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SYUREECN 1 15 SRA HPLC-DAD A28, KA 272 nm. 5% R HPLC-Q-TOF-MS i:%52 T &80 A 1) 41 FhF 2
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Analysis of main active components in Desmodii Styraciflii Herba by HPLC-Q-
TOF-MS and HPLC-DAD

LAI Li-chang, LIN Yu-ying, CHEN Feng-lian, LAI Xiao-ping
School of Chinese Materia Medica, Guangzhou University of Chinese Medicine, Guangzhou 510006, China

Abstract: Objective This study is aimed to establish a high performance liquid chromatography coupled with quadrupole-time-of-
flight mass spectrometric (HPLC-Q-TOF-MS) method for analyzing the main active components in Desmodii Styraciflii Herba, and to
establish an HPLC-DAD method for simultaneously determining its seven flavonoids compounds (schaftoside, isoschaftoside,
vicenin-2, isoorientin, isovitexin, luteolin, and apigenin). Methods The analysis was performed on a Phenomenex Kinetex Cis
column with a gradient elution of methanol-0.2% aqueous formic acid at the flow rate of 1.0 mL/min. The column temperature was 40 °C.
The Q-TOF-MS discriminant analysis was performed under negative electrospray ion mode and the split ratio was 1 : 1. Quantitative
analysis of seven compounds in Desmodii Styraciflii Herba was carried by HPLC-DAD. The determination wavelength was at 272 nm.
Results Forty-one main active constituents were separated and identified by HPLC-Q-TOF-MS, including 37 flavonoids compounds
and four phenolic acids. A HPLC-DAD method was successfully developed for determining seven flavonoids compounds. The
standard curves for all seven compounds showed good linearity with correlation coefficients higher than 0.999 0 within the test ranges.
The average recoveries (n = 6) were between 96.7%—102.4%, and RSD < 4.94%. Conclusion Analyzing the main active
components provides a significant guidance for the substance basis research of Desmodii Styraciflii Herba. The HPLC-DAD method
for simultaneously determining seven flavonoids compounds is accurate, reproducible, and provides the basis for the quality control of
Desmodii Styraciflii Herba.
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PUbR IEAIIR. FIKIEM. HEAEDIRL TR
RYUBGe. WIRARGE A BAKM. [HFERED,
FEIRERPETZ RN o, TS8R EPUR
FIERZS CRWGE R TRAE AL FIRERRD
1 & ZFE AL

R R SRS B, 22t
fih— B AR S 2 — . (REZ ) 2015
S R ) e B A R R T A R AT R
il SR, T AEREAFEE RS, A
SE T T ME ARAE S SR B T s A RelRII X 2
ANZRURAY E AT, AT DA 4 SR B
JRfE. BEAR, WERMMERENEY R &%k
B BB R . R A AT TR R A e
vk (UV), #EaEE (TLC) BRSOt
W% (HPLC) WO WERH (LC-MS) 4773
X R B B S A AT e T B AT . (HR H
AT SR 25 XU R SR ORISR, B
X E R TR R R AT E AT TR,
o RCBUAH 3 - DU B AT - "R AT B TR AR R BT 1% (HPLC-
Q-TOF-MS) HiAR A RIRZHIE MR A3 PR 43
B2 0 1 FB . AT KA HPLC-Q-TOF-MS
IR G AR R B R AT e o H, 0
e B S BRI R, IR b, T
[F AT kL 7 NI ERZE RS ) HPLC-DAD
it ORI ESERE R R A S .
1 XEEHR

Triple-TOF™ 5600" = & PU Al #F K AT I [ 3 1%
(E[H AB A7)); LC-30AT WiAH M (H A B EEA
7]); LC-20AT WAt (H A E/AF); BP211D
Sartorius HL ¥ K- (f#[F Sartorius A H]); 0.22 pm
ALIEE CREBHEB LR R A AR A D;
KQ-300DE R 4% A i v ay R T A A
HIRATD; SHZ-D (1D fEHFKRESTEE (i
THAFARAT D JIREE AL Il
RLHAGMWATD; WP-UP-YI-10 JREFA B KHL
(U ERFR R AR B A IR AT FEE gtk 4l
(fB[E MERCK A #]), HAARA R0l

X 2 ST (LS 51938-32-0). 7B s
H (5 52012-29-0). 4E% T-2 (Hlk 5 23666-13-9)
FRAEYT (S 4261-42-1). B4 (S
29702-25-8). gz (it 131228) KEEER (it
5 130322). KREH (b5 150515, JeRbAz (it
5 131105) B T-D9 1148 B SEE A HE ARG IR A

ql, FES Y =08%; MMM E R (S
120306) F& R H (LS 130122), HFDY 1144 4E
A AEMEARARAF, JRESH=98%; R
KRR (S 1228613607) WgT L iEE ARk
HAEWRAR, HESH=98%; FEE (5
0773-9809)- J&i JLAHER (L5 0809-9201)- MHERR (4t
5 110885-200102), yT-rp [ £ it 24 ks @ Bt 7 e,
JRETHII=98%; 21 #t) &8 E 2k, i 14 4t
W T MR, 5 HERT T 2R ek i
Bt 2 ARSI T, BHE YT 8 Af
GEAEIIRIO, 2T MR 245 R X ZE B % E
GRMEYIT &4 Desmodium styracifolium (Osb.)
Merr. B 3557

2 FESER

2.1 BIESRIEEH

2.1.1 B4 Phenomenex Kinetex Cig foifEfi:
(250 mm X 4.6 mm, 5 pm), VAIFHFEE (A) -0.2%
HER/K (B), BAEEVEME: 0~30min, 26%A; 30~60
min, 26%~65% A; 60~75 min, 65%~95% A; 75~
80 min, 95% A; PARUE 1.0 mL/min, 40 C,
HEFEE S uL.

212 JRISZM BBIEETUR (BSD, HETHEH
R FTEE m/z: 100~1200; FALSE 7T 379.23
kPa; HilSUE /71 379.23 kPa; S AT /T 341.33 kPa;
ZFALIE (TEMD 550 C; JEMIZ L (ISVF) 4 500
V; fRfEHEE (DP) 100 V; filif##E (CE) 45 V; All
FIELFG (CES) 15 Vs WA 12 1 43I bk N
i, KA peakview2. 1 BN B RE AR AT 017 o
2.1.3 HPLC-DAD i 24 Phenomenex Kinetex
Cis BiAE (250 mmX4.6 mm, 5 um), JiahHHHEE
(A) -02%HIRAK (B, BAEEHEML: 0~30 min, 26%
A; 30~60 min, 26%~65% A; AR E 1.0 mL/min,
FEIE 40 °C, #EREE 5 pl, KIUBKN 272 nm.

22 BRHIHIE

220 SR EIE R BT SR 2R
Jaid 60 Hif, 4105 g, FEEME, MMA 80%H
B¥ 40 mL, FROERTE, @A (% 100 W,
% 40 kHz) 30 min, J87%, K&, H 80% FEEHME
BRI R, A, JEI, HUSRIEWA 0.22 um Bl
FLUEMEEE, BPS.

222 REXHESEEE RS ERE 15 Ry
R I B, R I A ) BOnT B R 24 0.5 mg/mL fi
K. H 80% LS M RE Bk ) e S 22 5
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pg/mL FH TR AT AR T2, R M
. FEOEF. EMET. AR, RBER. 7
FENT RS R, RIS MBIk
[PITRE TR VAR (BT EIR EEAR N 80+ 200 100+
200. 100 20 4 pg/mL), 7T 4 CUKFEH#%H
23 [TEREFENFRINERE

K HPLC-Q-ESI-MS %)~ 4 4R F R HE ik 7 13k
A7 EME AT, ESI-MS RIS S B Fim Bl (TIC) W,
Kl 1. R4 TOF-MS b5 2 RS B A 731 it
{515, 11T peakview2.1 FAFLE 5X 1076 )53 & 22
YO N TR IO 120, 5 oCERRE e S ik
ATEEXT, 455 OR BRI 1) B Rt A5 R AT 475 40
M, WIEDHEWTT S AR RE SR DO T Lo I a5 o

KUGET BRI 41 Mssr (R D UKEHN
Bl B e R . B SRS TOF-MS 545 il 8.
22, 26+ 33 (C8. 22. 26+ 33) 7 F B T4 461.109 6,
B IR 70 1 20N CoHai O, 5 SCHRIRIED
KOG PN ERUE— S, WP HEN o K & B
[F5r b, 256 i m/z 415, 253, 223 5
SCHRIRIEB A — 2, I H C8 ZXH IR Fh EL e N
KEF, C22. 26, 33 Bl % e N KEHED 7
Fafk, FLPFUE R 2. Wi 4. 23, 30, 33,
43, 45~46 Fll 48~50 K 9EA 25 Bk e
AT B E IR T REMIL B, MU AR DL
JE o XL AR ). MS BT A& AT
REf 7> T AL 2.

45 50 55 60 65 70 75

E1 SHEFEXTI SH5E 80% FERINMN S EFRE
Fig.1 Total ion chromatogram of 80% methanol extract of Desmodii Styraciflii Herba at negative mode

®1 I eRERRYTEENSYIH HPLC-Q-TOF-MS 5347
Table 1 Analysis on main compounds in extract from Desmodii Styraciflii Herba by HPLC-Q-TOF-MS

5 min i Ms' o TR Ms?

1 402 J)LER:® 153.019 9 [M—H] 135  C7HeOs4 109

2 638 carlinside B[F 2 F AN 579.1359 [M—H] 068  CaHasO1s 369,399,429, 459, 489, 519, 561, 339, 341
3 6.92 MR @ 179.035 7 [M—H] 3.81  CoHsO4 135,107

5 836 4ERT-2 593.151 7 [M—H]" 0.67  CxHiO1s 353,383, 473,297, 395, 325, 413, 503

6 924 HEXT-1 563.142 2 [M—H] 0.17  CaHasOw 353,383,443, 473, 395, 297, 325, 413, 503
7 9.69 carlinside B[l % FA A 579.1359 [M—H]" 0.68  CaHasO1s 369, 399, 429, 459, 489, 519, 561, 339, 341
8 1037 K 461.109 6 M+HCOO] 098  CaHxOo 223,253,415

9 1165 4EFT-3 563.142 2 [M—H] 017  CaHasOw 353,383,443, 473, 395, 297, 325, 413, 503
10 11.89 carlinside B[4 Rk 4 579.1359 [M—H] 0.68  CaHasO1s 369,399,429, 459, 489, 519, 561, 339, 341
11 12,58 carlinside B¢ 57> R H A 579.1359 [M—H] 0.68  CaHasO1s 369,399, 429, 459, 489, 519, 561, 339, 341
12 1413 SHEMHELE e 563.142 6 [M—H]" 0.17  CaHasOw 353,383, 443,473,395, 297, 325, 413, 503
13 1503 RZiEyfe 447.093 3 [M—H] 050  CaHxOu  327,357,297,285,299, 311, 339, 429, 133
14 1878 REMBEFRFMAL  563.1426 [M—H] 0.17  CaHasOus 353,383, 443, 473, 395, 297, 325, 413, 503
15 19.60 7K#R ® 137.023 5 [M—H] 0.19  C7HeOs 110, 108

16 2112 REBBEHFE>FEEL  563.1426 [M—H] 0.17  CaHasOws 353,383,443, 473, 395,297, 325, 413, 503
17 2205 HEipiEtre 563.142 2 [M—H] 0.17  CaHasOw 353,383,443, 473, 395, 297, 325, 413, 503
18 2557 Sp4tiflH e 431.098 5 [M—H] 190  CaHxOn 283,311, 117,268, 281, 341

19 25.69 BiZERR * 193.050 9 [M—H]" 1.77  CiHi00s 132,133,134, 161

20 2655 KEEE-T-OB-DAENT 447.0933 [M—H] 049  CaHxOu 151,285,284, 256,212
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g5 tr/min WE MS (X10°6) 4FR MS
21 30.54 SO 463.090 7 [M—H]" 198  CaH201n 243,255,271
22 31.84 KEHFEDRHAK 461.109 6 [M+HCOO]” 098  CxHxO9 219,197, 174,255,323, 161, 117, 113
24 3979 HHE 8-C-o-L-MLWEHTHAAN 401.087 8 [M—H] -0.12  CxHisOs  311,283,281,323, 341, 365, 192
B
25 4079 MEpEe 609.190 0 [M—H]" -025  CaxsHuO1s 286,301, 343, 489, 609
26 41.05 KEHF/»RUE 461.109 6 [M+HCOO]" 098  CaHxOo  447,285,191,212, 174, 147, 113
27 4142 EZIEHI 447.093 3 [M—H] 050  CaHxOu  285,284,255,227,183, 231
28 41.86 chrysoeriol-7-O-rutinoside 607.166 8 [M—H]~ 032 CasH»nO1s 299,284
29 4197 2-FRHEFHEET 285.040 7 [M—H]" 241 CisHio0s 313,241,217, 133, 175, 212, 199
31 4578  HIFEERIA 283.061 2 [M—H]" 0.81  CiHi20s 268,211, 183,151, 135,240
32 4695 HiEE® 271.063 6 [M—H] 066  CisHOs 119, 151,187,271
33 4743 KEHFEDRAE 461.109 6 [M+HCOO]” 098  CaHxO9 174,191,212, 113,242, 269, 310, 328
34 4946 KEEH: 285.041 2 [M—H] 074  CisHioOs 133,151,107, 175, 199, 217, 241
35 4953 BBARE e 269.046 0 [M—H]" 1.70  CisHi00s 133,107, 159, 183, 196, 201, 224
36 5035 5,7-"FRF-2-FE -3 4 329.066 7 [M—H] 0.77  Ci7HiO07 314,299, 151,243,271, 125
P A - S )
37 5043 RREEW 315.048 2 [M—H]" 185  CigHnO7 255,271,300
38 50.64 FHH AR 299.056 9 [M—H]” 211 CieHinOs  284,227,255,211, 165, 199, 151, 133, 148
39 5172 KRBEZRRFS R 285.041 2 [M—H]" 0.73  CisHioOs 113, 175,192,212, 243,285
40 5374 FEER® 269.046 4 [M—H]" 1.70  CisHio0s 107,117, 121, 151, 201, 225
41 5446 FHHARFEGFMGE 299.056 9 [M—H]" 222 CiHiOs 269,151,285
42 5732 57-TFSE0 3 A4-=HIESE- 345.098 3 [M—H] 093  CisHisO7 300,315,107, 177, 151, 232, 297
ZE T
44 58.69 homoferreirin”] 315.087 9 [M—H]" 033  CiHigOs 258,177,171, 211,151,327, 131, 229, 251
47  66.09 kenusanone I 369.134 4 [M—H]” 1.75 C21H2206 193, 109, 149
@ S22 % L it BT S 10
2]dentified by comparing with the reference standards
C8
A B C8 C22 C 253.052 4
C26
33 223.040 6 415.107 8
. . , H —
0 10 20 30 40 50 0 10 20 30 40 50 100 200 . 300 400
t/min t/min m/z
HCOO
(0) O
HO
H/OIQ;OH OH
OH
m/z461 OH
# -Glu-COOH
(0] 0.
HO
OH
/z 415 0
" miz 253 on
-CH,0
miz 223

A-STHR RIS T s R B SRR RIS ISR C- KRG H R

A-XIC of Standards B-XIC of Desmodii Styraciflii Herba sample

2 REHRERBETRIEE.

L D-REHRE

C-mass spectrogram of Daidzein D-cracking of Daidzein

Bk [ R R A ]

Fig. 2 Representative extract ion chromatograms (XIC), mass spectrogram, and cracking for Daidzein
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Table 2 Formula and MS data of undetermined components in Desmodii Styraciflii Herba
5 fr/min MS! ¥ MS?
4 7.29 239.056 8 [M—H]" CuHi1206 103, 115, 117, 131, 133, 149, 163, 177
23 36.23 187.098 2 [M—H]~ CoH1604 125, 123, 126, 143
30 44.48 489.1052 [M—H]" C24H18N4Os 227,255, 284, 285
43 58.17 327.218 7 [M—H]” CisH3205 171,211,229
45 60.63 329.234 3 [M—H]” CisH3405 211,229
46 61.51 397.222 0 [M—H]~ C17H30N6Os 233,211, 329
48 69.79 275.202 4 [M—H]" CisH2302 110, 139, 138, 231, 234
49 71.22 499.190 4 [M—H]" C22H3:N2011 295,317,277, 171, 112, 363, 453
50 72.53 343.249 6 [M—H]~ Ci19H3605 297,296, 279, 267, 221, 155

2.4 HPLC-DAD ZEENE

241 TJRMEFEE 5 HEEREOR A G
W BERSEISS S UL, 4% “2.1.37 Tt it
FEMT. £ BRI, 4ikT-2. REME
. REERAF, BT, SR, KRBEE A

1

FrEE F AR B B 18] 43 79 9.05.15.61 16.64.25.15.
28.67. 53.55 F157.85 min.

FE b b HAl o P 4E R -2 mEMSE . &
ZERER, EOEE. B4R, RRBRERATER
B E B4 MY s 1 L 3.

7

2
3 M
I
L (LA LA B AL AL L L AL AL AL L AL L A [ L L B
10 5 20 25 30

L B e e e N B e e e m e e e e w e e p S

t/min 6

2.4.2 RMEVEHEIEE MEEI “2227 BUNES

t/min
R T2 2-REMEY 3-RAFEH 4-HMET S-RHENE 6RBRER 7-FER
1-vicenin-2 2-schaftoside 3-isoschaftoside 4-isovitexin 5-isoorientin 6-luteolin 7-apigenin
E3 RBEXNRE (A) M- E%EMR (B) HPLC-DAD &iE[E
Fig. 3 HPLC-DAD chromatograms of reference (A) and Desmodii Styraciflii Herba sample (B)

X I AW 0.254 0.5, 1.0 2.0, 4.0, 5.0 mL, 4
A 6> 10 mL L, I 80% PR /KIFE R 2
ZIPE, il — R AR B TR AR, %
“2.1.37 TR AR REERE 5 pl WlE . DLEERER IR
FERREARR (X0, WEIAAANASS (V) ZeiilbrifE il
2, THEA MRS R EE. BRI A
SR, DMEMEEL SIN=10 {E &k e & FR

(LOQ), fEMlt SIN=3 ENHARKIN TR (LOD),
AHEAER T2 REMIEE, REIRE. EME
. FARE. KEBERR. 73R LOQ M LOD.
S5, T MM ETITES BTG N 2 RIEFINZ
MRR, REUERS (R3).

243 FEEERLE  OREEEE 1O R TR AT
WS uL, % “2.1.37 WK ESLERE 6 I, 4
Ak 7 P triiEmm A, TH R RSD
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BUNF 1.52% (R 3), SiRBUMUBKEEE RIT.
244 HEMRAE A G5 150304) #
s FE 6. 4% “2.2.17 TURNHIAMNAMIER, K
“2.1.37 TUN IS FAATIE, THE 7 B
)5 40 0, H B2 B RSD )/ T 3.02%( 3£ 3),
KN EG MR

245 FoEtEREE WA —m Al E R (s
150304), Z351F 0. 2. 6. 10, 12 24, 48 h {EA
HPLC 1%, ic3% 7 Mo i i A 4715545 RSD #4570
T3.80% (58 3), SEFFRIAFEMIE 48 h WEE.
2.4.6  NFERIGRLE A 25 PR EE 5 1 50 ] 4tk
FEARZ) 0.25 g, 6 17, ARG EUR A 56 HE A v 4%
JRETAL L 1 A AIAE] 6 fkEsh ., % “2.2.17
TUHEATRE G, b, thE g, 2%

B, 4eXT-2. FEMBBT. Rasir. BB,
FALHE . OKBER. FERNERE SN
102.4%. 98.8%-+ 96.7%- 100.7%-+ 102.4%- 99.6%.
101.6%, RSD 43754 1.42%- 1.05%- 1.07%- 0.75%-
1.27%-+ 0.89%. 1.52%.

247 FESEENE K 21 #TSERER 5
2 “2.2.17 WUF 74 Rl st s, ARGl E 1
HFE (R 4), K SPSS 11.0 A A i 20
PR, LA 7 Pl s 8 dE AR s, X 21 i)
SRR M TR B U, JRIRE ST I E
DL 40 FRR 21 7 Bt a iR SRR 4 AT
DUE M PR B X3 ANASFEISRYER
J7 A ARERE S rh 7 AP B AT LR A, AR
WK 5.

R3I IeEED 7 HARLERSEMELNTSIE. BEE. EEM. REMRE =3)
Table 3 Linear regression, equation precision, repeatability, and stability of seven flavonoids components in Desmodii
Styraciflii Herba (n = 3)

e I 7 R éié'r_&ﬁi/ LOD{I LOQ/4 *%%:)E ___ E’E‘r% FasE Ik
(ugmL™") (ugmL™") (ug'mL™") RSD/% JfiE4/(mgg?’) RSD/% RSD/%
YeRT-2  Y=9112.9 X+924.18 0.9998 2~40 0.2 0.5 1.42 1.131 287 136
SFEREEE Y=8189.9 X+1278.8 0.9997 5~100 0.2 0.6 1.05 3.517 139 2.14
BEFEE Y=11688X—5333.2 0.9998 2.5~50 0.2 0.8 1.07 0.506 1.77  3.80
HREH  Y=81593.2X+858.65 0.9996 5~100 0.2 0.9 0.75 2.014 2.88  2.03
SHIE Y=13250X—2573.1 0.9997 2.5~50 0.2 0.8 1.27 0.406 270 0.87
ARBREE  Y=10109X—5317.9 0.9990 0.5~10 0.1 0.25 0.89 0.195 2.91 1.02
FRR Y=15224 X—22.748 09995 0.1~2 0.05 0.1 1.52 0.011 3.02 220
Fz4 N #EEREAGHMP T HEIRDRESNE n=3)
Table 4 Determination of seven flavonoids in Desmodii Styraciflii Herba samples (n = 3)
>y > =] Dﬁ%ﬁ\ﬁ/(mggil)
wS W5 ras GAREE ARG AREE SHNE AREE ERE AR
sl i YPA5A0001  0.964 3.104 0.419 1.706 0.324 0.201 0.012  6.731
$2 || 151201 1.100 3.737 0.462 2.342 0.501 0.178 0.016  8.335
s3 i 150201 1.150 3.972 0.420 2.276 0.442 0.195 0.014  8.470
s4 | 20150616 0.934 3.261 0.331 1.788 0.372 0.168 0.015  6.869
$5 i 20150617 1.160 4,021 0.434 2.223 0.447 0.186 0.016  8.487
s6 i 20150606 0.772 2.424 0.236 1.422 0.268 0.181 0.013 5316
s7 IR 151111 0.872 3.202 0.292 1.682 0.325 0.272 0.023  6.667
s8 TR 151211 1.166 4.022 0.403 2.287 0.491 0.174 0.013  8.555
$9 IR 150304 1.131 3.517 0.506 2.013 0.406 0.195 0.011  7.780
s10 J7H 20150701 1.116 3.576 0.500 2.003 0.393 0.208 0.012  7.808
sl 7% 150401 1.017 3.375 0.360 1.855 0.374 0.177 0.013  7.171
sl2 TTF 20150501 1.148 3.534 0.472 2.045 0.431 0.197 0.012  7.839
s13 JTHK 20150701 1.035 3.298 0.485 1.911 0.396 0.182 0.018 7315
sld 7R 20151002 1.110 3.438 0.513 2.005 0.414 0.192 0.010  7.681
s15  “Fm#isam 1l — 1.917 6.695 0.936 4.208 0.793 0.134 0.012  14.697
sl6  “FmERsa2 — 1.874 5.985 1.042 3.779 0.744 0.122 0.010  13.556
s17  “Pimaiism 3 — 2.362 7.104 1.213 4.480 0.901 0.108 0.012  16.180
s18  “Fim#iish 4 — 1.983 6.449 1.053 4.093 0.730 0.137 0.012  14.458
s19 “PimgkEssh s — 2.192 7.602 1.193 4.577 0.879 0.145 0.017 16.605
s20 PB4 — 1.731 5.647 0.988 3.547 0.755 0.141 0.026 12.834
s21  PEHEHAE — 1.739 5.745 0.995 3.642 0.791 0.144 0.027 13.082
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Fig. 4 Cluster analysis using seven kinds of flavonoids

contents in Desmodii Styraciflii Herba as variables
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Desmodii Styraciflii Herba sample
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