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Abstract: Objective To identify the saponins in the rhizomes of Anemone davidii by ultra performance liquid chromatography
coupled with time-of-fight mass spectrometry (UFLC/Q-TOF-MS/MS). Methods The separation was performed on UPLC Welch Cg
column (100 mm % 2.1 mm, 1.7 um), with a mobile phase using 0.1% acetonitrile (A) and water containing 0.1% formic acid (B) for
gradient elution. Q-TOF/MS and electrospray ion (ESI) source were applied for the analysis under the negative ion mode, and the
running time was 40.25 min. Using target compound screening method, the structures of monitored chemical constituents were
identified by retention time, exact relative molecular mass, and cleavage fragments of MS/MS. Results Fifty-two triterpenoids were
separated and identified from the methanol extract of A. davidii, 47 triterpenoids were identified for the first time from 4. davidii among
which nine pairs of structural isomers were included. Conclusion UPLC/Q-TOF-MS/MS method can identify the main chemical
constituents from A. davidii rapidly and accurately, which develops a new strategy for identification of the chemical constituents in A4.
davidii.
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Fig. 1 Structures of six reference substances
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Fig.2 Total ion currents for mixed reference substances (A) and MS/MS spectra of Pulsatilla saponin D (B) and saponin X (C)
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Fig. 4 TOF-MS total ion chromatogram of extract from A. davidii
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Table 1 Identification of chemical constituents from rhizomes of A. davidii
B nimn o MWEE o TR S SRR Th
1 14.95  1381.664 5/1427.6700  CgsH,0605; g EEfE T D* 9
2 1592 1235.6066/1281.6121 CsoHoeOy7 g EBLE P 10
3 1737 1351.6539/1397.6594  CesH,0405 huzhangoside D 11
5 19.33  1498.719 1/— CyoH,14054 FIkmifede s D* 12
8 20.07  1365.6696/1411.6751  CesH 6030 P i 21 rR8® 4
9 20.58  899.500 9/945.506 4 CuHzqO17  737.4516,576.4027,  #HBEBTIIC 3-0-B-D-MIGHME-(153)-0-LME 11
472361 3,101.024 5 THZTHERE(1—2)-0-L M T b o A B
11 2125  —/1249.6222 CsoHogOs WHREZT B 3
12 2131 1219.6117/— CsoHoOps  1074.558 0, 1 057.546 4, Flff21F B 13
749.446 2, 587.393 0,
469.154 1, 455.349 7,
101.026 8
13 2131 1265617 1/1311.6226  CeHogOps 1 119.561 8,957.499 2, s 21 B® 2
795.454 5, 663.805 5,
619.385 4, 487.258 2,
471,994 5
15 2203 865.4955/911.500 9 CyHnuOrs 733.4521,587.3937,  prosapogenin CP4* 8
569.383 3,455.351 1,
101.024 5
18 2230  1071.5454/1117.5436  Cs3HguOpn  941.4215,925.4472,  rivularinin® 14
765.439 9, 633.402 0,
603.389 8,471.348 9
19 2345 955490 8/1001.4962  CuHyOpo 763428 8, 7474323,  FFIURWR 3-O-p-D-ME W M 25 R 1R 28-0-p-D-tt 15
601.3751,471.3489, W #%i-(1—6)-B-D-Mt IR A 4554 4 *
469.332 4, 101.026 3
20 2416 1103.5643/1149.569 8 CsHggOp3  957.5002,942.524 4, FHAHLFR 3-O-B-D-RHLI 7 255 1k 1k 1 HY i 28-0- 16
865.5073,733.449 1, a-L-MI F =B -(1—4)-B-D-MH: I 7] 25 k-
469.1549,454.341 1,  (1—6)-B-D-NH I w4 4
323.096 4
21 24.86  941.518 8/987.5170 CyHzO15  795.4521,633.3993,  HHBEETTIT 28-0-0-L-IL I i 40E-(1—4)-0- 9
471.346 0 B-D-Ht e #5122 4 -(1— 6)-B-D- L I 4 2 B4
23 27.16  1043.5432/1089.548 7 Cs;HgaO, 881.4890, 7654415,  FIHiMife4cts C* 13
603.3879,471.345 5
25 2770 957.5064/1003.5119  CuHs019 911.4965,765.4403,  HFHBEEH T 2B-F155-28-0-a-L-M L 2Hi- 17
749.4439,603.386 2,  (1—4)-B-D-Mt IR i A% °
585.376 1,471.344 4,
4233249
27 27.84  897.485 3/943.490 8 CyH:4017 765444 0,747.4306,  anemonerivulariside A® 18
603.386 4, 471.347 1,
4233255
28 27.98  —/1087.5330 CsHgOy  763.4267,601.3727,  GMHHGETEH C* 19
469.331 5,471.348 1
30 28.66  633.400 8/679.406 2 CyHssOy  453.4076,471.3475  WAMERATIC 28-0-B-D- MR # A HE T * 20
31 28.67  909.485 3/955.490 8 CyH740p;  765.4420,7474310,  narcissiflorinine® 21
603.388 2, 471.346 0,
4233289
33 29.16  749.448 15/795.453 63  CyHeOpn 603.3874,585.3778,  o-fdifg gty »°
471346 3, 423325 6
34 2933 —/825.4642 CyHeO13  779.4528,617.4029,  FFHEURER 3-O-B-D-Mt M- FUHEHE-(1-3)-B-D- 22
599.392 4,471.344 6, WL AREE
4393162, 101.024 7
35 2935 1203.6167/1249.6222 CsoHocO»s 1057.583 8, 895.494 0, 11 1i%& % D* 23

733.452 0, 587.383 5,
455.3555,437.286 6




+ 1384 ¢ ¢ &% Chinese Traditional and Herbal Drugs 3£ 45 % 25 10 ] 2014 E5 A
gx1
. ol o Py
e 2 IR W ) o
&% tx/min [M—H] /[M—HCOO] SN B LR ik
36 2953 1057.5588/1103.5643 Cs3HgeOy  895.4942,733.4521, Mgty C3° 9
587.391 6, 569.386 6,
4553532
38 29.60  603.390 2/649.395 7 CysHsOg 471346 8,101.0238 i FRMEEAF G 3-O-a-L- BT H AR
39 3027 795.453 6/841.466 3 CpHesO14 633398 8,471.343 6,  ZHUMR A SH A® 24
101.024 2
4] 3074  —/781.4743 CyHgOyp  735.4695,573.4208,  FFHAHIR 3-0-0-L-MEM R 20E-(1—2)-B-D-EWG 16
4413363,101.0266  FifrfApis ®
43 3110 601.4109/647.416 4 CiHsO; 4554235 FLIR 3-0-p-D-NLI fL 25 H 1T 25
44 3120 927.53228/973.53775  CuHgOy7 765478 8,603.4264,  FFHIHM: 28-0-0-L-AH I 4B (1-4)-0-B- 16
4573649, 101.027 8 WEE i 2 57 (1 — 6)-B-D-PH WA i 2 B ©
45 3149  4713479/517.353 4 CyHiOs 4233131 AR T
46 31.86  925.516 6/— C4H75047 cussonoside B* 9
48 3219 487.3429/533.348 3 CioHyOs  471.284 8 20, 3f, 23- = J2HL-12-05-28-F B R AT 26
51 3327 485.3272/531.3327 CyHiOs  467.3161,423.3270  HEME B 27
52 3443 455.3530/501.358 5 C30Hu50;5 Fl g

a-HXANZHED T RIS b-X b, R R

a-compounds of firstly discovered in 4. davidii b-reference substance, same as following table

W 35 SN0 B 1 m/z 1 203.616 7 [M—
H], 7T LU 5> 728 CsoHogOass 7742 THE S
T m/z 1 057.583 8, 895.494 0, 733.452 0, 587.383 5,
455355 5, 437.286 6, X} [M—H—Rha], [M—H—
Rha—Glc], [M—H—Rha—Glc—Glc], [M—H—
Rha—Glc—Glc—Rha] 1 [M—H—Rha—Glc—Glc—
Rha—H,0] . 1] LA 255 BRI B Ak A5 W KR AE 25
1 miz 455.355 5 A4, [FIISS m/z 895.494 0 FX I
BT X 0 T3 TR, 45 G 8dRFEILAD,
Wi 35 T A % D,

I 12, 20 ) MS/MS £di W& 1, 2 ANE5 5
Y5 TRRAERE F miz 455.349 7, 455.341 1, 1] LL3| Wt
HFFEORIR RS, 0 R LIR30
X, B EFEEANE . SRR AT . S5
RGBT XA, RO PEAS R A T 0 12,
20 435 g HHRk 2T BRI SR R 3-0-B-D- M i 7
ARSI PG 28-0-0-L-ME I Sl 250 -(1—4)-B-D-itk
I 4] 265 8- (1—6)-B-D-Et Tt 2 A 0L

& 36 1 T2 TN m/iz 1 057.558 8 [M—
H], Iniék m/z 1 103.564 3 [M+HCOO], 74
THWEF BT miz 895.494 2, 733.452 1, 587.391 6,
569.386 6, 455.353 2, XN [M—H—Glc], [M—H—
Glc—Gle], [M—H—Glc—Glc—Rha], [M—H—
Glec— Glc—Rha—H,0]” #1 [M—H—Glc—Glec—
Rha—Ara] . #EWTIE 36 Al Foin2iF c3. g 41
(K153 T 8BS TU& m/z 781.474 37 [M+HCOOT ", [AIFE(K)

JHEHEWTIE 41 K55 HIRIR 3-0-0-L-ME IR B 20 -
(1—2)-B-D-nH g Fz A gL

U 40 F1 47 181531 25T U653 A m/z 587.395 3
Ml m/z 587.394 6, W27 A CisHseO7,  HLFFHURIR
% 162, NSRRI T LER T 1 o 1%
B, ZRWE R T miz 455.313 6 [M—H—Glc] Al
m/z 455.281 5 [M—H—Xyl] . & 49, 50 EAHI[H
153120 BRI o TR TR miz 779.458 7 [M+
HCOO] Hl m/z 779.455 7 [M+HCOO] I 1 il e . U
40, 47 FE 49, 50 KWk 2 X F o eafhk, 456
PRI LR S8R FEDTRL, HfEWTIE 40 Fi 47
fatsiaside APVEGFEURIR 3-O-B-D-MEM AR T2, g
49 150 Sy Tuhndr KMYsrr 15 & i 25 B, i 43 11
ST TS miz 601.410 9, ELFFIEIRIEZ 146,
TR R AL I &, HEWT ST
R 3-0- B-D-Mt i LA ),

322 DUWEHBEEH N EIZ 2 H LAY MS/MS
IrHT U826, 33, 38, 45 43 WK T R Sk S R

T D, o-HHBEET . WHRBER T 3-0-a-L-NEEET
PRI . WRBEEF . 7 M0 T8 T84 m/z
911.500 9, 5 F1kEy 2+ D AL, H-EATH R A
BT HPEKE T D MRS R, KR A,
W7 A H AR BE R A IC 3-O-B-D- Atk W 4 25 Bl A -(1—
3)-0t-L-MHE R B A B (1—2)-ou- L-E MR BT R AP 1,
W 4 F 14 fER AU B TGS 10 T
Ty m/z 1 073.553 2 [M—H] 11 073.553 8 [M—
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Table 2 Identification of isomers from extract of rhizomes of A. davidii
A5 WS f/min [M_H’]f%‘[}”ﬁ_icoor TR i s o
ISO1 4 1830  1073.5532/1119.5580  Cs;HgOy  911.5060,749.424 5, JIIE:WiE15 2 * i B-L 21 D 31
603.387 4, 469.155 8,
451.1411,471.345 2,
101.102 6
14 2202  1073.5538/1119.5592  Cs;HgeOp  911.506 8,749.4250,  JIIE:Wi21i 2 * i B-L 21 D 9
603.387 6, 469.156 2,
451.140 7, 471.345 6,
101.102 9
ISO2 6 1936  881.497 6/927.495 89 CuH74016 765439 1,603.3872,  prosapogenin CP6 BL# B2 H JC 3- 32
471346 4,4233271  O-B-D-MLI % HE-(1—3)-a-L-MHEIH 31
- (1-2)-0-L-PE I B AF o
32 2879  881.4904/927.495 89 CuH74016  765.439 6,603.3879,  prosapogenin CP6 BL# B2 H JC 3- 17
471346 9,4233262  O-p-D-MEIZHE-(1—3)-0-L-MHIR
PR -(1—2)-c- LNt T o {1 Bl
ISO3 7 1971  911.500 9/957.506 4 CyHgOp;  765.4393,749.4472,  HHBEEFIC 3-0-B-D-I IR 2 FiIL- 30
603388 0,585.3790,  (1—3)-a-L-MEM B A MHE-(152) -
4713452,4393205,  a-L-MEMERT A BT
4233235
26 2770 911.500 0/— CyHOp;  765.4400,749.448 4,  FL&21 DY
603.390 0, 585.379 4,
471348 3,423.3250
ISO4 10 2084  927.4947/973.501 37 CyH7015  765.4423,603.3883, A2 D' sl HFRELHIC 3-0-p-D- 33
499.3417,471.3457,  WLRIHIAHE-(1-2) [B-D-Mt R 7%
275.0777,101.027 6 HH-(1—4)]-a-L-IHk i Bl Sz AP 4
222702 927.4958/973.501 37 CyHgOr  835.3595,765.4540, Al D' HF B L0 3-0-8-D- 10
749.4292,603.390 1, Mk 4B -(1—2) [B-D-MEMG i %
557347 4,471.346 5,  BE-(1—4)]-a-L-HE I Bl Sz A 44 2
113.0252
ISO5 16 2204  1335.6583/1381.66453  CesH 04009 huzhangoside B* B} huzhangoside C* 8
17 22.04 1335.659 0/1 381.664 53 Cg4H 0409 huzhangoside B* B{ huzhangoside C* 8
ISO6 24 2734  765.4412/811.448 55 CyHeOp3  603.3862,471.3444  HLFHHE AT B 5 HN-saponin F* 9
29 2843 765443 1/811.448 55 CyHgOy3  603.3892,471.3458,  H-JF524F B* 5 HN-saponin F* 10
101.025 7
ISO7 37 2954  895.4999/941.511 54 CyHO1  749.448 1,733.4473,  saponin X*°
587.390 6, 569.380 6,
455349 3,101.026 0
42 31.03  895.509 3/941.511 54 CyH01  733.4536,587.4536,  PIHi&ME A 4
4553512
ISO8 40 3027  587.3953/633.400 81 CysHsO; 4553136 FIHRIR 3-0-p-D-M M AT * a1l 9
fatsiaside A*
47 3196  587.394 6/633.400 81 CysHsO;  455.2815 FIRIR 3-0-p-D-M M AHETF * a1k 28
fatsiaside A*
ISO9 49 3240  —/779.4587 CyHeOy  733.4523,5713974 LA K T &£ B® 4
50 3274 /7794557 CyHegOn 733450 6,571.396 1 FnE KT &EREB® 29

H], (A BEAS DU 200 S m/z 1 119.558 0 [M+
HCOO]™ #11 119.559 2 [M+HCOO] ", 73
N Cs3HgeOn2» W& 4 [RIFEF 8 T8 m/z 911.506 0
[M—H—Glc], 749.424 5 [M—H—Glc—Glc],
603.387 4 [M—H—Glc—Glc—Rha] ", 471.345 2 [M—

H—Glc—Glc—Rha—Ara] , m/z 469.155 8 i & i
EAF IO m R e A N IR B 2E 2 43 T H R
XU P AR B, miz 451141 1 WEH mi/z
469.155 8 i 2 1 20 F/KIIWEF 5 m/z 101.026 0 7
AR IL R, IR T R R RS
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VIR IR BT m/z 471.345 2, W& 14 (F) R
BT 506 4 ML, HEWTIE 4 F0 14 04 1 xR 2 A,
IARIE PRI —5, B B ESR . 4% MS
FMS/MS Hidin LS5 5l PR 0 T, HETIG: 4 70 14
I3k NS 2B e e B bty DP

T 5 R SRS R D ) MS/MS %7 E
ONT, & 23 5 T T8 miz 1043.5432, LA
SLEEH D £ 132, 4T m/iz881.4890 [M—H—
Gle] g, LR 5 A LS 21 D AHIE, Flkrig
23 (B AT AL LT CLPL, W 21 (4> TR T
Ut m/z 941.518 8, F= /LR ¥ 795452 1 [M—H—
Rha]’, 633.399 3 [M—H—Rha—Glc]” H1471.346 0
[M—H—Rha—Glc—Glc] , #EWrEHZ FiER:T 2 4
TP 1 707 WL g 9. 25, 27,
39 ) MS/MS %i¥is W3 1, @ L aLE B Y
WZ o B e P A TR 2, HENTIE 9. 21, 25, 27,
39 433 kW AR R UG 3-O-B-D-ME IR AZ - (1—3)-
oL -MH R 1 247 B -(1—2)-ou-L- LR B AP B .
FWERTIC 28-0-0-L-ME IR 2= Bk -(1—4)-0-p-itk
V5 3] 26 B - (1> 6)-B-D-ML M A 2 BP0 3 25 7 2
16 2B-F25E-28-0-a-L-ME MR B 28 55 -(1>4)—B-D-
ne iR A5 25 BE1F 7). anemonerivulariside!™ . 22 UR
AR APY,

W 6. 32, W 10, 22 Fllg 24, 29 Ky 3 XF[E4>
SR, BAARPIR o 7B T, ko) L AR B I
()45 2 53 7 IR M 22 S DA R 5 50) B 11 Sk & 2 1
D FIH B RERAFIC 3-0-o-L-AHk W ] 437 41 B 7 F 1
R, 2t MS/MS £cdls, HEWT g 6 F1 32 24
prosapogenin CP6PX a2 24 I 3-O-p-D-NLit%
B e -(153)-0u-L- 1L W 27 26 0 45 -(1—>2)- - L- FEE i o]
PR, U6 10 A1 22 R AT G 3-0-B-D-
EL e 6 725 B -(1—2) [ B-D-E R 7 28 B -(1—4) ]-a-L-TILE
Mg o] oz A B2 B A T 2 1 DY, 0 24 Fi1 29 gt
Fha e gy BPlag HN-saponin FUo,

I 30 25 T m/z 633.400 8 [M—H] 4> 1 1 -l
Hl m/z 679.406 2 [M-+HCOO] ¥ 0, X5
Jitt b 3-0-a-L-MERGRT Hr AT H #2172 30, b
WS 2 162, FIBZAH T C-28 BREERRRAE
F mlz 453.407 6 [IM—H—Glc—H,0], #EHri& 30 1k
B 28-0-B-D-NHLIHG SR AT 3 AR e 0,

4 g

ARSERFE T A G RTAE N 2> 1 B, A0 A

AR BAF T EAT A, B PSR AR,

VU R ALDE AR 2P I LA e T 52 Mea ), H
o 47 ANEZAEYI T E ORI, S 9 X E S A
UPLC/Q-TOF-MS/MS iRz, 45 Vg s 4k
PRELIAL 2 A S e B T — s Rl HER IR 43
Wriids, 7 IERRE R BRI [R) N 58 LA 27 B AY 53
B AR, e T DI 240 A Rl 48 5l 1 S Bl ik
P, [ S DY R A AR 20 2 415 1 R 4 43 19T
PROL SR AL SR 5 A (5 2, VG MR AR 25 24
R S S AR LRI L3R A T 8 S . 4R
105 SLA R 3BT vk —FE, T IEARAE—E MR PR
PR, e AP LA Y, TEVHER A
Wbl BL (AL E . O T IR AW HER 4544,
T B — D i S AL IR AR AT 2 HT

SE
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