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Abstract: Objective To establish an analysis method combining ultra-performance liquid chromatography-quadrupole time-of-flight
mass spectrometry (UPLC-Q-TOF-MS/MS) combined with multivariate statistical analysis technology, and compare the chemical
composition differences of different varieties of Achyranthes bidentata. Methods Based on UPLC-Q-TOF-MS/MS technology, the
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chemical constituents of A. bidentata, Cyathula officinalis, C. capitata and A. aspera were analyzed and identified, and multivariate
statistical analysis was used to screen the differential components of different varieties of 4. bidentata. Results A total of 230
chemical components were preliminarily identified, including 81 saponins, 26 alkaloids, 12 sterones, 75 organic acids, 19 lignans and
17 flavonoids. A total of 25 chemical markers were screened from four kinds of varieties according to the VIP value > 1, #-test (P <
0.05). Among them, chikusetsu saponins, 4. bidentata saponins were mostly in 4. bidentata. The content of chikusetsu saponin IVa in
C. capitata was the highest; the sterols, flavonols, organic acids and glycosides were abundant in C. officinalis. The proportion of
oleanane saponins and tyramine alkaloids was the highest in 4. aspera from Anhui. Conclusion This method can quickly and
comprehensively analyze the components of A. bidentata plant resources, which provides a basis for the classification and identification
of A. bidentata species and the development and utilization of resources.
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Table 1 Sample information of four kinds of 4. bidentata

medicinal materials

b~ T 1] P b~ T 1] P

PR 220120 SRR | A4 220003 TLFR L
AR 220122 WRRE | A4 220004 TLFR L
R 220314 WRRE | 4B 220027 LR
AR 220501 RRES | A4 220728 VLR
R 220724 WRRE | 4B 220729 LR
AR 220129 RIEEME | LAE 220014 RRETEH
AR 220328 RIEEME | LAE 220016 ERTEH
R 220427 RIEEME | LA 220018 BTG
R 220625 WRIEEME | LAE 220000 RTEH
AR 220825 RIEEME | LA 22002 wRTEH
JIRE 220713 PO | LA 220923 BiERE
JIARE 220714 PO | LA 220925 BiEbE
JIRE 220801 PO | LA 221005 aiEbE
JI4BE 220804 PO | LA 221006 RiERE
JIRE 220917 PO | LA 221007 RiEbE
JIRE 220720 PUIRA | LA 220024 VTFEHE
JIRE 220721 PUIRA | BB 220920 VTFEHE
JI4RE 220722 PUIRA | LA 220928 VLFEHE
JIAERE 220002 PONIRA | AR 220930  T7GHTE
JIAERE 220003 PUNIRA | B 221002 T7GHTE
AR 220403 VLFEHE | L4 221003 LAY
AR 220405 VLFEHE | L4 221004 TTAEEY
AR 22057 VLFEHE | L4 221005 LAY
AR 220529  VLFEHE | L4 221008 LAY
AR 220026 VLFEHE | L4 221010 LAY

2 FEEHR

2.1 BREIHIE

2.1 RS ER R H] R PREL 4 FRARIRT R
FERH 2 g0 23 AN 10 55 75% LB, 80 C
[FIEHEEL 2 h, IS, HIERKRGE S 2 mL J5
H 75% OB I HE R T 5 mL B, &
FRA) 30 min, HEHEMAEGIUHEE T 1.5mL
BLE, TRNEEEOHLF 15 000 t/min #5010
min, 7> HEC_EiERGE 0.22 um MALIERE, BT 1.5
mL AR A, RISV, & H.
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BB D AR AL ASEIF RoER, 7
PR v R BC A A% 0.2 mg/mL HOVETR, B E A
WO 0.22 pm FALIENEE, BT 15mL AN, B

XIS, &
22 Y
221 (B4 KA Acquity UPLC BEH Cjs ffil
¥ (150 mmX2.1mm, 1.7pm), iz 0.1%FERK
W (A -2fiF (B), BHEEBENL: 0~15min, 5%~
40%B; 15~63 min, 40%~95%B; 63~65min, 95%
B; 65~65.1 min, 95%~5%B; 65.1~70min, 5% B.
FEIRL 40 °C, #EFEE 2 pL, AFE 0.3 mL/min.
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TN CH BRI R R IR AT S AR
1E, DA IR IRES 45 SR b 1 B HORS B P A E B
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+5500/-5 500 V, &EFUREE (TEMD 500 C, 2%
oL (DP) 100V, filif#gERE (CE) 45V, filif#
ReEZ N (CES) 15V, A&7 (CUR) 275.8
kPa, 54 (GSD) AHBIS (GS2) K /13474 344.8
kPa, %4 R4&NS A 70 min, % TOF-MS-IDA-
MS/MS 72 CREHWE . IDA B NAEET 100
cps [ 8 Ml T — il ash, &
Ja I m/z 50~1250. 1% AT 4
i, FFEAEE =ME (DBS).
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I EFHEY
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A-A. aspera of Anhui; B-A. bidentata; C-C. capitata; D-C. officinalis;

E-A. aspera of Jiangxi, same as Fig 2.

El1 UPLC-Q-TOF-MS FETFHERXEBETHRE
Fig.1 Total ion chromatograms of UPLC-Q-TOF-MS

positive ion mode

0 10 - 26 ’ 3kO‘ 40 - 50 66 70
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El2 UPLC-Q-TOF-MS fAEFRNXZEFRE
Fig.2 Total ion chromatograms of UPLC-Q-TOF-MS
negative ion mode
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Table 2 UPLC-Q-TOF-MS/MS identification results of compounds in different varieties of A. bidentata
oy N
%% tomin {Lamath AR miz (X‘ﬁ) méHT “HEH I ggﬁ
I 3082 achyranthoside D Cs3Hs2095 11175097 22 M-H 11175097,9554856,455.3521 A. C. D, G 2H
2 3272 achyranthoside B Ca7H70020 9534395 038 M—-H  9534394,7934326,4553503 A, C. H 2H
3 4344 28-deglucosyl-achyranthoside C CaHexO15 7934015 -0.1 M—H  7934015,6313815,4553508 A, C.D. G. H &
4 4344 betavulgaroside IV CaHexO15 7934014 -0.1 M—H  7934015,6313815,4553508 A, C.D. G. H g
5 4382 achyranthoside IV CaHeoO1s 7913867 1.0 M-H  7913873,631.3822,4553519 A, C. D, G\ H &
6 4382 betavulgaroside Il CaHeoO15 7913867 1.0 M—H 7913873,4673525,4553519 A, C.D. G. H
7 3401  achyranthoside E CagHnO19 9254441 03 M—H  9254441,6313816,4553512 A, C.D.G. H 2
§ 4474 28-deglucosyl-achyranthoside E CyoHeoO14 7633907 05 M—H 7633907631383 1,4553531 A, C.D. G. H
9 3347 MNBEHVa CaHee0n4 1934375 06 M-H  7934375,631.3817,4553527 A, C.D. G, H EH
10 347 EFR=LHR CaHesO14 7934375 06 M—H  7934375,6313817,4553527 A, C.D. G. H 2
113098  ABEHRo CagHr019 9554939 33 M—H  9554939,7934377,4553537 A, C.D. G. H
123098  3-O-Rha-(1-4)--D-GluA-28- CagHre0n9 9554901 -08 M-H 9554911,7934323,4715222 A. C. G H B
0-Gle hederagenin
13 2888 AHEEX CyHesO15 8094321 -1.0 M-H 8094320,6033902,471.3468 A, C. D, H B
14 4480  28-desglucosylchikusetsusaponin ~ CseHseO9 6313856 0.7 M- 6313856,6133786,4553522 A, C. D, G. H &#
IVa
15 3801  achyranthoside C dimethyl ester Ca9H6020 9834889 33 M-H  9834896,7934385,4553528 A, C. D\ H 2H
16 4410  oleanolic acid 3-O-f-D- CseHs609 6313853 0.1 M-H 631.3852,6133732,4553530 A, C. D, H B
glucuronopyranoside
17 2885  28-0-p-D-glucopyranosiduronic CaHeeO1s 8094334 0.6 M-H 8094320,6473770,471.3468 A, C. D, H B
acid-(1—-4)-B-D-glucopyranosyl
hederagenin
18 3225 F=tHER CyHuO1s 9254799 04 M—H  9254799,7634245,4553513 A, C.D. G. H
19 3225 HHBEHD CyHnO1s 9254799 04 M—H  9254799,7634245,4553513 A, C. D, G\ H &
20 3225 PABEHRT CyHnOs 9254799  -04 M—H  9254799,7634245,4553513 A, C. D, G\ H &
2 0B FREEA CyHnOs 9254798 04 M-H  9254799,569.3836,4553513 A, C. D, G, H &
2 N3 RAEEA CyHnOs 9254798 04 M—H  9254799,5693836,4553513 A, C.D. G. H
23 N2 3-0-0-L-Ara-(1-2)-p-D-GluA- CyHuO1s 9254807 0.5 M—H  9254799,7934405,4553513 A, C.D. G. H
28-0-p-D-Gle oleanolic acid
24 321 oleanic-acid-3-0-[p-D- CyHnOns 9254807 05 M—H  9254807,7934444,4553519 A, C. D, G\ H &
glucopyranosyl(1-2)-p-D-
xylopyranosly(1-3)]-p-D-
glucopy-ranosiduronic acid
5 M8 HASETRp CuHeO13 7634260 -18 M—H  7634255,6133738,4553519 A, C.D. G. H
26 4443 28-desglucosylchikusetsusaponin - CatHgO13 7634260 -18 M-H  7634255,631.3851,4553519 A, C.D. G. H E#
v
M M8 ERERA CyHpOr3 7634260 -18 M-H  7634255,601.3788,4553519 A, C. D, G, H E¥f
8 M43 HETFRIIC CaHeO13 7634260  -18 M-H  7634255,631.3851,4553519 A, C. D, G\ H &
29 M5T EEER CaiHuOr 7634277 03 M-H  7634276,6334004,4553532 A, C. D, G . H &#
30 3914 3-0-GluA-28-O-Gle gypsogenin -~ CaoHesO15 8074192 24 M-H  8074196,6453653,4673175 A\ G 2H
3 4131 SHREE CaHesOn2 8094701 25 M-H 763464 0,4553529 H B
R 49 3-0-fo-L-thamnopyranosyl- CaHeeO13 7774440 12 M-H 7774442,631.3883,4553528 A, C. D, G\ H &
(1-3)-B-D-glucurono-
pyranosylJoleanolic acid
33 3218  achyranthoside E dimethyl ester CsHuO19 9534751 32 M-H  9534751,7913620,4553425 A. C.D. G 2H
M B4 EHREC CagH7s0n7 9255187 32 M-H  9255187,7794619,4553506  H B
3 51 FHAR CyoHsO0s 4553531 02 M-H  4553531,3913013 A, C. D, G H B#
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36 4760 3-0p-D-Gle-(1-2)[[2-catboxy-  CyHrOu 939.460 2 08 M—-H  9394602,7914594,161.0122 G, H B

1-(carboxymethl)-2-hydroxy-

ethyl]-(1-3)]-p-D-GluA-28-0-p-

D-Gle-oleanolic acid
312676 WHASEEF CoHnOu 799.485 6 20 M—H  7994856,653.428 54913745 A B
8 3301 HEETEH R CysHrO1s 939.4950 100 M—H  9394950,7774428,4553543 A, C.D. G H 2ff
39 3305 3-O-fo-L-Rhamnopyranosyl- CysHre01s 939.495 1 -17 M-H  9394951,7934314,4553508 A, C.D. G H &%

(1-3)-B-D-glucurono-

pyranosyl]-28-0-f-D-

glucopyranosyl oleanolic acid
40 4550 AEHIREHD C3Hss0s 617.400 8 03 M—-H  617.4008,4553532 A.C.D. H B
41 6061  ABEH R CaHe0s 6214362 -6 M—H  6214362,153.001 1 A C.D B
2 N0 ABEHRp CoHnOn 783.490 2 11 M—H  7834902,637.4319,4753805 H B
$s R0 ABEHR CoHnOn 783.490 2 11 M—H  7834902,619.4189,4593101 H B
4 R0 ABEHRg CoHnOn 783.490 2 11 M—H  7834902,619.4189,4593101 H B
45 2107 HWELEFB CysHs2020 977533 5 08 M-H  9775335,6534302,4913730 H ke
46 2707 =LEER CyHsoO1s 931.5276 19 M-H  931.5276,799.486 1,4913730 H B
47 3361  sulfachyranthoside D CsHs0iS 11974651 09 M-H  11974652,9554923,7934333, C. H B

613.3548,455.356 3
48 4135 malonyl-SSe CysHnO1s 8954679 -07 M+ 8954679, 763.425 4 A C.D B
HCO0

49 3084 FRETHB CsHssOn 1101.5495 07 M-H  1101.5495,7934326,4553556 G B
50 3545 WEHEWT-8P-D-MIAEELE  CiHsOo 6333993 05 M-H  6333993,4713476 A ke
51 4851 HMEAZERR CysHs017 929.549 0 11 M-H  929.5490,6054462,4433717 C. D. H B
52 4655 LEMREE I CseHse0s 615390 4 02 M-H  6153914,4533454,159.0328 A, C. D. H B
53 4074 achyranthoside C CyHnOn 9554540 30 M-H  9554540,7934379,4553511 G B
54 4074 achyranthoside G CyHnOn 9554540 30 M-H  9554540,7934379,4553511 G B
55 4248 LEHIETA CoHysOn 7794592 06 M-H  7794592,6173961,471.6775 A, D. H ke
56 3103 FBEHI CyHs017 9155339 09 M-H  9155339,637.4282,4753790 H B
57 3103 =thEffFe CyHso017 915.5339 09 M—-H  9155339,783.4930,6374282 H B
58 3103 ABEHRG CHsiO17 9155339 09 M-H  9155339,7834930,4753790 H B
59 3103 ABEHRe CysHz:019 9615378 00 M—-H  961.5378,6374282,4753790 H B
60 6023 ABELRN CseHe200 6374325 06 M—-H  6374325,2552272 ALC.D.G H =Y
61 2881  vinaginsenoside Ry CysHs:019 961.539 5 18 M-H  961.5395,780.9703,6194235 H ke
62 4193  ABEHRd CasHsO1s 9455422 -07 M-H  9455422,7834428,4593945 H B
63 2523 =hEHK CssH01s 945.549 2 14 M-H  9455492,799.4984,637.4412 H B
64 4724 3-04p-D-glucopyranosyl CseHssOs 6174049 -16  M—H 6174053441366 9 H B

oleanolic acid
65 2807  3-0-p-D-Gle-(p-D-GluA)-p-D- CysHuOn 10154740 08 M+ 10154740,645.368 1,4373175 A, C. G B

GluA oleanolic acid HCOO
66 2568 ABEFRL CsHoO2 1077.5855 06 M-H  1077.5855,045.5453,783.5222 H B
67 2071 REH CyH30015 595.1657 -01  M+H  595.1657,2712009,85.0313  H B
68 382  ABEHRK CoHnOn2 765479 5 0 M—-H  7654794,6193927,161.0488 H B
69 4726  achyranthoside F CysHuOn 985.476 4 33 M-H  9854764,7634574,4553548 G, H B
70 2415 bomyl 7-0-0-L-ara binofuranosyl-  CaiHeOro 4470232 09 M-H  4472232,311.0755,1749596 A B

(1-6)-B-D-glucopyranoside
71 242  ABEHRes CuHnOis 815483 1 24 M-H  8154831,6534380,4913765 H B
72 2787  malonyl-acetyl-rotundifolioside B~ CsHs201 10875336 15 M+ 1087.5310,925.4890,471.3597 G B

HCOO
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73 1389  ophiopogoninD CaHnO16 8994655 23 M+ 899.466 4,855.434 8, 1469613 C. D B
HCO0
4 U3 ABEH R CssHor0 11075048 14 M—H  1107.5948,783.5076,179.0509 H B
75 2365  chikusetsusaponin Va methyl CHgOu 8534585 06 M+ 853458 5,601.409 7, 4713605 D B
ester HCOO
76 29.19  achyranthoside D methyl ester CsiHO2s 11315255 23 M-H  11315235,9654635,4693429 G B
77 1564 lyoniresinol-3a-O-p-D- CosH3013 5812241 03 M—H  581.2241,380.1587,2080744 D, G, H B2H
glucopyranoside
8 5150 fERm Cx0His03 4553529  -04  M—H  4553531,4093546,2552380 A, C.D.H 2%
79 4860 2p-FEAEAERE C3oHasOs 4133621 -09  MHH  4733621,4093424,2031781 A, C.D.H  BH
80 3724 HER CoHeOr6 813976 14  M—H  8214010,4993102,4569124 G B
81 5097 HENE CoHigOs 4603322 -02  M-H  4693322,4513217,3893220 A, C.D.H &%
8 1570 FREEH A CoHuOr 4793005  -18  M—H  4793005,461.2964,4432902 A, C. D, G, H
8 1560 KEEEE B CyHuOs 4952957  -13  M-H = 4952957,4412634,4332749 A, C.D. H S
84 1560  achyranthesterone A CoHuOg 4952057  -13  M-H  4952957,4772860,4332749 A, C.D.H &
85 1781 MHHEEH CooHuOs 5192964 01  M—H  519.2973,319.1906,301.1818 D, G i
86 1801  24-hydroxycyasterone CosHuOs 5352913 02 M—H  535.2913,499.2689,391.2238 A, G, H K
87 1801  sengosterone CosHuOs 5352913 02 M—H  535.2913,499.2689,391.2238 A, G, H K
88 5636 11k KE CoHyOs 3452060 33 M—H  3452060,277.2197,2592126 A, C. D, G\ H
89 1962  unknown sterone CasHigOs 5093115 -10  M—H 5093115473254 6 AL C.D. G H K@
90 1979  KHHEHA CoHi07 5073332 09 M—-H  5073326,319.1964,30L1811 A, G &
91 1979  KHKEB CoHi07 5073332 09 M—-H  5073326,319.1964,30L1811 A, G &
92 1765  makisterone B CosHaOr 4933173 05 M-H  4933173,319.1914,301.1805 A, C. D, G. H
93 5651  HETIEHEH CoHuOg 4612899  -19  M—H  461.2849,4432529,161.0270 A, C. D, G, H
94 2073 N-RX-UERRE AR CisHisNOy 3121253 37 M-H  3121253,297.0986,148.0543 A, C. D, G, H 448
95 513 (-)-(A-b)-l4a-benzoyloxy CxHasNOs 5083409 24 M—H  508.3409,184.0752,1041099 A, C.D. H 44
30,10p,13p,150-tetrahydroxy-
10,60,88,16p,18-pentamethoxy-
N-methylaconitane
96 2139 N-RA-FIEEEE3-FRAEEE  CuHaNOs 21347 -00  M-H  342.1347,327.1178,190.0517 A, C. D, G. H 448
97 1003 LELHHR CigHiNO; 2721282 04 MHH  272.1282,237.0947,209.0980 A, G Lol
98 621 thalifoline CuHiNO; 2080966 -10  M+H  208.0967,179.0674,151.0390 A, C. D, G, H 41
9 748 (+)-BRIEHSEH CoHiNO; 2081330 -10  MAH  208.1334,164.0800,1150557 A, G Eil
100 1609  N-trans-feruloyl-3- CosHzNO 5041858 <35 M—H  504.1857,342.1340,178.0530 C R
methoxytyramine-4-0-B-D-
glucopyranoside
101 6286  isomer of 14-O-acetylncoline CyHyNO; 4303313 -07  MHH  430.3312,120.0826,105.0704 C. G Lol
1022779 FEAER CuHiNO 281019 -001  M+H  228.1019,180.0807,115.0559 C. G HAH
103 995  FEM C14HiNOy 2600917  -001  MHH  260.0924,243.0012,227.0577 G HAH
104 3404  normuciferidine CisHioNOs 2981436 -05  M-H  298.1438,1789992,103.0564 A, H s
105 60.63 B CyHaNO;3 483158 -03  M—-H  4283158,1200822,81.0716  C. G Lol
106 169 HEEHEW CoHuNOy 3452067 <20 MHH  3452064,330.1832,173.0958 A, C. D Lol
107 1064  p-houmaroylagmatine CuHaN4O 2771657 <07 MAH  277.1657,132.0484,119.0492 A, G E L
18 1709  24,10-trimethoxy-dihydro-6H-  CoHyNOJo 5182019 -03  M+H  5182019,177.056 1, 1630756 A, G R
isoquinolino[3,2-aJisoquinoline-
3,11-diol-glucoside
100 488 (+)4-FH-2-TRHEA- A CoHiNO 1500914 05 M+H  150.0914,1340605,800520 A, H Lol
110 3974 delbruine CasHzsNO; 4662796  -06  MHH  466.2796,223.1338,135.0808 C. H Lol
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1 807 Feh CisHiNOs 230.0813 06 M+H  230.0813,2000732,1720716 A, D, G, H W
112 2839 EEZ CrHu0 331081 4 04 M+H  331.0819,297.0527,136.0167 G Lol
13 1104 N-FEEAR MR CisHisNO, 121175 0.1 M+H  242.1175,207.0965,178.0776 G Lol
114 6710 34-=HAERIEME CuHisNO 178.1227 0.1 M+H  178.1228,162.0360,91.0561 A, C. D, G, H 448
115 3903  gadesine CoHsNOs 4222538 0.1 M+H  4222537,223.1313,179.107] A, D, G, H s
116 1686  B-MEH-1-7HE CuHiN:0, 2410971 -0.1 M+H  241.0971,181.0752,167.0601 G HAH
117 2205  isomerof 7 8-trihydroxy-20-  CuHyNOs 4682589  —06 M+H  4682589,240.1079,1050708 A, G W

(hydroxymethy!l)-16-methoxy-

4-( methoxymethyl)aconitan-

14-ylacetate
118 3037  beiwutinine GHoNOn 6623167 06 M+H  6623167,549.2361,188.0801  C s
119 4726 55Kk CaH3sNOs 4222899 -0.6 M+H  4222909,208.0094,124.0410 C HAH
120 5956 Wi CisHn0; 2792342 45 M—H  279.342,261.2253 A C.D.G HIR
121 6193 k¢hilR CieHz0s 2552341 44 M—H  2552341,237.2348,62.0049 A, C. D HIR
122 6206 R CisH0; 2812485 05 M—H  281.2485,71.0255,61.994 5 A C.D. G HIR
123 514 TR CisHy0s 279321 42 M+H  2772185,193.1167,141.0944 A, C. D, G, H HH#
124 3798 2B3p,190,23-JUFAHE-12-45-08-  CaoHasOe 5033366 24 M—H 5033360,485.3264,4593472 A, C. D, G, H FHH#

P
125 431 2FEMIEER C30HiOs 4873420 04 M+H  4873420,469.32984253366 A, G, H HIR
126 4816 13- \B S5 CisHz0s 2952087 29 M-H 2952287,2772191 A.C.D. G HIR
127 18 HEER CeHiOs 195.0519 45 M—H  195.0519,99.0093,74.780 6 C.D.G HIR
128 206 HER CeHs07 191.0207 49 M—H 1910207, 111.0131,87.0149 ¢ R
129 6160 ki CiHn0s 2552333 12 M—H 2552333,97.939 6 A C. D FHE
130 913 WIWE3-FE CuHsNO, 1880705 04 M+H  188.0705,170.061 6,1440819 A, C. D, G, H &
3Bl 164 HER CoHiaN4O; 1751193 17 M+H  175.1193,130.0984,1160732 A, C. G, H HIR
132 3072 pinellic acid CisH305 3292342 27 M—H 3292342,2932139,171.1039 A, C. D. G. H AWK
133 169 HEER CeHisNOs 132.1021 18 M+H  132.1020,58.0709 A.D, G H HIR
134 5682 2-BHEASNER CigHn0s 2712292 48 M—H 2712292,195.1818,55.0249 A, C. D. G FHE
135 6523 THJEE: CisHse0: 2832640 08 M—H  283.2650,2652541,61.9922 A, C. D, G HIR
136 965 WM CoHs04 179.0357 37 M—H 1790364, 135.048 2 C.G HIR
137 4957 13keto9Z11E-octadecadienoicacid  CisHi0s 2932131 29 M—H  2932135,221.1547,205.1186 A, C. D, G HIR
138 827 HEER CiHiNa0y  203.0835 44 M—H  203.083 5, 142.068 3 C.D.G. H FHER
139 692 LR HIE CisHaeOr13 461.130 6 11 M—H  461.1306,298.0778,137.025 G, H FHER
140 5822 IFHME CigHx0: 2532185 47 M—H 2532186,1169311,99.938 A, C. D FHE
141 1800 HER CoHis01 473.0717 -18 M—H  473.0717,293.038 1,179.0373 A, C. H HIR
142 1297 WHE CioHio0s 193.051 5 42 M—H 1930514, 1340367 C.D.H HIR
143 57150 AR C3oHsOs 4553529 04 M—H  4553531,301.8827,2552380 A, C. D, H HIR
144 5972 WEHR CxoHig05 4533376 03 M—H  4533375,407.3311,2928248 A, C.D. H FHER
145 1041 FHEBHT CaHasOn2 459.1513 1.0 M—H 4553531,301.8827,2552380 A, D, G, H FHER
146 5097  3p,I6a-dihydroxylanosta- CoHigOs 4693322 -02 M—H 4693322,451.3217,3893220 A, C. D, H FHER

7,9(11),24-trien-21-oic acid
147 5664 ZTHRLER CaH300; 3012173 0.1 M—H 3012176,135.0888,83.0502  H HIR
48 98 GERm CigHisO 353.088 2 1.0 M—H 353.0881,191.0578,173.0472 H HIR
149 978 34-"BHERHR CoHsOs 179.0357 41 M—H  179.0359,135.0466,89.0450  C. G FHER
150 672 DR CoHiNOs 218103 1 -13 M—H 218.1041,146.0815,71.0556 A, C. D, H HHE
151 1805 F-R CoHig0s 187.098 3 40 M—H 187.0986,152.8887,123.0808 C. D HiE
152 4560 WEHRME C3oHuO 499305 1 =29 M—H  4993053,4553154,4093098 A, G HIR
153 310 L-BER CoH1NO; 182.0810 -1.0 M—H 1820812, 136.0768,123.0462 A, C. D, G, H F#l#&
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154 4507 ERER C30HiOs 4853261 =23 M-H 4853261 4133753652883 A, G HIR
155 1395 2-08-D-(6-O-FMBMMHE  CaHxOr 451,086 1 -46  M—H  451.0860,289.0317,1520133  C. H il

Ny I
156 6040  kikEubEs CigHx0: 2552316 -09  M+H 2552320,135.1199,121.1047 A, C. G, H FHER
157 4529 EMER CxoHig0s 4853262 =21 M—H 4853261,4413375,3652883 A, G FHE
158 4720 DRAR CyoHasOs 4873416 -6 M-H  4873421,469.3276,4293009 A, G, H FNE
150 4465  3-BEAME CsoHasOs 471347 4 -13 M—H  4713474,4352920,3912996 A, D HIR
160 4465 FRILXR C3oHasOs 4713473 -13 M-H  471.3474,4093175 AD HIR
16 1398 F§Z% CoHs0; 147.044 1 0 M+H  147.0441,91.0556,65.0432 A.C.D. G H HilE
162 600 KKNE® CoHiINO, 164.072 1 22 M-H 1640722,103.0623,77.0480 D FHER
163 309 HNEGR CoHs0s 165.054 6 -04  M+H  165.0547,120.0583,103.0550 A, C. D, G FHE
164 6359 ++LE CrH30; 269.2499 48  M—H 269.2499,116.9299 A.C.D. G FNE
165 5440  M-linoleoyl-4-aminobutyricacid ~ CxHsNOs 364.285 4 -0 M-H  3642853,3182761,102.089  C. G, H HIR
166 162 DLKER CoHiaN4O; 173.105 2 44 M-H 173.1052,131.0803,789629 G HIR
167 3785 26-hydroxyporicoic acid G C3oHes0s 501321 1 -2 M-H 501.3211,4652971,4393201 A, G HIR
168 167 HEE R CeHi0s 209.030 8 24 M=H  209.0308,85.0365,71.020 4 A C.D. G H FHhRE
160 61.00  hydroxy behenic CoHuOs 3553225 20 M-H 3553225,3373048,3093200 A, C.D. G H FHHE
170 566 LEWAR CHINO; 164.0722 30 M-H 1640722, 1478966,103.023 D FNE
171 6075 §1L14-ZHH=km CaH3:0: 305.248 8 07  M—-H 305.2488,71.0168 G. H HIR
11 2938 EER CsHs0s 169.049 6 06  M+H 169.0500,108.0202,81.035 A, C. G. H HIR
173 6556  hydroxy-tricosanoic acid CoHgOs 3693372 -07  M-H 369.3365,323.329 4 A C.D.G.H FHHE
174 305 KFE C7Hs0; 123.0442 08  M+H  123.0446,77.0417,51.028 4 G HHIE
175 868  HETHE CigH2010 373.1143 07  M-H 373.1143,211.0601,153.022 A, D. H B
176 644 FJLREE ST Ci3Hig0s 3150716 -18  M—H 3150714,153.0172,1090330 A, D, H FNER
177 5908 AR CaH0; 3032328 -05  M-H 3032327,109.0826,79.9635 A, G. H HIR
118 848 TEM CoHio0s 199.059 5 31 MAH  199.0595,152.0626,125.0243 A, D, H HIR
179 986 %TR C7H1Os 191.0570 47  M-H 191.0570,1458990,109.0334 H HIR
180 661 FHEEEEHH CisHis0 329.087 8 01 M—H 329.0887167.0344,1520134 D, H B
181 4860 (iR CyoHasOs 4733621 -09  M+H  473.3619,4273442 A C.D.H FHER
182 1430 RRA2-T-HECR CioHaOs 271299 45  M-H 227.1299,116.0556,59.0235 A, C. G. H FHE
183 4517 +ABCR CieH00s 285.208 4 45  M-H 2852081,267.1891,2232125 G HIR
184 993 3BEEFR C7Hs03 139.039 3 26 MAH  139.0395,93.0336,65.043 5 A G FHER
185 2085 EEm® CuHioNOs 280.1192 05 M-H 280.1203,192.0669 D HIR
186 1328 4-0-p-D-(6-O-EMEEMEE  CulnOn 465.1019 -42  M-H  465.1019,280.0508,169.0183 A, D, G FHER

EER
187 6335 fekim CaHs0: 311.294 4 -0.1  M+H 3112951,149.146 1,123.1182 A, C. D. G HIR
188 4551  7-methoxy-p-carboline-1- CsHiN0s 2711076 04  M+H  271.1076,206.0982,1050716  C. G FHER

propionic acid
189 6005 +hkiE CisHx0; 2412175 08  M—H 2412175,96.9630 A C FHER
190 4568 12-phenyldodecanoic acid CisHas02 2752027 38 M-H 2752027,1389116,1159244 A, D, G FHER
191 6532 TERH g CoHs60s 351253 3 =22 M-H 3512533,283.2698,55.0410  C. G FHER
192 57132 WEER CuHas0; 2272015 08  M—H 227.015,99.943 3 61.998 3 A C.D HIR
193 573 W@ CuHas0; 2272015 08  M—H 227.015,99.943 3 61.998 3 A C.D HIR
194 6129  BHE=HE CoHao0s 3112963 23 M-H 311.2966,183.0097,1169353 A, C.D.G. H HH&
195 3159 4-demethyldes-oxypodophyl- CrHiOn 547181 1 01  M+H 547.1811,311.0927,301.0720 A, C. H Kz

lotoxin4"-O--D-glucopy-

ranoside
19 4098 EI-EMmmEALE CaHaO¢ 357133 4 04  MFH 357.1332,221.0598,192.0428 A, C. H I
197 2153 E34-“HEMENER CiiH10s 209.080 8 -01  M+H  209.0808,178.0248,1650730 A, C.D. G. H A&
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198 3.09  4-FEE-3HR - CoHs0s 165.054 6 -04  M+H  165.0547,119.0520,77.0419 A, C.D. G KfsZ
19 1909 REWZAFL CaoH07 419.1346 23 M+ 419.1346,223.0637,150.0352  C. G. H AR
HCOO

200 3404 NQU-BEEE)LFEZEHN  CsHoNOs 2981436 -05  M+H  298.1436,191.9998,103.0560 A, H UNFS

FERERE
01 6033 4FE3-FEENER CioHio0s 179.070 4 07  M+H  179.0704,118.0426,89.0412 A, C. D, G. H AJ§%
200 2866 AT CasHie0s 517.244 4 22 MHH  517.2440,166.088 5, 1200815  C K%
203 2493 HAFE CoHnOs 4151384 -08  M+H  4151398,309.0793,181.0494 A, H K%
204 2506 MEGHEE CiHiNO; 2841279 06  M+H  2841279,147.0449,121.0644 A, G. H VN
205 3074 FEHEETB CxuHuOn9 7572587 50  M+H  757.2587,611.6623, 1810495 A, H YN
206 2821 KTEEZ CoHaeOs 4191695 14 M+H  419.1701,383.1472,249.0579  A.D. G H = AJg%
207 4028 epipinoresinol-4-0-p-D CoHOn 5212002 29 M+H  521.2002,3289649,1500624  C. H YN

glucopyranoside
208 1462  dendranthemoside B CioH0s 3892167 07 M+H 3892167, 149.0063,109.071 8 A D VN
209 2933 lanicepside A CaHx0n 5392097 -48  M+H  539.2098,283.0413,177.0533 A H VN
20 2402 S-ZBESE-GAEMEIRE- CuHanOy 373.2374 00 M+H  3732374,283.1783,1780728 A VN

1458
211 3907  randaiol CisHuOs 2431017 05  M+H  243.1007,1650711,77.0433 D, H YN
22 941 TER CioHi0 165.001 1 03 M+H  165.0910,135.0425,119.0400 H YN
03 18 RIKER CisH:0¢ 291.086 3 -01  M+H 2910863, 179.065 7 H YN
24 4024 57 84-NHEEEEH CioHisO¢ 3431178 04  M+H  343.1177,283.0615,2190334 A, C. G H
215 1699 rhamnosyl-glucosyl-apigenin CarHas014 575.1412 0.9 M-H 575.141°5,267.066 8 A C G i
206 2581 473567 =HEAEEEH CisHi606 327.0877 09  M-H  327.0885,2060765,234.036 4 A C.D.H B
A7 3924 FhuE CiHu0 3150871 26 MAH  315.0871,285.0402,253.0518 A, C. D, G, H
208 2068 WLZEE CigHin06 299.057 1 32 M—-H  299.0576,284.0334,151.0023 A, C.D.H  #
29 1555 T-RERFEE CioHs03 177.0547 05  M+H  177.0548,134.0362 A, C.D, G H ¥
20 1720 HEME CyHi0014 577.156 8 10 M-H  577.1568,415.0991,269.0816 C. G ]
nloo12T ERE CatHaoOy 415.103 3 03 M—-H  415.1030,253.049 7 C i
20 4021 Bk E CaHnOs 403.139 6 21 M+H  403.1400,279.0906,217.0843  C. G, H ]
23 1467 L% CyHa0014 577.156 5 04  M-H  577.1565,431.0968,2850592 G #
4986 KEET CiHis0s 353.087 1 -0  M-H  353.0867,191.056 0 H ]
25 1708 WEE3-0-RARH CaHOn 4470924 21 M—-H  447.0923,301.0340,151.0061 A, C. D. G. H ¥
226 2198  6-hydroxy-kaempferol-3-methyl CoHnOn 4791180 08  M+H  479.1176,317.0670,302.0433 A, C. D. G. H #F

ether-7-O-glucoside
227 2887  6-prenylquercetin-3-O-glucoside  CagHasOn2 533.165 4 00  M+H  533.1654,329.1057,255.0603 A, C. H ]
28 1906 KILE CosHnOs6 623.1619 02 M-H  623.1613,3150532,2710240 G, H ]
229 920 4-BEIE-1-B - E CuHiNO; 190.086 1 -10 MAH 190,086 1,175.0620, 147.0678 G ]
20 1505 G CaHooO12 463.088 2 00  M-H  463.0882,301.0298 A H i

AR, C-WANE, D-LLAE, G-I, H-IL 401,

A-A. aspera of Anhui, C-A. bidentata, D-C. capitata, G-C. officinalis, H-A. aspera of Jiangxi.

ZJEWI R B (3) Cao-Cop Wi 5 MU F . DA
achyranthesterone A N, HAEHEFHEAT, 74
495.2957 [M—H] ", KRHBBEE 1590+ H0 J5 1)
477.286 0 [M—HO—H] WL 2 1 437 H.0 A1 1
43 COy J5 ) 433.274 9 [M—H,0—CO,—H] %,

Hr7 4 m/z319.191 1. 301.145 1. 159.042 3 HI4FAE
PEZW T B, G MICCHERRaE Y, HENIL A

achyranthesterone A .

253 ABAEMISEOE AR SCERIED?,

FHIA R EMEN G 5B FlE SR
CoH/N BUNH3 7% 4E [M—C,HsN] 8 [M—NH;+H]*
RHIET B 1o LAEH 20N, 2RSS FHREUT,
PR 272,128 2 [MA-HT U, FHHIR 237.094 7 [M—
NH;—H,O+H]* 209.098 0 [M—NH;—H,0—CO+
HJ'\ 161.0604. 143.049 7. 107.051 | Z5454ERF T B8
T, A5 FSCHERREDS,  HEI A 2% H S 2500 .
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