR, %2 [F
a-plasma  b-urine c-feces d-heart e-liver f-spleen g-lung h-kidney i-stomach j-small intestine I-hydrolysis Il-reduction III-

hydroxylation IV-methylation V-demethylation VI-glucuronic acid VII-sulfonation, same as table 2
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Table 2 Mass spectrometric information and distribution of 6,7-dimethoxycoumarin metabolites in rat plasma, urine, feces

and tissues

e TR mwmin [M”jf . (fﬁﬁ) FRET () s E ki

MSO0 Ci11Hi1004 12.42 207.065 28 0.43 192.041 84, 179.070 28, 163.075 06, 151.075 45, JE a~j
148.052 23, 121.064 99

MS1 Ci1iHi20¢6 2.05 241.070 92 1.08 223.060 49, 195.065 43, 179.070 56, 167.070 43, 1. III e\ j
151.075 67

MS2 CiiHi120¢6 3.05 241.07098 1.33 223.060 55, 195.065 64, 179.070 57, 167.070 60, I. III e. h.j
151.075 65

MS3 CioH100s6 6.17 227.05490 -0.48 195.023 90, 181.049 48, 149.023 38 I. II. V b. c. h

MS4 CisHi6010 6.34 369.082 70 2.93 193.049 96, 178.026 43, 165.054 67, 149.059 91, V. VI a~d. g. h
137.059 89, 133.028 73, 122.036 69

MS5 CioHsO7S 6.68 273.006 10 —0.92 193.049 53, 178.026 02, 165.054 38, 149.059 80, V. VII b.c. g
137.059 69, 133.028 44, 122.036 26

MS6 CisHisO10 6.84 369.082 52 2.44 193.049 94, 178.026 54, 165.054 86, 149.059 62, V. VI a~e. g7~j
137.059 86, 133.028 70, 122.036 40

MS7 CioHsO7S 7.44 273.006 81 1.68 193.049 94, 178.026 41, 165.054 95, 149.060 20, V. VII a~f. h. j
137.059 92, 133.028 72, 122.036 65

MS8 CioHsOs 7.65 209.044 56 0.53 194.020 97, 181.048 90, 166.026 10, 163.038 65, IlI. V b
153.054 61

MS9 CisHisOn 7.71 385.076 57 0.08 209.044 34, 194.021 01, 181.049 62, 166.025 91, II. V. VIb. h. j
163.038 53, 153.054 58

MS10 Ci1H1406 7.78 243.086 47 0.66 225.07571,207.065 20, 197.080 80, 179.070 22 I. II. II b. h

MS11 CioHi120s5 8.43 213.07564 —0.52 195.063 67, 167.070 14, 139.075 53 I. I. V. b. ¢

MS12 Ci7Hi1s0n 8.77 399.093 38 2.98 223.060 47, 208.037 02, 193.013 84, 190.026 35, III. VI a~d. g. h.j
162.031 51

MS13 CioHgOsS 8.83 289.00122 —0.14 209.044 39, 194.020 98, 181.049 10, 166.025 96, III. V. VIIb. ¢+ h
163.038 83, 153.054 46

MS14 CiiHi00sS  9.16 303.016 97 0.20 223.059 98, 208.036 50, 190.025 96, 162.031 11 1. vil b

MS15 CioHsOa 9.52 193.04939 —0.78 178.025 92, 165.054 47, 149.059 45, 137.059 65, V a~j
133.028 35, 122.036 32

MS16 Ci1H140s5 9.63 227.091 40 0.00 209.080 25, 195.065 00, 181.085 28, 167.070 22 I. II b

MS17 CioHsOa 9.98 193.049 64 0.52 178.025 99, 165.054 61, 149.059 51, 137.059 59, V a~j
133.028 40, 122.036 45

MS18 CioHi20s5 10.09 213.07558 —0.80 195.065 14, 167.070 22, 139.075 32 I. I. V. b. ¢

MS19 Ci11Hi1205 10.71 225.07561 —0.62 207.065 06, 192.041 84, 183.065 34, 181.086 03,1 a~c. h
179.070 13, 163.075 26, 151.075 27

MS20 Ci2H1206 12.01 253.070 60 —0.24 238.046 94, 223.023 50, 209.044 22, 182.057 28, III. IV b. ¢
167.033 77

MS21 Ci11H100s5 12.19 223.05988 —0.99 208.03648, 193.013 37, 190.025 97, 162.031 04 111 b~h

W SEH 28 4N, FeEd e H 234, LdLF
EH 2 A, FHA SR 10 4y, AT %S E
Ho3 A, MRS EH 10 4, B % e
134, BAHLPEEE 74, NpdLh el 7
o 6,7-“HAEEF U RAAMB T EEH 74, K
WHEEH 194, FEEREEH 144, OHLF
B TA, HHSAREEH 74, BASRFEE
WA, MHAF SR 74, BHAFSEEH 13
A, BHAR ST 34, MaAL R EEH 84

31 57-“HREEEEERESINSITEE

311 57-"HEEFEERER MCO HoTET
W m/z 207.065 08 [M+H]", = A 17.93 min, 2%
WEEWE 1 Fn, SRk SRR 7R
5, WPERAET miz192.041 56 [M+H—CHs]' .
m/z179.070 24 [M+H—CO]* m/z 163.075 20 [M—+
H—CO:]"\ m/z151.07527 [M+H—CO—COJ*. m/z
148.051 79 [M+H-CO,—CHs]", HEET N —2%
M i B 5,7- - HARE S RN,
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1 EBFEREATS-—REEFEZN_RERETE
Fig. 1

dimethoxycoumarin in positive ion mode

Second order fragment ion diagram of 5,7-
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Fig. 2 Possible cleavage pathway of 5,7-dimethoxycoumarin
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dimethoxycoumarin in positive ion mode

Second order fragment ion diagram of 6,7-
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Fig. 4 Possible cleavage pathway of 6,7-dimethoxycoumarin
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Fig. 5 Possible metabolic pathway of 5,7-dimethoxycoumarin in rats
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