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ABSTRACT: Objective To analyse the mass spectrometry fragmentation pattern of 10 kinds of flavonoids, 5 kinds
of saponins in Astragali Radix by ultra performance liquid chromatography-quadrupole-time of flight-mass
spectrometry (UPLC-Q-TOF-MSF). Methods In the positive and negative ion modes of the electrospray ion source,
the main characteristic fragments of 10 kinds of flavonoids, 5 kinds of saponins were detected respectively, and the
cracking process was inferred according to the characteristic fragments, and the cracking rules were summarized.
Results Good mass spectrum information was obtained for all 15 kinds of components in positive ion mode. The
main fragmentation pattern of flavonoids was to remove C4H;(Os to generate the corresponding aglycones firstly,
followed by the loss of -CHj3, CO, H,0, CH40, C,H4O and other functional groups. At the same time, flavonoids were
cleaved by retro Diels-Alder reaction (RDA) to form corresponding fragment ions. In addition, the same
fragmentation m/z 473, 455, 437, 419, 143, 125 were produced by astragaloside I, astragaloside II, astragaloside III,
astragaloside IV and cycloastragenol in positive ion mode. Conclusion In this study, the mass spectrum cracking
characteristics of flavonoids and saponins in Astragali Radix are obtained, which can provide reference for exploring
Astragali Radix as a homologous medicinal material and the study on the mechanism of its functional components’
health care on the organism, and provide technical support for ensuring the safety of Astragali Radix animal food.

KEY WORDS: Astragali Radix; ultra performance liquid chromatography-quadrupole-time of flight-mass

spectrometry; fragmentation pattern; flavonoids; saponins
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Fig.1 Mass spectrums of calycosin-7-O-4-D-glucopyranoside (ESI")

13, 15,



55 24 1)

TEEEE, S AR R - DU AR - A I ) A R R IR R A R R B2 L 173

OH

HO e
Q HO_._ O, H HO_._ O +H
HO¢O O -CH,0 ) T «cno U 1
S UL oy —tem oH o)
T 50 OCH 0 o
OCH s
? miz 285.0670 m/z 253.0329

V‘l—la-CHO l.co
HO_._O. —|+HH00I |
Ll .
(S ! 0

m/z 213.0350 m/z 225.0391

mlz 447.1318
%Hg
HO, ® 0. “+H
|
OH
Tt

miz 270.0407
P2 5 B A BT IE B AR iR A
Fig2 Cleavage pathways of calycosin-7-O-B-D-glucopyranoside (ESI")
B R 7 B RS BT miz
285.0635 ([M+H]")o ZZRBTig b, 6 5 Bl i 2L ik
75 B S TR A — B, (Bl T BT 2t i-
Ik IR 27 -Br] R 8 12 1% Z34# (retro Diels-Alder reaction, RDA)™
AR BT m/z 137.0042 55, UL 3. B R 7E IR
BT ERUT AR R DL 4,

100 — 285.0635_
S
=
.H.‘,
=
S
286.0698
4
0 1 1 1 1 1 1 1 1 1 1 1 Il 1
60 80 100 120 140 160 180 200 220 240 260 280 300
m/z
270.0407 285.0635
B 100 - N
2
Py
.H.‘_
:‘% 225.0391
X 253.0362
137.0042 213.0380 286.0698
134.0171. ‘ 197.0432 | -
0 1 [ 1 I 11 |, L P ]

120 140 160 180 200 220 240 260 280 300
miz

Pl 3 B o I B A ]
Fig.3 Mass spectrums of calycosin (ESI")

-C,H,0 HO, +H HO, 0. +H
HO, ® o, T G OH—l o _l
Do 0 OCH, 0 o

m/z 213.0380 mlz 285.0635 m/z 253.0362

RDA .
l -CH.

3

CO
HO, HO. (0} +
HO o J+H O 0| +H O N TI+H
<, oo Q
N .
0 0 o o
m/z 137.0042 m/z 270.0407 m/z 225.0391

4 BESRENIE & TR R R
Fig.4 Cleavage pathways of calycosin (ESI")

212 EWBFA LA EW A MAE

WA F AR T ARNAES T8 T8 mz
431.1334 (M+H]) . —H iR H, m/z 431.1334—>m/z
269.0664 (Am=162)F57~ T T-AR AL 1T 45 #4 r 2 2 A IR 56
FIZ R, BRIRT T m/z 269.0664 {55 W%, L
E SA. GRS EIH, AT miz 269.0664 ERHIFEEH
o3& (CH; YRR ™Y F m/z 254.0430, L5 m/z
253.0395 JEH m/z 269.0664 £k 1 43F CHLASEI1Y; 11 m/z
226.0471 Fl m/z 225.0391 43 512 i1 85 T m/z 254.0430 1 m/z

253.0395 %k CO T2, JFH m/z 225.0391 %
41 T CO PPAETF miz 197.0452. WAL, BT m/iz
269.0664 #ELEE LK 2 43 F CO 774 m/z 213.0769, WL 5B,
TERRAETT 6 B A T RS2 LA 6.

A o - 431.1334
S
Py
= 269.0664
.H.
=S
E
432.1367
2700744
0 1 1 1 1 1 1 1 1 J
50 100 150 200 250 300 350 100 450 500
mlz
B 100 - 269.0664
§ 254.0430
=N 237.0381 3
H 197.0452 513 0769 226.0471 253.03954
B FB*»“‘S ]225-039\1| 038.0410
R - : < 270.0744
200 210 220 230 240 250 . 431.1334
0
50 100 150 200 250 300 350 400 450
miz
e b FONES 3
Bl 5 fSARAE T IE B R BT
Fig.5 Mass spectrums of ononin (ESI")
HOwA, O HO_ A, O HO
) 1
-CO -co
0 Ny — 0 — )
mlz 253.0395 m/z225.0391 miz 197.0452
CH,
OH “+H
HOv"o HO A0 e HO T
HOJio o0 CH,0, 200
OH %0 ’ e OCH, OCH;
OCH
miz 431.1334 : m/z 269.0664 miz213.0769
-CH,
HO 0 —H HO O 0, “kH
)
O -CO
o) 0‘ [0}
miz 254.0430 miz 226.0471

K6 oANAETY IE S TR R iR
Fig.6 Cleavage pathways of ononin (ESI")

WAL R > 7 R BT AL B HE S TR T mlz
269.0698 ([M+H]"). — kAT, tHER R # &R
AT —2, W 7. PEAERAEIE S TREUT R
AR LA 8.

269.0698
A oo
N
=
.H.
=y
E
= 270.0744
e
0 I 1 1 I 1 1 1 I 1 1 1 1 I
60 80 100 120 140 160 180 200 220 240 260 280 300
mlz
B 100 269.0698,
253.0362 254.0430
§ N
=y 255.0486
= 252 254 256
=
= 254.0430
197.0452 213.0769 226.0471  237.0412 -
7 ‘ 25091_| | ‘|
ol . .Y . . .
200 210 220 230 240 250 260 270

miz

7 AR R IE R TR R A

Fig.7 Mass spectrums of formononetin (ESI")



174 B 24 iR AR I 2 4l

FH15E

m/z 253.0362 ml/z 197.0452

T-cm
H0—|+H CH,0 H0+H
o O OCH, 0

m/z 225.0391

mlz 269.0698 mlz237.0412
-CH,
200
HO +H HO ® o T+H HO ® 9 Tl
S o, T
LA G :
OCH, 0 o
mlz213.0769 mlz 254.0430 mlz 226.0471

K8 AL RIES TR AR
Fig.8 Cleavage pathways of formononetin (ESI")

2,13 FHKRFREMHKE LB

PORIRT 477 2 A5 F IR FALIHESr T8 miz
865.2675 ([2M+H]YHIEE Tk A HES> F 12 Tk m/z 433.1071
(IM+HT) . — R % E P, m/z 433.1071—m/z 271.0437
(Am=162)487R T YL Ak A T 45 449 v 2 2 M TBOA 28 1) B4 it
T, BB S miz 271.0437, WA 9A, —HJRiGE
B, BT miz 271.0437 43 RDA @4 ETF mkz
153.0000, IANEF m/z 271.0437 £5k 1 4>F Hy0 7oA
F m/z 253.0329, BT m/z 243.0491 Fl m/z 215.0529 43 51| 2
i+ m/z 271.0437 #2058 CO ik F1REIN. 2R
m/z 215.0529 RIRFER 1 43F H,0 1 44F CO 133174
B mlz 197.0452 Fl m/z 169.0477, WIH 9B, YeRIARFTE
EBE T T RS2 WA 10,

PRARZ S F AR FINESS T3 T m:
271.0471 (M+H]). iR, JeRARZ ARk
SYRARTT 3, W 11, JeRAREEIEE PR TR
flREAT LI 12,

A 100 433.1071
271.0437
2
i
KT
®
ES
272.0486 434.1128 8652675

0 ! I I I I ! I L I
100 200 300 400 500 600 700 800 900

mlz

B 100~ 271.0437

£ (1330000 215.0529

b&_( 243.0491

= _1169.0477 197.0452 /216.0504 | 25‘1032

= b

= 160 180 200 220 240 260 |272.0486

433.1114

0 ! 1 ! ! ! ! ! L
50 100 150 200 250 300 350 400 450

mlz

K9 YURLARTE IE B R ik 4
Fig.9 Mass spectrums of genistin (ESI")

HO. ® oX e © HO+H
O, T W DB

miz 243.0491 miz 215.0529

-H,0

-co
OH “l+H
HO Ao HO ® 0. TI+H o, “ln
o 0 -CH,0, )
O™ (] —_—
O OH O o OH
OH O OH mlz 271.0437 miz 197.0452

m/z 433.1071
iy l_Hzo l-co
H
HO o I'H HOO s 205 T+u
|
%50 I ©

miz 153.0000 miz 253.0329 miz 169.0477
10 GURARH IE B T RURR IR 1R
Fig.10 Cleavage pathways of genistin (ESI")
A 271.0471

AR /%

272.0486
”

I I I I I I I I I I I | I )
60 80 100 120 140 160 180 200 220 240 260 280 300

/z
B m
00 2710471
243.0491

8 1690477 197 0423 ‘ 2530329

= | L Ly L L

# 180 200 240 260

= 153.0000 215.0529

: : 2720520
oooss | | 20

60 80 100 120 140 160 180 200 220 240 260 280 300

m/z

B JerbR R IE s TR B
Fig.11 Mass spectrums of genistein (ESI")

HO. o) —|+H HO
e 0
3 Bn
OH OH
mlz 243.0491 m/z 215.0529

H,0
-co
T HO
RDA

P> le) j+H
HO o O o —IH{ O !
|
:\‘ﬁ -— on
OH 0 OH O OH mlz 197.0423

m/z 153.0000 m/z 271.0471
l-CO

o, +H

i

+H
HO O OI
o
m/z 253.0329
K12 JeRbREIE B F R 3Rt
Fig.12 Cleavage pathways of genistein (EST")
2.1.4  FEFHEBRF R KT 0 R ML
RSB AR TR RS> T8 T UE m/z 465.1811
(MH+H]Y . — RS H, m/z 465.1811—m/z 303.1129
(Am=162)F87/R~ T YRt AT G514 s A Ml B SR 0 2R A2,
BRI T m/z 303.1129, WK 13A. —ZiigE+, &
+ m/z 303.1129 Z&i:k RDA 247 m/z 193.0669 . 181.0672
F1167.0529, Ak m/z303.1129 25 RDA ZY@ER PR H

\
ﬁo
-

T

ml/z 169.0477



5524 W) SREEE, S5 S OB (T - DU AR AT - A T i) 45 2 R IR BT R AR A3 BT B S B 2 175
HI3E(-CH) 3= m/z 123.0259, WLE 13B. [RIFHEST miz o TV HOO?QH ocr
N " o < , _RDA _
167.0529 #l m/z 123.0259 fE—Z ik E S W . wEs |&8 O ocH, b(om
EFWTE%%*&fTE@FU%@ﬁéWJ@ 14, m/z 123.0259 / mlz 3011:;\ mlz 16105'29
-CH,
A 100 - 303,129 oH Oc—|+H o OC—|+H o OCH_|+H
p H, H, ;
R /\@ocm /l;c[ocm SC(O'
f@’( 1670529 miz 181.0617 miz 193.0669 miz 152.0296
g 123.0259 465.1811 4 S
3041149 4291557 |466.1835 16 B SELE SRR
0 . . . . . . " ) Fig.16 Cleavage pathways of 7,2’-dihydroxy-3°,4’-
50 100 150 200 250 300 350 400 450 500 dimethoxy-isoflavan (ESI")
m/z
B 215 KRR A KA E 0 AL
= 303.1129 SR o R B TS T B T IE mi/z
& O 100300 o 463.1619 (IM+H]"). — %R E ., m/z 463.1619—m/z
| e e UM 3010963 (Am=162)H07 T H ARG H
mlz ’
. il L L A L L L J 1 A= In
%% 10 150 20 250 30 30 40 450 500 O L R, RS9 Y18 T miz 301.0963, JLI
miz 17A. ZHRIREE D, BT m/z 301.0963 F0F3E A it
B 13 B S e e B AR U (CH)S BRI W8 1 m/z 286.0629, B3 m/z 301.0963 4
Fig.13  Mass spectrums of 7,2°-dihydroxy-3’ ,4 -dlmethoxy-

isoflavan-7-O-p-D-glucoside (ESI")

T+H

HO. “JH

J:? o) on CHO, WOCHz RD. OCH]

OCHI OCH, OCHA

OCH m/z 303.1129 m/z 167.0529

mlz 465.1811
-CH, RDA
RDA

o MH “HH

HO@I'_(?T +H

m/z 123.0259

P14 SR ATEETT IE B TR U R A
Fig.14 Cleavage pathways of 7,2’-dihydroxy-3’,4’-dimethoxy-
isoflavan-7-O--D-glucoside (ESI")

WES BT FIm RS FEFIE m/z 3031129
(IM+H]). “ R, MR EL A ER 5K
ST 5, WANE T m/z 167.0529 KEFHF h

o
)/i@ocn,
OCH;

m/z 193.0669

A@ocu,
OCH;

m/z 181.0672

(-CH) 821 7~ 8s F m/z 152.0296 {5 5 HH 8, WA 15,
R bR B TR AR AR LA 16,
A 100 303.1129
=
=
iy 167.0529
= 123.|0259 3041149
; ; | ; ; ; ; ; ; J o ;
059 75 100 125 150 175 200 225 250 275 300 325 350
mlz
123.0259
B 100 167.0529
193.0669
N
= [33.0452 181.0617
# o e 1/94.(?748
E 150 180190 200
L Y | L | 1 | 1 1 1 1. 1 1

50

75 100 125 150 175

B 15

200 225 250 275 300 325 350
mlz

PO B IE B TR

Fig.15 Mass spectrums of 7,2’-dihydroxy-3’,4’-

dimethoxy-is

oflavan (ESI")

i RDA 24 U & £ B A 2R CHy) A AR 51 B F miz
167.0529 A1 m/z 152.0296. IL4F, BF m/z301.0963 £k 1
43 F CHLO. 143 CO Rl 1 43 HIJE [ i 5(-CHy) 23 545
F| m/z 269.0664 . m/z241.0688. m/z226.0471, WL 17B,
BT m/z 167.0529 £ — R BTk K P R E SR . B
REIE A 1E B8 0T 2412 TLIET 18,

WEEWER S F 7AW T8 1% miz 301.0963
(IM+H]")o g EI, 8 M R WA R 5
SR, WA 19, EEEMEEIEE PR TR
fifiE AR UL 20,

A
100 - 301.0963
S
=
H
=
=~
=
167.0529 2.0984 463.1619
0 1 1 1 1 1 1 1 1 1
50 100 150 200 250 300 350 400 450 500
m/z
1670529 269.0664
B 100 r i 2410688 270.0676
2epn | asspss |fy 20
3 220 230 240 250 260 270 280 290
,\% 301.0963
s
=
z
152.029g 168.0541 302.0984 463.1619
0 L Ll L L A L L L I
50 100 150 200 250 300 350 400 450 500
mlz
P17 SISt I B T 1A

Fig.17 Mass spectrums of 9,10-dimethoxy-pterocarpan-
3-0-B-D-glucoside (EST")
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Fig.18 Cleavage pathways of 9,10-dimethoxy-pterocarpan-
3-0-4-D-glucoside (EST")
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Fig.19 Mass spectrums of 3-hydroxy-9,10-d1methoxy-ptercarpan (ESI)
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Fig.21 Mass spectrums of astagaloside I (ESI")
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Fig.22 Cleavage pathways of astagaloside I (ESI")
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Fig.23 Mass spectrums of astagaloside II (ESI") Fig.25 Mass spectrums of astagaloside III (EST")
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Fig.24 Cleavage pathways of astagaloside II (ESI")
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Fig.26 Cleavage pathways of astagaloside III (EST")
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Fig.27 Mass spectrums of astagaloside IV (ESI")

+H “HH “+H
o 0; 0'OH 0 H
oy (PRI o soco o855 s, oa
H OH H
ou O
Oy ol OH H
HO HO
.

m/z 785.5058 m/z 767.4926 m/z 635 4303

CH,

CHO

—+H
o C ,H,,0, H
OH “+H -H,0 1
—= Ofon ——= 31
HO m/z 125.0748

m/z 143.0870
CH.O m/z 473.3685

61105

-H,0

2

+H “HH
ol OH 0:'I+H
O Ho mo CH,0, OH
HOv~0 — ]:/CL) ERLAE
HO no Y 0
ol OH

HO
mlz 473 3685

H
m/z 605.4210 m/z 587.4107

_ —|+H ‘|+H

mlz 419.3269 m/z 437.3420 mlz 455.3517

K28 HEEEHTIE B F R AR
Fig.28 Cleavage pathways of astagaloside IV (ESI")
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Fig.29 Mass spectrums of cycloastragenol (ESI")
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Fig.30 Cleavage pathway of cycloastragenol (ESI")
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