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LC-MS analysis of quinolizidine alkaloids in different tissues of Sophora flavescens
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Abstract: Objective To explore the mass spectrometric cleavage patterns of the alkaloids in Sophora flavescens and their variation
in different S. flavescens samples, including aseptic seedlings (roots, leaves, and stems) and callus, by LC-MS analysis, so as to
provide the basis for the identification of the key enzymes involved in the biosynthetic pathway of S. flavescens alkaloids using
comparative transcriptome sequencing approach. Methods UPLC-Q-Exactive-Orbitrap MS was used to comprehensively identify
the alkaloids in the roots of 5-year-old S. flavescens. UPLC-QQQ-MS/MS was used to quantify the alkaloids in different tissues
(roots, stems, leaves) of S. flavescens aseptic seedling and callus. Results A total of 47 alkaloids components were identified from
the roots of 5-year-old S. flavescens, and 17 of them were quantified by UPLC-QQQ-MS/MS. The results revealed that the alkaloids
in different S. flavescens samples were significantly different, and the content of alkaloids in tissues of S. flavescens aseptic seedling
was relatively high. Conclusion In this study, a rapid qualitative and quantitative method for the alkaloids in S. flavescens was
developed, resulting in the identification of 47 alkaloids from S. flavescens roots, and 17 alkaloids in different S. flavescens tissue
samples were quantified, which are helpful to the subsequent mining and identification of key enzymes involved in the biosynthesis
of alkaloids in S. flavescens by using comparative transcriptome sequencing technology.
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Fig. 1 Mass spectra of six authentic alkaloids from S. flavescens
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F1 HESRPEYEA UPLC-Q-Exactive-Orbitrap MS 5347
Table 1 UPLC-Q-Exactive-Orbitrap MS analysis of alkaloids in S. flavescens root
= . N NTETIE (m/z) RZE 2 (i ==
&5 fr/min DT TN ST (X 10) MS? (3% &R /MHEF) 2
1 3.49 CisHuN>O; 281.1859 281.1858 —0.39 281.18, 98.09, 263.17, 148.11, — &I T4
136.11, 150.12, 279.17 409)
2 446 CisHN20s 281.1859 281.1859 —0.07 281.18, 98.09, 263.17, 148.11, — ¥ ILFIH S 5FH
136.11, 84.08, 150.12 f£019)
3 6.46 Ci1HigN202  221.1278  221.1287 3.75 22112, 162.09, 132.12, 131.12, &AL N-H 421
132.62, 84.08 B A0
4 6.86 CisH2aN202  265.1905  265.190 9 1.56  265.19, 98.09, 247.18, 148.11, ¥Z2HIE SR T M1
84.08
5 7.63 CisHnN>O3  279.1703  279.1702  -039  279.17, 172.07, 160.07, 261.15, #3440 B 54
231.14, 243.14, 96.08 {£1201
6 7.80 CisHaoN202  261.1597  261.1597  0.04 261.15, 216.13, 98.09, 243.14, [J&&z T 5744020
189.05, 131.04, 148.11
7 8.12 CisH2aN20;  281.1859 281.1858 —0.39  281.18, 205.13, 263.17, 164.10, — ¥ IEILE SR
152.10, 245.16, 148.11 FapkR
8 8.31 CisHaN20  249.1955  249.196 1 236 249.19, 98.09, 231.18, 96.08, 5 SH 5 H1ARY
247.18, 136.11
9 8.34 CinHaoN2O  209.1642  209.1650 3.44  150.12,136.11, 172.07, 98.09 kushenine isomer!2!]
10 8.58 CisHuN202  265.1905 265.1910 1.90  265.19, 110.09, 98.09, 96.08, FEALTSHHF AR
164.10, 247.18, 84.08
11 8.58 CisHaoN202  261.1597 261.1597  0.15  98.09, 261.15, 150.12, 177.13, J@E&eH-Hs 5 4KR0
148.11, 243.14
12 8.77 CisH2aN203  281.1859 281.1858 —0.28 281.18, 263.17, 245.16, 148.11, S ALFLEE FHyfk20
112.07, 136.11, 247.18
13 8.99 CisHuN20; 279.1703  279.1702  —0.18  279.17, 261.15, 203.11, 166.12, ¥ 3L A0 B F 4
152.10, 96.08, 148.07 {£1201
14 9.06 CisHaoN202 261.1597 261.1596 —031 261.15, 243.14, 136.11, 215.11, %3S ALMIZH 54
148.11, 150.12, 122.09 {£1201
15 9.22 CisH20N20  245.1648 245.1648 —0.08 245.16, 189.05, 175.12, 131.04, &5 HI4A23]
148.11, 84.08
16 9.28 CisHu«N20  249.1955 249.196 1 236 249.19, 136.11, 114.09, 98.09, MLEHk
247.18, 148.11, 231.18
17 9.54 CisHauN>O; 281.1859 281.1859  0.04 281.18, 166.12, 263.17, 98.06, — 2% S F 14
112.07, 148.11, 245.16, 162.09, {4019
146.09, 221.12, 136.11
18 10.09 CisHaNO  249.1955  249.196 3 2,92 98.09, 249.19, 231.18, 148.11, 5 S FHkR
136.11, 96.08, 150.09
19 10.12 CisH2N20  247.1799  247.1804  2.14  247.18, 148.11, 176.10, 150.12, # FLH6 5 #444(20.22]
98.06, 112.07, 98.09
20 10.38 CioH2o0N20  209.1642  209.165 1 425 133.10, 91.05, 105.07, 150.12, flavascensine isomer!2")
122.09, 192.13, 84.08
218 10.67 CisHaN202  265.1905  265.1909 1.79  265.19, 247.18, 205.13, 148.11, EALESH
136.11, 150.12
22 10.74 CisHxNO 2471799  247.180 5 250  247.18, 148.11, 150.12, 176.10, F5 505544 {4c120.22]
136.11, 112.17
238 10.86 CisH»N202  263.1748  263.1753 1.99  263.17, 245.16, 136.11, 150.12, AL
203.11, 138.12, 98.09, 177.13
24 10.86 CisHoN20  245.1648 245.164 8 0.16 245.16, 177.13, 150.12, 110.05, A0 5 {41231
96.04, 148.11, 122.09
25 1124 CisHuN2O  249.1955  249.196 1 232 249.19, 98.09, 136.11, 84.08, 5 M T kR
166.12, 96.08, 231.18, 148.11
26° 12.50 Ci2HieN20  205.1329  205.133 8 4.19  205.13,58.06, 175.08, 108.08 N-FR L4 21008
27 12.63 CisHxN2O2  263.1748  263.1753 1.76  263.17, 231.14, 98.09, 261.15, HH-FLHH AR
122.06, 84.08, 96.08, 245.16
28 12.76 CisHaoN2O2  261.1597  261.1596 —0.42  261.15, 243.14, 215.15, 187.12, #3440 Z 514
188.13, 131.04, 96.08, 114.09 {£1201
29 13.08 CisH2N20  247.1799 247.180 5 2.50 98.09, 247.18, 148.11, 112.07, =& PSR

150.12, 136.11, 176.10




$ER 2023448 B54% B8  Chinese Traditional and Herbal Drugs 2023 April Vol. 54 No. 8 *2393 ¢
w1
o . y T E T (miz) iR 2= .. .

IS fr/min Papmasit TN ST (X 10%) MS? (3% &R /HEF) U

30 13.57 CisH24N203  281.1859 281.1858 —0.28  281.18, 150.12, 148.11, 263.17, — ¥ FHLEILE ST
217.16, 98.09, 86.06 A2

31 13.70 CisH2aN202  265.1905 265.1910  2.01  265.19, 219.18, 148.11, 150.12, ¥AFENIR SR ARR1
247.18, 136.11, 84.08, 205.13

32 13.79 CisH2N20  247.1799  247.1805  2.54  148.11, 247.18, 176.10, 150.12, #B 5555 ffAk2022]
98.06, 136.11, 175.03

33 13.95 CisH2oN202  261.1597  261.1597 —0.08  261.15, 148.07, 132.04, 243.14, ¥ 5 AL ¥ 5 M
96.08, 189.10, 160.07 {41201

34 14.66 CisH2aN202  265.1905  265.1910  2.01  265.19, 164.10, 263.17, 112.07, %4k 5085 5 {420
245.16, 96.08, 148.11

35 15.37 CisHaoN202  261.1597  261.1597  0.04 261.15, 243.14, 96.08, 193.13, ¥& 3L %4k ¥ Hco 5 74
177.10, 148.07, 150.09 {1201

36 1598 CisH2oN20  245.1648 245.1649  0.41  98.09, 245.16, 99.09, 70.06, B G H5H{AR0
148.11, 96.08, 150.12

37 16.53 CisHuN2O2  263.1748  263.175 3 1.76  263.17, 195.14, 152.10, 261.15, #0005 54RO
96.08, 166.12, 134.09

382 16.59 CisH2aN20  249.1955  249.196 0 1.76  249.19, 148.11, 247.18, 150.12, &
112.07, 176.10, 98.06

39 16.79 CisHisN2O  243.1491 243.149 1 0.04 243.14, 186.09, 70.06, 187.09 F AN A A 121

40 17.33 CisHa6N> 2352168 2352169  0.26 23521, 98.09, 233.20, 134.09, 415K K1
70.06, 229.96, 86.31

412 17.58 CisH2N20  247.1799 247.1805 230  247.18, 179.15, 136.11, 245.16, #E-H%
96.08, 150.12, 148.11

42 17.64 CisH24N202  265.1905  265.190 9 1.79  265.19, 150.12, 148.11, 247.18, AL S0 {4200
112.07, 98.06, 176.10

43 18.15 CisH2oN202  261.1597  261.1597 —0.08 261.15, 96.08, 243.14, 84.08, [ExE¥IHBk 5 #4420
148.11, 215.11, 189.05

44 19.36 CisH2oN20  245.1648  245.1647 —0.29  245.16, 98.09, 122.06, 148.07, #Jchii 5H{A23]
150.12, 227.15,228.13

45 19.42 CisHN2O  247.1799  247.1806  2.74  247.18, 245.16, 179.15, 136.11, #5055 K {4(2022)
98.09, 150.12, 148.11

46 27.52 Ci2HioN2 183.0916  183.0920 1.97  183.09, 115.05, 142.06, 168.06, harman isomer(?3

47 27.87 CisH2oN20 2451648 245.1648 —0.08  98.09,245.16,70.06,203.11, 58.06 A Ji sk S 44 41231

@ RIRAAE) 5 068 B EE XA
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Fig. 3 Total ion chromatorgraphy of methanol extract of S. flavescens root (positive ion mode)
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Table 2 Quantitative analysis of ion pair information for S. flavescens alkaloid

M5 1B 4 773 fr/min ERB X (m/z)

1 flavascensine isomer C12H20N20 9.21 209.2/105.1
2 AL N-F I G AR AR AR C12H1sN20:2 10.95 221.1/162.1
3 SEAT R CisH26N2 13.97 235.2/98.1
4 RNy i a T R AR N CisH1sN20 13.31 243.1/186.1
5 AR R HALIN Ci5H20N20 10.32 245.2/148.1
6 AR R ALIN CisH20N20 14.24 245.2/148.1
7 Uy SR AN CisH2N20 10.22 247.2/148.1
8 A SR Ci5sH2N20 12.12 247.2/179.2
9 T 52 Bk CisH2N20 722 249.2/150.1

10 S Ci15sH22N20 10.68 249.2/150.1

11 F2 AR T Tl 7 4 A Ci5H20N20: 7.83 261.2/243.2

12 2 AL AR TRl S A A Ci5H20N20: 14.74 261.2/243.2

13 FALKRE SR Ci15H22N20: 9.79 263.2/136.1

14 F2 AR SR = A A Ci5H22N20: 14.95 263.2/195.1

15 AATE ST Ci5H24N20: 9.33 265.2/205.1

16 EXE S 2R AN C15H24N20: 12.67 265.1/148.1

17 F2 I AN AR SR = A A Ci5H2:N203 8.34 279.2/261.2
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Fig. 4 Quantitative analysis of different tissues from S. flavescens (n = 3)
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