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Identification and characterization of major chemical compounds in Sophorae
Fructus based on UPLC-Q-TOF/MS

SUN Guo-dong, HUO Jin-hai, PAN Wu-jiu, WANG Wei-ming
Institute of Chinese Materia Medica, Heilongjiang Academy of Chinese Medicine Sciences, Harbin 150036, China

Abstract: Objective To identify the common compounds and variance compounds of Sophorae Fructus from different regions by
ultra performance liquid chromatography coupled with time-of-fight mass spectrometry (UFLC-Q-TOF-MS). Methods The
separation was performed on Waters Acquity UPLC BEH C,g column (100 mm x 2.1 mm, 1.7 um), with a mobile phase using water
with 0.1% formic acid (A) and acetonitrile with 0.1% formic acid (B) for gradient elution; Q-TOF/MS and electrospray ion (ESI)
source were applied for the analysis under the positive ion mode and the negative ion mode; 1 000 ions were extracted through
Markerview 1.2.1 software from Sophorae Fructus of 11 different regions. And common ions (compounds) were selected according
to the following principles: One ion can be detected in all samples, and most of the peak area was greater than the 1 x 10* The
variance ions (compounds) were selected according to principal components analysis. The formula of common ions was then
determined by accurate mass and isotopic abundance ratio from target screening function of Peakview 2.0/masterview 1.0 software,
and its structure were determined by analysis of MS/MS fragment or comparison with standard substances and references. Results
A total of 24 common compounds and 21 variance compounds were identified and inferred in Sophorae Fructus from different
producing areas. Conclusion UPLC-Q-TOF/MS method which develops a new strategy can identify the main chemical
constituents from Sophorae Fructus rapidly and accurately. The determination of the main common components lays a foundation for
the selection of quality evaluation indexes and the in-depth study of pharmacodynamic substances. The variance components can also
be used as one of the bases for the identification of origin and authentic evaluation of Sophorae Fructus.
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1.1 &R

Acquity UPLC (Waters, USA, B o/ LB
FER L HA BN BBEERERS  FHRAR): AB Sciex
Triple-TOFTM 5600+%4 5t 4% (A A5 ESI J5A1 APCI
P, B RERE: Analyst TF 1.6 software; £i#z4b
PRI 2245 : Peakview 2.0/Masterview1.0 software.
Markerview1.2.1 . Natural products HR-MS/MS
Spectral Library 1.0 software( 3£ [E AB SCIEX /A #] ).
1.2 iR

g, O (Eaakal, f8E Merck AFD, H
g (fifafl, &M Fisher A7), ZMWAK (7 HIERE
REMTEARARD, HEE (O, RETREE
RRALERAE R A D, LBE (rffrall, RETHRE
(= a7v /IS
1.3 Z5xRm

A ZIM T 2017 4F 11~12 AR A %8G A
HR b R, NS IR BRIE. BreE.
TELEM LA, A HOREE 2 AR,
114 500 g, 28 BT B2 25 R 2 B 4 0T 7T O
B NG REHEYIM Sophora japonica L. R
S¢, ERAEBT, e, o 60 H iR TRl

PeRlARZE (S 11704-200501). % & 7R (it
5 110831-200302), H[E & 5 2 sk AL b s 1
Wb E (5 L-018-140128, RUHSHRZF EAMIRHY
HIRAFD; XIS T &R 03 =98%.

2 ik
2.1 MERGAIBERSE &

HORRIRER 1.01 mg. TWTER 1.03 mg. 8
F2 1.02 mg, 43 BN 20 mL H 1 2 50 pg/mL
(VA E et R T R
2.2 HIXEAROEH

AN = MM AR 20 A8 K 2.0 g, REZEFRE,
70% 8% 25 mL A AF (ThER 300 W, #iZ 40
kHz) 45 min, H4, #ME 70% 48, #25], i 0.22
um LR, BPfS.

23 Y

Acquity BEH Cjg (100 mmX2.1 mm, 1.7 pum)
i, Acquity UPLC BEH Cig 374 (5 mmX 2.1
mm, 1.7 um); #EiE 35 °C; HaIH A N 0.1%F IR
KB, BN 01%F R OIS BRE M. 0~2
min, 95%~80% A; 2~ 10 min, 80%~60% A; 10~
11 min, 60%~50% A; 11~15min, 50%~30% A;
15~22 min, 30% A~0; 22~22.1 min, 0~95% A;
22.1~25 min, 95% A; AFE 0.3 mL/min; 4
GIRE 4 C; BFER S uL; HrEtE] 25 min.

24 [Fig&H

BRSOV E IR, AT, B i
B YR L2 I 5500 V/i—4 500 V, B YR TR EE N
550 C, ZHAUEN Ny, 46 (Gasl) 2y 380 kPa,
B (Gas2) N 380 kPa, <7< N 240 kPa, %
fRfLE (DP) 43 %A 80 V/—80 V, HiffERER (CE)
5318 40 eV/-40 eV, HifEREEY B (CES) #4
20 eV. TOF MS HH#E RN m/z 100~1 500, %
KEEFT R AE N Analyst TF 1.6 software, (45 4b 3
B AN Peakview?2.0/Masterview 1.0 software.
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2.0/Masterview 1.0 B A, AKHEAE R EE O [FI7 R
e JBF LU 5 015X, 30 o Xof B R B 1) — i
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Fig. 1 TIC chromatograms of Sophorae fructus

xR1 BRAMNMEEETFENER
Table 1 Characterization of common chemical constituents of Sophorae Fructus by UPLC-ESI-Q-TOF/MS

WS wmn WM mRE DN HTR EER T (MSMS) TR B

1 LI 1910185 19101863  -07  CeHO; 191 [M—H], 173 [M—H—H,07, 154 [M—H—2H,0]", 129 [M— ¥/’
H—H,0—CO,J, 111 [M—H—2H,0—CO,]"

2 37 1710285 17102880  -18  CHOs 171 [M+H]', 153 [M+H—H,0]", 135 [M+H—2H,0]", 127 [M+H— && TR
C0,]", 109 [M+H—H,0—C0,]", 107 [M+H—H,0—C0,—2H]"

3 47 5951639 3595.16575 3.1  CyHyOps 595 [MAH]T, 433 [M+H—CeH,00s] ", 271 [M+H—2CH,,05]", 215 11 E®-3-0-% 5
M+H—2C¢H,0s—2C0]", 127 [M+H—2C¢H,i0s—2C0—CH,]" e

4 62 287.0542 287.05501 28  CysH,Op 287 [M+H]', 258 [M+H—CHO]', 241 [M+H—CHO—OH]', 213 LIZEH
[M+H—CHO—OH—CO]", 165 [M+H—CHO—OH—C¢H,]", 153
[M4+H—CHO—OH—CH,]", 121 [M+H—CHO—OH—C;H,0,]

5 62 449.1054 449.10784  -54  CyHyOp 449 M4H]', 329 M+H—CH;0,], 271 M+H—CH0,—CH,05]", 258 111 2:H}-3-0-p-
[M+H—CH0,—CH,0,—CH]", 213 M+H—CHO,—CH,0,—  D-#i&iHiH
2CHO]", 153 [M+H—C,,H,404]", 127 [M+H—C,H,40,—CH,0]”

65 303.0490 303.04993 3.1  CyisHi0; 303 [M+H], 285 [M+H—H,0], 257 [M+H—H,0—C0]", 229 M+ H HF %

—H,0—2C0]", 201 [M+H—H,0—-3C0]", 153 [M+H—H,0—
2C0—CH,]", 137 [M+H—H,0—2C0—CH,0]
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WS e WEl o mel SV 5R EEGRAAT (MSMS) M Biesn
7 65 6111559 61116066  -78  CyHyOy 611 [M+H]", 465 [M+H—CgH;04]", 303 [M+H—CeH0,— T
CgHy0s]", 129 [M+H—CgHyy04—CoH100s—CoHy04)”
8 65 4651015 46510275  -27  CyHyOp 465 [MAH]", 345 [M+H—CH0,]", 303 [M+H—CH0,—CGH,0]", #t i & -3-0--D-
257 [M+H—C,H0,—C,H,0—CH,0,]", 229 [M+H—CH0,— H%ifiH
C,H,0—CH,0,—C0]", 165 [M+H—C,H;0,—C,H,0—CH,0,—
CO—CsHy]
9 6.7 2550669 255.065 19 67  CisHpOs 255 [M+H]', 237 [M+H—H,0]", 227 [M+H—CO]", 199 [M+H— AEH
2C0]%, 181 [M+H—2C0—H,0]", 152 [M+H—2C0—H,0—
CHO]', 137 [M+H—H,0—C¢H,]
10 71 4331107 43311292 -51  CyHyOp 433 [MHH]', 313 [M+H—CH;0,]", 271 [M+H—CH0,—CH,0]", ekliAH
243 [M+H—C,H;0,— C,H,0—CO]", 215 [M~+H—CH;0,—
C,H,0—2C0]", 153 [M+H—C,,;H;s0¢]
11 72 5791653 579.17083  -9.5  CyHypOy 579 [M—HJ, 459 [M—H—C4Hs0], 339 [M—H—CHsO—C,HO4], HlifH
313 [M—H—CygH;s04], 271 [M—H—CyoH;s0;—C,H,0], 151 [M—
H—CyoH;305— CH,0—CyHgO]
12 7.7 2710609 271060 10 30 CisHeOs 271 [M+H]', 253 [M+H—H,0]", 243 [M+H—CO]’, 215 [M+H— JRAZE
2C07%, 197 [M+H—2C0—H,0]", 169 [M+H—3CO—H,0]", 153
[M+H—H,0—C¢H,]"
13 78 579.1678 579.17083 52 CyHy0u 579 [M+H]", 433 [M+H—CH04", 271 [M+H—CH0s— HBAZ-7- 4
CgHy0s]", 147 [M+H—CgHiy04—CoH100g—CoHi03]” BRI R
14 87 3150871 315.08631 25  CpHLO, 315[M+H]', 300 [M+H-CH;]', 272 [M+H—CH,;—CO]", 257 M+ —HEMEKGHE
H—2CH;—CO0]", 229 [M+H—2CH;—2C0]"
15 92 4311324 43113366 29  CpHpO, 431 [M+H], 269 [M+H—CH,0s] ", 254 IM+H—CH,(0s—CH;] ", 213 FHRTEH
[M+H—CgHy0,]
16 98  417.1178 417.11801 =05  CyHyOy 417 [M+H]", 271 [M+H—CeH,004]", 243 [M+H—C¢H,i0,—CO]", KEH
215 [M+H—CgH,,0,—2C0]"
17 111 4471281 44712857  -11  CpHpOy 447 [M+H]', 285 [M+H—CgH,e05], 270 [M+H—CH,0s—CH, ], 242 # 5 #1F
[M+H—C¢H;q05s—CH;—C0]"*
18 117 5471078 54711411  -11.5  CiHyOp 547 [M+H]", 299 [M+H—C,H;0p3]", 269 [M+H—CH,;(0;3— FAFERER
CH,0]", 241 [M+H—C,H,,0;;—CH,0—CO0]"
19 127 283.0607 283.060 10 21 CyHOs 283 [M+H], 253 [M+H—CH,0]", 225 [M+H—CH,0—CO]", 197 EEHZ
M+H—CH,0—2C0]", 169 [M+H—CH,0—3C0]", 155 [M+H—
CH,0—3C0—CH,]"
20 131 269.0814 269.080 84 21 CHpOs 269 M+H]', 253 [M+H—CH,]", 237 [M+H—CH,0]", 225 [M+H— Wit &
CH,—COJ", 213 [M+H—2C0]", 197 [M+H—CH,—2C0]", 181
[M+H—CH,0—2C0]"
21 157 7974700 797.468 18 23 CyHgOy 797 M+H], 599 [M+H—C3H;05]", 581 [M+H—Cp:H,00,—H;0]", KE'2E B3--D-
423 [M+H—C}3H00,—H,0—CgHy0s], 405 [M+H—C3H,0,—  MLE& SR
2H,0—CH:0s] (1=2)B-D-MtE e
s
2 161 2970755 29707575  -08  CpHpOs 297 [M4H]T, 267 [M+H—CH,0]", 239 [M+H—CH,0—CO0]", 224 7-HEEEH#HE &
[M+H—CH,0—CO—CH;]", 211 [M+H—CH,0—2C0]", 196
[M-+H—CH,0—2C0—CH;]", 168 [M+H—CH,0—3CO—CH;,]"
23 164 283.0964 283.09649  -03  CpH,O, 283 [MHH], 267 [M+H—CH,]", 240 M+H—CH,—CHO]", 227 [M+H— 54- 8 #-73-=
CH,—CHO—CH]’, 211 [M+H—CH,—2CHO]', 197 [M+H—CH,— H#5R %
CHO—CHO—CH,]", 169 [M+H—CH,—2CHO—CH,—CO]"
24 211 279.2320 279.23186 05  CyiHyO, 279 [M+H]', 261 [M+H—H,0]", 243 [M+H—2H,0]", 223 [M+H— Tk

C:HgJ", 209 [M+H—CsH,(]", 187 [M+H—2H,0—C,Hy]", 173 [M+H—
2H,0—CsHy]", 149 [M+H—2H,0—CH,]", 137 M+H—2H,0—
CHyol, 123 IMHH—2H20—CeHyy] ", 109 [M+H—2H,0—CyoH,4]
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SEBAEWT T o 24 MEAWISE R, BEE 20 N3
MG 3 DMEVIRELE . | MR, 1
ANZHERJ 1 A HANRAE D) GEHSL R R B A
AR A WIEAT R 2B b, S5 R

EY 12 REEREY), HoRmisn
eSS T8 T 271 [M+H] FEEWE, BAfaE,
kA B L AR R kA AR AR 253 M+
H—H,0] B A &7, Wbt A it — B ik B 3 JfkE
FEHIE R 153 [M+H—H,0—CgH,]" BEA B+, #E
SFE AR L C R B CO AL 243 [M+H—
COl" B B F, BLER 4R850k 2 1 > CO FHERAEH
HE K 215 [M+H—2CO] A &1, MR
FHEXKE 1 5T H,0 K& CO JERAL 197 [M+H—
2CO—H0] WA B+ & 169 [M+H—3CO—H,0]"
B B, 3B Ik 9 AH DG A (1) SCRR B2 A & SCIEX
] (£ED ) HR-MS/MS Spectral Library 1.0 i
R, HEMTL S 12 NRIR R, HogR
T EHE P R BRI R AT BB AR DL TR
g m e 2, 30,

WWEY 20 NEERNEY), KR
IES> T35 T 269 [M+H]" F & Ik, BonkasE,

Gy 2 B IR b arfor BRI 1 R IR (R A Ok AR A
TE R F 81 253 [M+H—CH,]", BOREFidE—25 i
OB W 4R A ST 237 M+H—
OCH,]", 253 ¥R BRIk % C 31 L CO FERME
FrE T 225 [M+H—CO—CH,]", Mg kst 2k 2 1
A CO HRAEEHF R 197 [M+H—2C0—CH,]"
BER BT, FRE 1D 0B 181 [M+H—2CO—
O—CH'HR BT, BN FKFHRIBE RN T T
BHER D 24 CO TBRL 213 [M+H—2CO]" #EH B
T AW IC Y B SR Sk R SCIEX A ]
(Z£[E) #) HR-MS/MS Spectral Library 1.0 J5i i £ 4
B, HEWL & 20 TERIE R, H R
FEXTRRBER I (OE. B 24T BRI 18 DA S IS
THER B S LR 4, 51,

a2 NEWBRELEY), HoRmikm
FIHESS 7B 7 171 [M+H] FE B, BNAREE,
SR ERIR LW 2 40T H0 JRRAEHE K
153 [M+H—H,0]" A& F & 127 [M+H—
2H,O1" WEH B, 153 WA B Al R 2838 B
RRILK 109 [M+H—H,0—CO,]" BH BT K&
107 [M+H—H,0—HCOOH]" W F & 1. #id#

RT3 271,061 2
|
153.019 6
15.071 1
115.055 4 141.070 9 169.066 2 197.061 5
187.076 5 242.058 3
. .‘,l__ﬂ.l.i.u_u l.L.‘i,_..i,_ J S T I i T ) _____l.u.l _______________________________
120 140 160 180 200 220 240 260 280
miz
2 EW 12 ZHRIEE RSN AREX B AL XTEEE

Fig. 2 MS/MS spectrum of genistein for compound 12
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CysHoO4" m/z 253 C;Hs0,4" m/z 153

Cy4H,,04" m/z 243
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(0] Ot
| ]
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C,HoO" m/z 169

3 &Y 12 EHEETE

Fig. 3 Chemical structure and fragmentation pathway for compound 12
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TR SRy R SCHR S i SCIEX A d] (SEED

213.091 2 237.054 9 253.0495 269.081 4
|
197.059 6 225.054 3
118.0409 169.064 3 269766 5
137.023 3 I 181i064 4 | .
L |, L .
l - -4 h | r |
120 140 160 180 200 220 240 260 280
miz

B4 LEW 20 KRN

EE R SRR Rt xR % E

Fig. 4 MS/MS spectrum of formononetin for compound 20

HO

C16H13O4+ miz 269

C4H30," m/z 213 C4HgO5" m/z 225

C3HoO" m/z 181

5 LAY 20 LAEEATE

Fig. 5 Chemical structure and fragmentation pathway for compound 20

3.3 FRFHMRAUFERSES

2

HR-MS/MS Spectral Library 1.0 Jii it £ 4 2, HEWT XPIE B AN [R] ™ HRR A HE 2k AT
EY 2 NEE TR, H 25 B 2 5 e PCA # 2R 4 #7,
KT HE IR 15 DR TR R B R BT LES, WE. N B, HiiEE
WE 6. 71, BT, HA—E, FraE.s dbat.
107.012 2
125.027 3 153.016 8
Poqozs 7 | 271235501)2 o | 171.028 5
i1 1__L L 1 1 I
| || | o 'I "
| |
110 120 130 140 150 160 170
miz

El6 L& 2 KRk

EE R SRA TR B ARG E

Fig. 6 MS/MS spectrum of gallic acid for compound 2
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Fig. 7 Chemical structure and fragmentation pathway for
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compound 2
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(5 7 U A 24 00 5 B R A o R REAT R T, A
B HE R P TR ) 25 i 3RS 2 A O B I T8 - SR o L
A, HE O R T M R R T %A RN
it 20 B IO B TR /DSl BB ) i, T )
HAEATFIRE b P ) & BRI . IR R T - HE M
T 21 MEEMII A, S5 R 2.

ZEFE Y LR N, 21 S
AFE 10 MEERAEY. 7T AIBMRENED. 14
YIRS L 2 DR ED . 1 AR
PIA R = OB R, PAZE Sy (IR 2 it

B 378.1/11.3(108 6) ﬁ{ﬁ;égf
] 394.1/6.6(116 5) % 540.1/8.5(250 8) * ML= & T
0.00 (o2 @08 Rt m T

251.1/4.8(101) +2

378.1/8.5(108 8)

D 376./13.8939) T 3
] o o 3752/13.7(934) [FIIEET
000 ' 357.‘3/17.9(89231FHM§%%

pll]

A-EETHRAGSE B-EHTHRAHME C-HETHEAE,E D-HE T
A-scores plot of POS  B-loadings plot of POS  C-scores plot of NEG D-loadings plot of NEG

&8 AR~ AZEH PCA &

Fig. 8 Principal component analysis (PCA) for Sophorae fructus of different product area

BT OV — 10 J5 g I AU AL B, {4 F Matlab
BAFER, 183 11 NAFEP 21 MU e S EE
FERIEE, CAKERDNRAER &K, I
K9,

T 23 BT 22 AU A WDTE 25 FEAS (8] 1) & & ] 4,
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Table 2 Characterization of diverse chemical constituents of Sophorae fructus by UPLC-ESI-Q-TOF/MS
B5  wmn  WEE B (X"f,s) A FE-GHRET (MSMS) Sk B4
1 31 3671507 36714998 20 CyHpN,0; 367 [MAH], 349 MAH-H,0]", 332 [M+H-H,0—NHy]", 2-¢-mannosyl-L-tryptophan
303 [M+H—H,0—CH,0,]", 229 [M+H~H,0—NH;—
CH,0]", 188 [M+H—H,0—CH,0,—CHNO,]", 146 M+
H—H,0—CH,0,—CsHNO,—C,H,0],
2 3.1 5992009 599.197 05 04  CyHs0s 599 (M—HJ, 509 [M—H—C;H05], 479 [M—H—C3H¢0;—  loganin pentaacetate
CH,0], 395 (M—H—C;H0;—CH,0—CH,0,], 317 [M—
H—C;H(0; — CH,0 — C,H,0,— C,HO;], 233 [M—H—
C3Hy0,—CH,0—CH,0,— GHO;—CH,O,], 149 [M—H—
C3H¢0;—CH,0—C,H,0,—C,H40;—C,H,0,—C,H,0,]
3 36 5070721 507.07106 2.1 CyHyu0y 507 [M+H]", 337 [M+H—CH;05] ", 127 [M+H—Cy3HO]” 5,5'[carbonylbis(4,1-phenyleneoxy)]bis
(2-benzofuran-1,3-dione)
4 56 6811637 68116614 -3.6  CyHiOp 681 [M+H]', 519 [M+H—CH0s]", 433 [MA+H—CyHi0s— 5, 7-dihydroxy-2-(4-hydroxyphenyl)-4-oxo-
GH,04]", 271 [M+H—CeH,005—C3H;03—CeH,05] 4H-chromen-3-yl - 6-O-(carboxyacetyl)-2-
0-(6-deoxy-B-D-gulopyranosyl)-B-D-
allopyranoside
5 65 3710988 37109727 41  CyHyOp 371 IM—HJ, 209 M—H—CgHyOs], 191 [M—H—CeH,05—  2-[4-(B-D-glucopyranosyloxy)-2-methoxy
H,07, 167 [M—H—CgH;,0] , 123 [M—H—CgH,0,—CO,]" phenoxy] acrylic acid
6 66 5031418  503.13953 45  CyHyOy 503 [M—HJ, 461 [M—H—CH,07, 371 M—H—C,H,0— 1-0-{(2E)-3-[4-(B-D-glucopyranosyloxy)-
CH04], 341 (M—H—CH,0—CHg0,—CH,0], 299 [M—  3-hydroxyphenyl]-2-propenoyl}-p-D-
H — CH,0 — C3Hg0; — CH;0 — CH,0], 269 [M—H—  glucopyranose
CeHy;50o], 167 M—H—C,H,0—CH;g0q], 123 [M—H—
C,H;,0—CyiHi504—CO,J
7 74 S0L130  S0L1I801  -10.0  CyHpOy 501 M—H], 293 M—H—C;H,0,], 255 M—H—C;H,0,— 5-methoxy-10-(7-methoxy-1,3-benzodioxo
GHyJ, 27 M—H—-CyH,0,—CGH,—COT, 271 M—H— 1-5-y])-3-(4-methoxyphenyl)-9,10-
CyHio0y], 151 [M—H—Cy3H,00,—CsHgO dihydro-4H,3H-pyrano[2,3-f]
chromene-4,8-dione
8 78 549.1218  549.12388 38 CyHpOy 549 [MFH]', 301 [M+H—CgH,,0;]", 286 [M+H—CgH,;05—  S-hydroxy-3-(3-hydroxy-4-methoxyphenyl)-
CHyJ doxo4H-chromen- T-y-O{carboxyacetyl)-
B-D-threo-hexopyranoside
9 78 559.1478  559.15049 48  CyHyOp 559 (M—HJ, 413 (M—H—CgHyi04], 269 [M—H—CH,;0,— 5,7-dihydroxy-6-(4-hydroxy-6-methyl-5-
CeHs0,] ', 239 [M—H—C{H,j0,—C¢H;0,—CH,0] 0x0-3+((3,4,5-trihydroxy-6-methyltetra-
hydro-2H-pyran-2-yl)oxy)tetrahydro-
2H-pyran-2-yl)-2-(4-hydroxyphenyl)-
4H-chromen-4-one
10 78 45TAT2T 0 45707044 49 CyHy0y 457 M—H], 325 M—H—CsH;0,], 163 [M—H—CsHg0,—  4-allyl-2-methoxyphenyl-6-O-B-D-
CeH,00s], 148 [M—H—CsHg0,—CgH,p0s—CH;], 344 ribopyranosyl-B-D-allopyranoside
[M—H=CygHy,0]
1 81 S19.0110  519.01332 45 CyuHpOp 519 MA+H]', 313 MAH-CH,0;]", 271 [MFH—CHyi0;—  5-hydroxy-3-(4-hydroxyphenyl)-4-oxo-
CHO]", 243 MAH-CH;0,—CH,0—CO]", 214 [M+H—  4H-chromen-7-yl 6-O-(carboxyacetyl)-p-
CH0;—CH;,0—CO—CHO]", 159 [M+H—CsHc05]",  D-glucopyranoside
127 [M+H~CH,,0,—C, H05]
12 87  499.1841  499.18100 62 CyuHy0p 499 [M—H], 457 [M—H—C,H,0], 367 [M—H—C,H,0— (2R 35)-3-methyl-4-methylene-3-propiony-
C3H05], 163 (M—H—CH,0—C3Hi0;,—CgHp,Of], 148 [M—  Itetrahydro-2-furanyl - 2,3 4,6-tetra-O-acetyl-
H—C,H,0—C;H¢0;—CH;,05—CH;] B-D-glucopyranoside
13 87 5451830  545.18648 64  CyHy0y 545 [M—H], 499 [M—H—CH,0,], 457 [M—H—CH,0,— 6,6"-dimethyloctahydro-2H,2'H-2,2"-

CH,01, 353 [M—H—CH,0,—C,H,0—Hy05] , 163 [M—
H—CH0,— C,H,0 — C HyOy], 148 [M—H—CH,0,~
C,H,0—CyiH50—CH;J

bipyran-3,3'4,4',5,5"-hexayl hexaacetate
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14 92 8952766 89528078 47 CeHgOp 895 [M—HJ, 689 [M—H—CyHyO,],, 527 [M—H— 4a8,12b-trihydroxy-3-methyl-9-6-methyl-
CyiHig0s = CeHigOs], 431 [M—H—CyyH;004—CyeHig0s],  5-((5-0x0-6-(2+(1,5 8-trihydroxy4-oxo-1,
463 (M—H—CyHy0,—CiigOy], 437 (M—H—CyHy0— 2,3 A-tetrahydronaphthalen-2-ylyethyl)-5 6-
CyH0;=CHy], 275 [M—H—CyHyO4—CyyHyO;—  dihydro-2H-pyran-2-yl)oxy)tetrahydro-
CeHp0s] 2H-pyran-2-yl)-3-((6-methy-5-0x0-5,6-
dihydro-2H-pyran-2-yl)oxy)-3,4,4a,12b-
tetrahydrotetraphene-1,7,12(2H)-trione
15 03 5051357 50503405 33 CyuHpOp 503 [M-HH], 257 [MA+H—CoH,04", 239 (M+H—CoH,0— 1 4-dioxo-1 4-dihydro-2-naphthalenyl-2, 3, 4,
H0]', 147 M+H—CH,0,—H,0—CH,O], 137 M+H—  6-tetra-O-acetyl-p-D-glucopyranoside
C‘>H12OS_C8HSO]+
16 100 4471294 44712857 19 CpHuyO, 447 MAH], 285 (MHAH-CH,O5], 270 MHH-CH 0~ L& FHTE
CH;]", 253 [M+H—CgH,40s—CH;—OH]", 242 [M+H—
CeHig0s—CH;—CO] ", 229 [M+H—CeH,00s—C0,] , 213
[M+H—CgH,(05—CH;—C0—CHO]"
17104 2850422 28503936 100 CyHiOp 285 [M—H]", 239 [M—H—CH,0,]", 211 [M—H—CH;0,— [(1-hydroxy-9-ox0-OH-xanthen-3-yl) oxy]
COJ", 159 [M—H—C:H,0,] acetic acid
18 105 5471079 54710823 06 CyuHypOy 547 MAH], 299 [M+H-CH,04', 269 MFH—CoHpOg—  2-(2,8-dihydroxy-7-methoxy-5,10-dioxo-
CH,0]", 241 [M+H—CyH},0,—CH,0—CO]" 5,10-dihydrochromeno[ 5 4,3-cde]chromen-
3-yl)oxy)-5-hydroxy-6-methyltetrahydro-
2H-pyran-3,4-diyl diacetate
19 107 5331278 53302897 22 CyHyuOy 533 MAHH], 447 (MHH-GH,04", 285 MAH—CH,04)", 3-(4-hydroxyphenyl)-6-methoxy-4-oxo-
270 [M+H—CH,;05—CHy]", 229 [M+H—CH; ;05—  4H-chromen-7-yl-6-O-(carboxyacetyl)-
C,0,]", 213 [M+H—C,H,,05—C,0,—CH,)" B-D-glucopyranoside
20 150 4073663 40736723 <23 CyHy 407 MFH]", 269 [M+H—CyoHyg]", 255 IMFH—CyoHjs—  2,6,10,15,19,23-hexamethyl-2,6,8,10,12,14
CH,J', 229 [M+H—CyH;s—CH,—CHy]", 203 [M+H— 18 22-tetracosaoctaen
CoHis—CH,—CH,—GH,] ", 147 [MA+H—CyoH s~ CH,—
CoHy—CH,—CHy], 133 [M+H—CyoHys—CH,—CoH,—
CH,—CH—CHyJ,
20202 2710604 27106010 L1 CysHy0s 271 [M+H]", 243 [M+H-CO]", 215 [M+H-CO—CO]", k&%
197 [M+H—C0—CO—H,0]", 153 [M+H—CH0]"
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— s 9 MBERHSY, 20 AEKHOY, I 2 Rk
— — TR TR R R TR, AT TR
; PR AR D o
= E—— o 4 it
= 1 AT R T A 11 A= AR 1 2547
- m— : i R IREE . ARG E,
= 1 SE 2GR K AR . TR, S, H TR
» PO I BRI 2 e e = i K. AE H AR IR & AN
21

TFGA S A BRE Hl 3R AL R TR

Fig. 9

78 G R TIEI

B9 AR~HEFRHSRKEE

Grayscale images of different components in

producing area

PHIB A M E TE R, SN ERR T
ZRMCEY, WELT R R . HIE,
DRSS TSR R PCA SELA R
PEPPAR AR DA R 2 S,

ARSI 45 8 BHEWT T ANR P AR A 256 T 3R



¢ £ % Chinese Traditional and Herbal Drugs 38 50 % %% 16 #§ 20194 8 A

» 3783 -

(1) 26 MUE VI EER , X LAl &) BA B I T
Wi 87, TR AR AR 2R 32 B 24 30 o B A i DAYR
AWFFT . SEER IR p LR 114 /SXF A 2444 2
PR H TR I & 1, B R & 1A
peakview H i A B B EHE 45 SR E O, BUAE
chemspider ## EH Joik s b & et =X, 39
XL 72 S B AR AT A SZ IR B R 45 7 AR i R A AR

P28, ARG, SEBANME. CEEN

21 MUEEA N IR LR R &), FERR

FEY R A R A AR S A B A

TR BT AL R g DL S MR R R BRSO E R

B IS S R AT A, SR R IR K

gy, S ReTRe S A E . A, TR AR

ZREVIROG, X 22 5 o IR AT A AR A 24

7 2 ) S E A AR 2 — o ARBFFIR B,

AN P~ M HOAR A 25 AL O AR R 2 57, B —

U BN E ME LA R B E AR SR, R sy

FROU VG AR M REAR |- P il B A 240 T =

SE

[1]  Fterg, ES10%. hAMMAKTERER 1] WAMES
524, 2010, 6(3): 115-119.

[2] WS, BiRME, XKE, & HPLC [RIINWE #LA
AR A 4 PR RS (0] R E R, 2005,
30(19): 1513-1515.

3] EHEFL, XA, A, 5 HPLC [FIE B e
TR [7]. AP IR, 2010, 25(1): 72-74.

[4] "EZH [S]. —&. 2015.

(3]

(6]

(7]

[10]

[11]

[12]

e, i, BE OB, 2 REP IO R R4
B [J]. FARABEZY, 2005, 25(6): 51.

XITeh, FEIS, AueiE, & A FE R R 1R A
FTAMRATNSENE 7] 28O RHZ, 2011,
39(35): 21631-21633.

Bk, AN, & 4, % J&T UPLC-Q-TOF-MS
HAREFAF =gt P A R E R [7].
2k, 2016, 47(17): 2984-2992.

2=, XN, Rk, %. UPLC-Q-TOF-MSF 4ié&
OPLS-DA PR e e bk F b2 o 5 R
ZRIREY [J]. FEZY, 2015, 46(15): 2212-2218.
JA7k Vg, ZEgde, sKER, . 5T UPLC-Q-TOF/MS
B FLR AN R AL R BT (3] R R, 2017,
48(6): 1087-1092.

Zefhimg, x| %, x| M, . 3T UPLC-Q-TOF-MS
RS TE AL Z 8 [J]. R, 2017, 40(6):
1339-1344.

TR, HalE, 20, & AR gkl AR
FW Bl RamEE 1] ik, 2007, 25(4):
509-513.

4 B TSN, T8, % REEESRWEN
ESI-IT-TOF JFBRHE R X 7] [J]. it 254K,
2007, 28(12): 2284-2289.

2O R, MEAZE, % SRR RS TR
TIERE R AR ARSI 78 [J]. R 2525, 2013,
38(22): 3970-3976.

PAILEN, E W, ATIRSE, S ARG R AE
iR RS AP AER 0] PR, 2017,
48(20): 4339-4345.



