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Rapid identification of alkaloids component in Tibetan medicine Zinospora
sinensis based on UPLC-Q-TOF-MS/MS technique
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Abstract: Objective  Ultra performance liquid chromatography tandem quadrupole time of flight mass spectrometry
(UPLC-Q-TOF-MS/MS) method was developed to analyze and identify the alkaloids from Tibetan medicine Tinospora sinensis.
Methods The analysis was performed on a Waters ACQUITY UPLC Cis column (100 mmX2.1 mm, 1.7 um) with acetonitrile and
0.1% formic acid water solution as the mobile phase for gradient elution. The electrospray ion source (ESI) was adopted to collect the
data in positive ionization mode. The anti-inflammatory effect of alkaloids from Tinospora sinensis was evaluated with the inhibition
on the release of nitric oxide in RAW264.7 cells induced by lipopolysaccharide. Results A total of 73 alkaloids, including 12
protoberberine-type alkaloids, 23 tetrahydroprotoberberine-type alkaloids, 20 benzylisoquinoline alkaloids, 9 aporphine alkaloids and
9 other alkaloids were identified by secondary high resolution mass spectrometry combined with reference substances data and
related literature. The results of anti-inflammatory activity showed that the alkaloids of Tinospora sinensis showed strong inhibition

effect on the release of nitric oxide in RAW264.7 cell induced by lipopolysaccharide. Conclusion The established method
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systematically analyzed the alkaloids of the Tibetan medicine. It provides a reference for the subsequent study of material basis and

development of Tinospora sinensis.

Key words: UPLC-Q-TOF-MS/MS; Tinospora sinensis (Lour.) Merr.; alkaloids; component analysis; berberine; palmatine;

tetrahydropalmatine; phellodenine; magnoflorine; magnocurarine
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B CRHMEY R4 4200 T, sinensis (Lour.) Merr.I¥]
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Table 1 Results of identification of alkaloid constituents of Zinospora sinensis

B2 wmn 0 —M e It MR A% R
(X10°%)  sEjfE HERfE
1 118 39 1820819 1820812 147.0451,123.0432  FAaERR CoHuNOs O 14
2 118 -16 1321017 132.1019 86.095 4, 69.0710 SRR CeHiNO2 O
3130 -03 1300489 130.0499 84.0449,56.0509 ERER CsHiNOs O
4 238 08 3001592 300.1594 269.1172,237.0908 AL 52 CisHuNO; B 1516
5 250 -08 3001228 3001230 75.0638 FHn Ca7H1NO,
6 417 15 2721277 272.1281 255.100 9 F: 5 24, CiHNO; B 14,16-17
7417 07 3301702 330.1700 299.1279,267.1269 % HAH CiHzNOs B
8 42 -08  286.1428 286.1432 269.1729,254.1005  N-FIHEH 5 25 CuHwNOs B
9 423 -21 3281547 328.1543 178.0863,163.0626  ZciE T4 ENEH 4 4 S CiHuNOs C 14,1823
10 447 -10  386.1607 386.1598 206.1171,191.0856  FRFLHIEIE PUS/NEER CaHzNOs  C
1 4n 06 3141751 3141751 269.1116 NS AT CiwHxNOs B 18-20,24
12 41 04 3281541 3281543 192.1136,178.0859 A%l CisHaNOs
13 498 -05 3441853 3441862 299.1254,267.1010  tembetarine isomer CoHxNO: B
4 510 08 3141744 3141751 269.1173,237.0922  oblongine/lotusine Bk 51k CuwHuNOs B 16,18,24-25
15 519 0.7 3281541 328.1543 283.1340,251.1077  3-O-£MIEAZIEH CwHzNOs D
16 526 08 3141751 3141751 237.0918 PRI T CuHzNOs B 17,25
17 529 06 3161543 3161543 257.0692,229.0719  norreticuline CisHuNOs B 14,17,25
18 540 0 400.1746 400.1755 220.097 1 PR R A -N- R U /D B CxHsNOs  C 18,21,24-26
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B wmin m BB kit AFRH%E R
(X10% Sl A
19 545 03 344.1843 344.1856 299.0704,267.1001 tembetarine CaHsNOs B
20 548 -06 3141385 3141387 299.1525,283.1339  N-FiI BBt ARz M 1k CisHNOs O
21 568 05 3721814 372.1806 208.097 0 RENECSTT CaHxsNOs  C
2 570 -21  386.1617 3851598 206.1181,191.0937  FAJEHIEIE IS /D EER] CaHzNOs  C
2 642 0.7 3421706 3421700 192.1020,177.0859  PUZRKMAEM BT CLIU/TI ARG ZiMRHL  CoHuNOs  C
24 643 03 300.1607 300.1594 269.1174,237.0899  N-FAE% M 2 2455 CisHaNOs B 14-16, 18,25
2% 647 05 3721801 3721806 192.1012,177.0785 FENEAHELITH CaHsNOs  C
26 670 45 3541300 354.1336 338.1385,324.1232  FFLAEMEH CHRFE AL IR IR CaHaNOs A 26
21 689 -05 3441853 3441856 299.1254,267.1010 N-FEEFE HH CaHsNOs B
28 7.06 02 3421699 3421700 297.1120,282.0889 A:7¢H" CoHxNOs D 18,21,24-30
29 125 10 3581646 358.1649 3131355281.1094  FKfI CaoH24NOs
0 1.2 00 3721804 3721806 208.0972,190.0867 HENAE LT CaHsNOs  C
31 127 -04  400.1753 400.1755 220.097 0 FRIERIEN- LS N R FI7E CaoHasNOe
2 748 10 3861950 386.1958 368.1880,208.1366 A Ca1H2sNOs
33 758 0.8 3141751 314.1751 269.114 8,237.0918  oblongine/lotusine or isomer CiHuNO3 B 16, 18,24-25
34 764 0.7 330.1689 330.1700 299.1275,267.1010 F#Hi CioH2sNO4 14,19,21-22, 25-27
3% 765 09 3421702 3421700 311.1285,297.1119 M- AKBi T CxHuNOs D 26
3% 7.89 09  370.1651 370.1649 206.0810,191.0583 K4 Ca1H2sNOs
37 80 09  356.1851 356.1856 192.1014,177.0780  N-FFH U4 Mgk C s CarHzsNOy
38 829 13 3421699 342.1700 192.1025,178.0861 HAAm" CaHuNOs  C 2430
39 831 03  386.1600 386.1598 222.1031,207.0807 K4 Ca1H2sNOs
40 837 06  296.1664 296.1645 251.1082,236.0826 annonamine or isomer CiH2NO; D
41 838 01 3561849 356.1856 192.1016,177.0782  N-FIJE PUS Bk I 25 1 Bl CuHzNOs  C
42 840 -0.2 3721811 3721806 292.1090,192.1021 FHMAE DT CaHxNOs  C
43 842 1.2 3281911 3281907 283.1340,251.1077  HIHEA 2530 CaHxNO; B
44 843 06 3421703 3421700 192.1023,177.0857  PUSRKMAEM BT CLIU/I ARG ZIMRE  CoHuNOs  C
45 868 0.7 2861432 286.1438 269.1170,237.0909 %/ %250 CuHuNOs B 14,16-17,25
46 9.00 10 3261385 326.1387 311.1159,310.1068 Kl CioH20NO4
47 913 -23 5222090 5222181 349.1883,3121297 K40 CaoH3sNO13
48  9.28 08 3441858 344.1862 313.1420,298.1118 VU5 A 50 CaHxNOs B 14-17
49 949 40 3541360 354.1336 272.1281,190.0865 FEMA MBI CIFEENALARE  CoHaNOs  C
50 951 1.2 296.164 6 296.164 5 251.106 9, 219.0750 annonamine or isomer CioH2NO2 D
51 963 09 3541707 354.1700 190.0857,175.0630  N-HI%E: U5/ NEER], CuHuNOs  C  14,18-20,23
52 9.82 2.1 3141751 3141756 283.1339,251.1072 armepavine CioH2«NOs B 16
53 10,01 -29 3541325 3541336 190.0865,175.0622  FAEPUSUAEMDI CBUFAEINSARE  CoHoNOs  C
54 10.32 05  400.1764 400.1755 222.1118,206.1173 A4 CaaH2sNOs
55 1047 10 3361238 336.1230 321.0996,320.0916 /NEEG" CaHisNOs A 14,18,21-25,28-29
56 10.72 09  356.1856 356.1856 192.1021,177.0790 &H#HH T CuHsNOs C 25
57 11.02 27 3702004 370.2013 206.0810,191.0583 N-FAJEE LT CoHsNOs  C 23-25
58 1161 -37 3741579 3741598 329.1150,314.0458 chiloenamine CxHzNOs D
59 1191 -24 4001747 400.1755 308.1065,206.1165 40 CaaH2sNOs
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wE m/z N
g5 tr/min — ‘ WRET &=z A¥l A% R
(X109 SElfE E(E
60 1196 07 3241236 3241230 309.1009,2940751 T-&HETHH CoH1NOs A 26
61 1217 -11 5222119 5222122 507.1890,437.2153 &40 CagH31NOg
62 1252 -06 3841440 384.1442 368.1494,340.1539 —HHEETLE CuHzNOs A
63 1255 32 2721289 2721281 190.0866,182.0698 K% CisH7NOs
64 1298 08 3681498 368.1493 352.1180,324.1233  FEFEAEMPT A CaH22NOs
65 1342 -34 3721780 3721806 354.1678,208.0991 BHAPAEDIT CuHzNOs  C
66 1420 46 5222172 5222181 507.1890,437.2153  £H0 CagHssNO13
67 1483 10 3561856 2356.1856 192.1015,177.0781 IS ELT* CuHzNO:  C  18-19,23-25,27-28,30
68 1501 -03 4001756 400.1755 220.0956,218.0813 HIGILBILN-FETISUNERFIE  CoHsNOs  C
69 1584 -11 3441860 344.1862 267.1365,252.1122 tembetarine isomer CaoH26NO4 B
70 1640 07 3381380 338.1389 323.1156,322.1074 MBI CaHaoNO: A 18,21,24,26,29
71 1670 10 3702004 370.2013 206.1173,191.0940 N-HEEPUSE LT CaHuNOs  C 23-25
721719 -02 2821483 282.1489 265.1223,250.0983  N-2:FFALATIH-B CiHNO; B 25
73 1725 09 3381381 3381389 323.1157,3221071 Z4iRA CaoHxNO: A 18,21-22,24-29
74 1760 -27 5222186 5222181 312.1211,298.1103 A% CagHssNO13
75 1852 -19 5222187 5222181 340.1562,312.1233 kX0 CooHzsNO13
76 1924 12 2961658 296.1645 251.1067,236.0822  annonamine or isomer CiH2NO, D
77 1949 -35 3361215 3361230 321.1001,320.0953  F/NEER CaHNO: A 18,29
78 1969 10 3441476 3441493 177.0541,149.0593  N-Ful Bk A LA Ik CiHzaNOs O
79 2268 12 3521542 3521543 337.1325,308.1291 fHELITHE CaH2NO:s A
80 2289 12 3521539 3521543 336.1228,320.1266 [ELiT” CuH2NO: A 18,2229
81 2362 50  330.1389 330.1336 300.1257,177.0777 [u#iRE% CiHNOs O
82 2400 -09  350.1374 350.1387 334.1051,306.1108 FHE/NEERH CaHaoNO: A 25,2829
83 2438 -42 3361220 336.1230 320.0731,306.0731 /NEEGREHIMK CaoHisNOs A
84 2454 11 3141391 3141387 177.0546,149.059 7  FEHRER CiHNOs 0 27
85 2549 42 3441494 3441493 177.0547,149.0562  N-Ful Bk A LA Ik CiHzaNOs O
86 2582 -13 5201976 520.1966 488.1953,460,1872 A0 CaoHaoNOsg
87 2621 28 3441494 3441493 177.0540,149.0598  N-P# L H S MR HE CiHzaNOs O
88 2771 06 2941133 2941125 249.0915,219.0803  N-formylanonaine CuHiNOs D 27
89 2797 12 3081280 308.1281 249.0910,219.0804 N-acetylanonaine CuHiNOs D

R AR R

TETE A-JRUNBERRISE IR B IR R EIR AR C-IU USRS AR D-Bl RS O-FLAb

“*”.The components were unambiguously identified by comparison with the reference standards A-protoberberine alkaloids B-benzylisoquinoline

alkaloids C-tetrahydroprotoberberine alkaloids D-aporphine alkaloids O-other

3.2 JR/NEERE A

Ji/NBERS RS AR VD T BBk SRR AR AR, fSTR)
AR 5 k2 2 MEMTE dR e K o LR 4,
FIT DA 57N BE BRI A Wi 1) BEA% — WA 2 R AR 3R
F B B2 N TR R TR R, 1R /D
AT m/z 230 W=+ SEREE S 2 4
B2 N AR, RREM A E TN [M—CHal's
[M—CHs]"All [M—2CH;]", a/NBERRANES 9T, &5

G BT AOCHR, ST R/ NBERRSR AR Mt
12N, Rt EY) 264 55, 60, 62, 64, 70, 73.
77. 79. 80. 82 Il 83,

&M 55 /NEEB, 731300 CooHisNO4, 1E
IERTET, #5151 m/z 336.123 8 [M].
INBER B G AR RS, PR AR TR R BT mlz
321.099 6 [M—CH;s]". 320.091 6 [M— CH4]"\
306.077 6 [M—2CH3]", 7E 2% Jii i rhadk a] DA 52
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Fig. 1 BPI chromatogram of the Tinospora sinensis extracts in positive mode

F 1 m/z 320.091 6 [M— CH4]"#H 4k 2 2z CO #1 CH;
A BB B T m/z 292.096 2 [M— CH;—COJ*.
277.074 1 [M—CH4—CO—CH;]"A1249.078 5 [M—
CHs—2CO—CH;]". HEMizm LK 2.

tEY) 80 NELIT, 4+ XN C21H22NO4,
EIEE AN, #0181 m/z 352.153 9
M]*e FE ik, nf DO S BIRHER &1
m/z 336.122 8 [M—CH4]", VLK HER T mi/z
336.122 8 [M—CHa4] FH4kK 2 CO Fl CH4 IR
T m/z 308.128 3 [M—CH;—COJ*\ 292.097 4 [M—

249.078 5

2CH4—COJ". HZfFEL I 3.

&) 70 1 73: (LG 70, fEIEEFRIEUR,
W T 7N miz 338.138 0 [M]*, 2T A
Co0H20NOgo TE 25, w] DAOWE2 SRR A
B ¥ m/z 323.115 6 [M—CH3]" 1 m/z 322.107 4 [M—
CH4l", RHZUAMIREERE 2 NEEAHH
o FIFEPT DO EE 2] T CHs F1 CH, IR F 51
m/z 307.084 9 [M—CHs—CH;]"PA K E K T CHas
CH; 1 CO HIWER ¥ m/z 279.089 3 [M—CHs—
CH3;—COJ", 456 SCHRTRIENS 212420290 i v, 5 4)

336.123 8

m/z 277
321.099 6

292.096 2 320.091 6

277.074 1 II306'077 6 J
]

140 160 180 200 220 240

260 280 300 320 340

2 NEEREAY MS/MS Bl S RRIERE
Fig. 2 MS/MS spectrogram and fragmentation pathway of berberine
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292.097 4

352153 9

336.122 8
308.128 3

320.126 6

I Y

200 20 240 260

| 300 320 340 360
m/z

3 BETH MSMS BSHMER
Fig. 3 MS/MS spectrogram and fragmentation pathway of palmatine

70 NARMPT OB, FIRERIRAFISRE L 4. (LB
73 B 2R N miz 338.138 1, 323115 7, 322.107
1,307.084 3,294.112 2, 279.089 0, 250.086 4, F. %%

WA s B 5 AT OB R R, RET —
ZFI) CHss CHsz 1 CO. HRIES ik K Ak
EI R, HENIL &Y 73 N2 .

322107 4
294112 6
iz 323 307.084 9
210 230 250 270 290 310 330 350

B4 3EMEFEHE MS/MS B S5 3URIEE

Fig. 4 MS/MS spectrogram and fragmentation pathway of columbamine

3.3 MUSR/NEER S YImE

ZADIRS SN BERS A s AL, (R TER
Y C MW4ity, RIS 5 K4 RDA RfgIta s %
RIS, RAAFAENF A L= T m/z 200 FIRE
BT RDA 2= Az v B 1Y) & U0 B T /R g
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Fig.5 MS/MS spectrogram and fragmentation pathway of tetrahydropalmatine
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R 2 TEKREHBHAEIT RAW 264.7 4 HE
(Xxs,n=3)

Table 2 Effects of different concentrations of drug groups
on the viability of RAW264.7 cells (X £s,n=3)

AL

2H 5 FH/(ug-mL™) P TE R Y%
Xif R — 100.00
T 553 T A A, 1 000.00 26.78 +7.46™
500.00 81.96+2.98
250.00 88.44+10.48
125.00 96.58+18.04
62.50 96.63+6.04
3125 94.60+£6.83
15.63 97.19+14.71
7.83 95.52+18.43

St e 7 P<0.01
**P <0.001 vs control group

R3 TREIRELZAIEZTESSH RAW264.7 B —F
HEKEEN (X+s,n=3)

Table 3 Effects of different concentrations of drug groups
on lipopolysaccharide induced nitric oxide release in
RAW264.7 cells (X £ s,n=23)
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xof — —

A — —

o ZE KA 40.00 pumol-L™! 97.28+0.21

BGBEEYIRR 15.63 pg-mL! 19.10£3.75
3125 pg'mL™! 54.3348.36
62.50 pg'mL! 82.37+4.15
125.00 ug-mL™! 97.01£0.33
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