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Identification on chemical constituents of aqueous extract of Scrophulariae Radix
by UPLC-LTQ-Orbitrap HRMS combined with cleavage pathways

CHEN Xiang-yang, ZHAI Shuo, XU Lu-lu, JIANG Li-juan, JIANG Yan-yan, LIU Bin
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To rapidly identify the chemical constituents from the aqueous extract of Scrophulariae Radix by UPLC-LTQ-
Orbitrap HRMS combined with cleavage pathways of different chemical constituent cluster. Methods The analysis was performed on
an Acquity UPLC® BEH Cg column (100 mm x2.1 mm, 1.7 um). The mobile phase consisted of methanol and 0.1% formic acid
aqueous solution was used for gradient elution, with a flow rate of 0.20 mL/min. ESI ion source was applied for mass spectra under
positive mode. Results The cleavage pathways of iridoids and phenylpropanoids were summarized based on mass data of standards.
The constituents of the aqueous extract of Scrophulariae Radix were further analyzed by using the mass data and element compositions
analysis, and referring with the cleavage pathways, literatures and ClogP value. A total of 61 constituents were identified, including 28
iridoids, 27 phenylpropanoids, and six others. Among them, three acetylangoroside C and methoxylscrophuloside B4 were new
compounds, and stegioside III was identified from Scrophulariae Radix for the first time. Conclusion UPLC-LTQ-Orbitrap HRMS
can rapidly and comprehensively characterize the chemical constituents of the aqueous extract of Scrophulariae Radix, which provides
a reference for the clarification of efficacy material basis and quality control of Scrophulariae Radix.
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P sl LA L, R TR, IR T
TN SERBER SRR R s X XS
IKSED A ZE B AT Tk BAS I N L2

B4R (HRMS) HEARMEN—MEEER
B R I M R ) FI5E K4y TS5 MR AE AR
IR, BERSSEILIRGE . =it o #r B A=k
EY, BRETIZ BB R b AR
R RA UL i e e i e Y,
TBF- R BE B ME (LTQ-Orbitrap HRMS) %>
HE S T $E At FEER A 100 000 FIARRT 21
MR ERE A E R, Tt B8 b
J% AR ZR R 24 R R B R A A AT
FAUE B UPLC-LTQ-Orbitrap HRMS R &5 & % 5
HAS [ 25 1 0 B IR E LRI A 5 % K32
W AT BN RGNS e, BIERIEXS
IR I B R 3R, R — P R X K52
293500 IR R R R I B A
1 NESHR

KQ-100DE %45 5 i e dy (RIS X
#5/2F]); Dionex Ultimate 3000 # = R0HUFH TR
(ZE[E Waters A ] ); LTQ-Orbitrap XL £ VEE 1B
— I L PE PR (32 Thermo A,
A% T (ESD), Xcalibur 2.1 T.{Euk;
Sartorius BT25S L7730 Mr K F (AL 28 2 R X
AR AFD.

Z&58 (LS 140101, FA3irin) W E % E
B AR BRAF, KBRSk
AREETNZZHEN XS Scrophularia
ningpoensis Hemsl. BTG ; FF AN B 45) Oy o
ali (3£[H Fisher A #]); ACHBEAIK; BELE (its
151221) AT C (HE'5 16100905 X HE i i)
TR AR ARG IR AR, HESEHKT
98%; M ERFF (MUST-17051504) BEACHEE (b
5 MUST-17020715) X B8 506 T B #8 2 Bre A=  f
HAWRAF, FHESEIIKRT 98%.

2 HE

2.1 ARRIECH

2.1 RIS ol B R AR
C. MM BEARETRLEE, BEReE,
BT 10mL =i, INREESER, ER82ZE,
0.22 pum FUALIERENERE,  BPFSVR A X R S VA
2.1.2 S XS 20 g, BL10
R EKEIIEE 2 Ik, Fk 2h; JE, A FFIE

BERAGERT, REAVTE, NRXSKEY.
B Z 2 KB K 25.0 mg, & 10 mL &3,
30% I EERE PR IR TR R Z0 P, $RED, 0.22 um il
FLUEME R, RIASA A
2.2 UPLC &1

it F:: Acquity UPLC BEH Cig 4 (100 mm X
2.1 mm, 1.7 pm); VBAHANHEE (A -0.1%F R
IKIEW (B); BEEYEi: 0~2 min, 2% A; 2~6 min,
2%~10% A; 6~14 min, 10%~28% A; 14~21 min,
28%~36% A; 21~25min, 36%~55% A; 25~29
min, 55%~60% A; 29~33 min, 60%~85% A;
33~39 min, 85%~90% A; 39~40 min, 90%~100%
A; 40~41 min, 100% A. RFUAE 0.2 mL/min;
HEFE R 3 uls AR 35 Co
23 FRIEH

B E B T8 (ESD, 1B FHalit=, F40
EIEN 350 C; By SRR EN 40.0 uL/min; %
B SARARFR IR B4 20.0 pL/min; 155 %5 B3 5 A 4.0 kV;
EMERLE N 25V, EFREBEHN 110V, FEA
HJEE m/z 100~1 500, A5 #5230 0005 —2%
VK F E s O It 44 (data dependent scan,
DDS), EH b —F w3 AT Al
5% (collision induced dissociation, CID)
45, CID 0% Q 18 0.25, & I8 30 ms, H—
ARG B 7R 35%
3 FER5HR
3.0 ZSPRRERDFHERBRES

K FH UPLC-MS" X &% 8 S BG4 T 04, 1E
B TR R A . AR s e T
G, SSRGS RN AR
3.0 INIEEERE R SRR BB R
G NG B TN miz 387.125 6 [M+Na]*, —2%
FRVE R AR R T miz 369, 269, 225, 207,
203. 189, 185, HAVRHIEYERE B+ m/z 207 A1 189
REFESF m/z 387.125 6 AHAk R Z: 1 4l EECN
180 M & (CeH1206) A1 1 20 F HO F=42, [FIEY
B m/z 387.125 6 KANEE WL L BZIE
CoH 1204 (mi/z 184) HGE T m/z 203 [CeH 1,06+
Na]", m/z 185 WA [C¢H,06+Na—H,0]", m/z
387.125 6 k25 1 7 FIREECH 162 iK% b
(CeH1005)F 1 43F HyO 73 A P2 A0 B F m/z 225
[M+Na—Glc] 1 m/z 369 [M+Na—H,0]"; 14F,
TR AR DL T miz 269, FLIC R AR MY
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WA CiiHisO6Na, HEMH B 1 m/z 387.125 6 1
B2 BRI IR B R AR TR R X C4HgOy (miz
118) FRVERE P2 A o W B itk B RN AR iR 12
WL 1-A F1E 2.

M EAREE R RIEE T I E ST miz

517.165 7 [M~+Na]", HAFE —ZHER BT miz 369 Fl
mlz 351 NET mlz 517.165 7 M4k KF: 1 40T EERR
(CoHgOAT 1 431 HyO s m/z 203 [CeH 1,06+ Na]™
H1 m/z 185 [CeH 206+ Na—H,O1" i %1 B 4510 1
FET. WEMRE g E LA 1-B.
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A [ = g Z =8~ a8 ¥ 8w lI o6 20 q o 2 g2 2 5 oIFR
S || o g2 o d=g S == = 7| NS A NN = X I = BN R & Ve
v = o5 — ;s —— O s W= e g R R N o P ! '
< Ay [ S3xne 32 B Q 2 CORN QT LX N = S T T 2 Slgs
e AN N cn Cen | —Q NN o A cenen TS N O A o + T+
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Fig. 1 ESI-MS?’ spectrum of standards
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Fig. 2 Cleavage pathway of harpagide

ZSHINGEEW R A 2 N E R, B
WLV . X A WHERE I R
LR RBENRIEE . BT LRIE T, X5
A5 Tk s EF 28 A S D8 TS P R R B DN & U
[M+Na] &R, %ERHO. Bk (m/z 162).
PIHERR (m/z 148D XIS IR (m/z 164) . MIHERR (m/z
180). FiIZRER (m/z 194) ZEvpMEmE s, H ZUmiE
W55 AT LA R AR P R BT m/z 203 AT m/z 185,
3.1.2 RNRBUEVRMIE T CrE—

2 e B AR A BN miz 807.267 0 [M+-Na]™,
IR PR IERE ST I T miz 675, 661 1 613 7
BN T miz 807.267 0 ZK 1 73 TRIHLAEKE (miz
132). 1 TR (m/z 1460 1 5T P EEER
A, R ILEE BT m/z 529 [M+Na—Rha—Ara]
m/z 481 [M+Na— Ara— ferulic acid]"« m/z 467 [M+
Na—Rha—ferulic acid]". m/z 335 [M+Na—Rha—
ferulic acid—Ara]". ZHEIEE C 2 KA 4R
BRI 1-C fE 3.
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BEHEETE - REEPINESE TN miz
647.193 2 [M+Na]", H ZRiEd =AM A 8+ m/iz
501 [M+Na—Rha]". m/z 483 [M+Na—Rha—H,0]".
m/z 467 [M+Na—caffeic acid]’~ m/z 321 [M+Na—
caffeic acid—Rha]"; B4k, m/z 647.193 2 [M+Na]
Rk TRRIR CREFL G MR ITIE T CsHi003 (miz
154) FAAEREFT BT m/z 493 [M+Na—CgH;00;] -
BEACHEE G LE 1-D.

XS IR R R I EA TR Z HARE RS
CHnPAEERR . & IR WIHERR . FBRIRES) SAi 4
(e S AI ER (N A ER e 7y A M S
IR B BRI AT, KA
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Fig. 4 Total ion chromatogram of aqueous extract of Scrophulariae Radix

£1 ZSKEWILFER 4 E UPLC-LTQ-Orbitrap HRMS X E 4R
Table 1 Chemical constituents identified from aqueous extract of Scrophulariae Radix using UPLC-LTQ-Orbitrap HRMS

SIME (miz)

gt (mh2)

R

W5 fp/min VAN TR MANT (X109 MS/MS (miz)’ e

1 8.45 531.166 3 CyHpONa 5311684 -39 369, 351, 333, 503 6-O-p-H B AL fEF ©

2 8.67 387.1252 CisHyuONa  387.1262 =26 207, 203, 189, 369, 225. 185 stegioside III*

3 9.10 355.1357 C15HpO0Na 3551363 -18 193, 337 ningpogoside A°

4 1036 399.125 1 CiHyONa 3991262 28 203, 237. 381 6-0-F BRI ©

5 10.54 549.177 1 CyHyONa  549.1790  -34 365, 387, 347, 531 6-0-p-HH A A

6 1094 3871253 CisHuONa  387.1262 =23 207, 203, 269, 189, 369, 225, 185 MAEF™

71157 549.1773 CyH0Na 5491790 32 365, 387, 369, 531, 347 6-0-p-H R MR A R4

8 1166 399.125 1 CigHyONa 3991262 -2.6 203, 185, 237, 219 Lgrm

9 1204 549.177 1 CyH;ONa  549.1790  -34 365, 387. 347. 531. 369 6-0-p-E A MR B R A

10 1253 401.1410 CigHyOpNa  401.1418 =08 221, 203, 383, 239 34-T R TR ¢

1 1269 369.1149 C,sHy0,Na 369.1156  -2.0 351, 189, 203. 185, 171 R SR

12 1324 401.1411 CiHyONa 4011418 =07 221, 203, 383, 239 Jamiol®

13 1341 369.1152 C,sHy0,Na 369.1156  -04 351, 189, 203, 185, 171 78-F BRI

14 1348 383.130 5 Cy6H00Na 3831313 -19 203, 221. 351. 365 6-0- FF BBk M-I

15 13.88 5271359 CyHys0;4Na 5271371 -1.2 365, 509, 347 6-O-HEREFE - B-D-R I 5L 2-a.-
DI R ¢

16 1415 527.136 3 CyHyOuNa 5271371 -1.6 365, 509, 347 6-0- W e i 3 -B-D-1k 1 L 8 -2-01-
DR AR b ¢

17 1483 511.1412 CyHyxONa 5111422 =20 365, 493, 349 WA F

18 1594 511.1407 CyHyxOpNa 5111422 =30 349, 185, 203, 331, 493 6-0-p-7 5 B FERE ¢

19 1613 499.1772 CyHnOpNa  499.1786  -2.8 353, 331, 481, 319 B-(-F-4-HEHER) 2& 6-0-
o-L- W & ZE B -(1-3)-0-B-D- it
W B

20 1649 425.1409 CisHyONa 4251418 -27 293, 407 IR 356 0-ct- LML R BT 41 - -
D-ML R E b ©

21 1674 6312194 CoHiOgNa 6312209 —24 485, 499, 353, 463, 615, 467 LP B g AR ©

2 1687 541.151 1 CyHy0;Na 541.152 8 =31 379, 361, 203, 523. 185 PEAG TS 4 A5

23 173 541.151 6 CpHyONa 5411528 -23 379, 203. 185, 361, 523 6'-0- P B TE A ¢

24 19.41 439.156 6 Cy9Hy50,0Na 439.157 5 -1.9 307, 317, 421 Phenethyl-B-primeveroside®

25 2058 657.198 9 CyHy0Na  657.200 1 -1.8 495, 347. 477, 365. 333, 639 6-O- AR BRI 2 1)-0-t

AT (6— 1 - O i ¢
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gR1
WE  min SeulfE (miz) P HiRE (m+/z) i%;ﬂi MSIMS () ol
[M+Na] [M+Na] (X107
26 2091 549.156 9 CyHyOpNa 5491579 —-17 365, 531 347, 207 6'-O-MNHERE Fns L
27 2142 779.235 8 CyHuOpNa 7792369  —14 633, 647, 501, 599, 453 ehrenoside®
28 2167 375.104 5 Cy7HyOsNa 3751050 =06 315, 169, 357, 229 ningposide C isomer?
29 2226 647.193 6 CyuHyOsNa 6471946  —-1.0 501, 467. 321. 493, 483 EEIH
30 2229 495.145 6 CyHyOpNa 4951473 —34 333, 185, 203, 315 Brofus A
31 2269 405.1151 Cy5Hy00Na 4051156 -13 345, 169, 387, 327, 217 ningposide B?
32 07 375.104 7 Cl7THyONa 3751050 =09 357, 315. 169, 229 ningposide C*
33 2388 405.114 8 Cy5Hy0Na 4051156 -0.8 387, 345, 327, 169, 217 ningposide A*
34 24.02 7932509 CyHyONa 7932526 —21 647, 661, 515, 453 scrophuloside B1°¢
35 2444 563.1719 CyHpOpNa 5631735 =29 379, 545, 361, 207, 189 6-0-B BB s A
36 24.87 647.193 1 CoHyOsNa  647.1946  —2.5 501, 467, 321, 493, 485, 483 FEEH
37 2496 793.250 8 C35Hy019Na 793.252 6 -1.8 647, 661, 515 scrophuloside B1 isomer
38 2547 7932513 C;5Hy6010Na 7932526 -1.3 647, 661, 515, 453 scrophuloside B1 isomer®
39 2586 661.209 7 CyHyOsNa 6612103 =10 515, 499, 481, 335, 493 WA

40 2613 563.172 1 CuHpOpNa 5631735 =25 379, 545, 361, 207 (0.38), 189 6™-O-FiAikJkms O Ryt ®
41 2624 807.266 4 CiHiONa 8072682 =22 661, 675, 529 613, 467, 481, 335 Zeheigts €
42 26.69 563.1723 CysHz)013Na 563.173 5 =22 369, 351, 203, 185. 545, 401 8-O-FZRBEAL NS A Rp ik

43 2687 807.266 2 CyHiONa 8072682 =20 661, 675, 529, 613, 467 GRIEE C Rtk

4 2112 8492773 CygHsONa 8492788 —1.7 703, 675, 789, 661. 529, 509, 335 Z.Btaehsis ¢

45 27134 679.2203 CyHiONa 6792209 0.6 531, 351. 513, 323, 203 6-0-a-D-MLIRg ¥ FLAEFE G B
46 2741 849.278 3 CyHsOpNa 8492788 —0.5 703, 675, 789, 661, 529, 509, 335 ZBEZIKTF

47 2769 675.225 1 CyHO;sNa 6752259 08 529, 481, 335 s

48 2783 8492775 CygHsONa 8492788 —1.5 703, 675, 789, 529. 509. 661, 335 ZBEtaskist

49 2789 675.224 6 CyHO;sNa 6752259 20 529, 481, 335, WA D

50 27.95 533.1617 CuHyOpNa 5331629 —24 369, 351, 203, 185 8-0-F SRt

51 2813 679.2202 CyHiONa 6792209 0.7 531, 513. 351, 323, 203 6'-0-0-D- L W - F 8 B iy B4 5

6'-0-o-D-NE A E RS O
52 2822 563.1722 CysH3,0p3Na 563.173 5 -13 369, 351, 203, 185. 545. 401 8-O-P B A S U

53 2856 389.1197 Cy5HyOgNa 3891207 =26 371, 329, 169 ningposide D

54 2871 517.166 0 CyHO;Na  517.1680 -39 333, 499, 315, 207, 189 6'-0- P EER SRS T4 ¢

55 2911 733230 4 CyupHpOpNa 7332314 -14 703, 571, 553 scrophuloside A5°

56 30.08 517.166 3 CuHyOpNa  517.1680 =33 369, 351, 203, 185 W ERH

57 30.54 547.1772 CiHpOpNa 5471786 26 369, 351 8-0-FH A S A RERESEnG T 4
58 3315 7752413 CyHyuONa 7752420 =07 597, 537, 495, 435, 385, 477 scropolioside A°

59 34.64 893.283 6 CpHsONa 8932839 —03 685, 495, 731, 537 methoxylscrophuloside B4°
60 3546 893.283 0 CpHsONa 8932839 —0.9 715, 495, 537, 731 scrophuloside A4°

61 3561 863.2719 CoHgONa 8632733 —17 685, 495, 537, 701 scrophuloside B4°

* R IBIL XS HE S L S5 s T B TARGEAR X B R EVICHE S s a- PR R R R BRI 2S O- PR IR T R AR R 2 - PR SRUIR LA B BRI o
[ESIN S TSN (LB
*further confirmation in comparison with authentic standards; “fragment ions ranking from high relative abundance to low relative abundance;

a-cyclopentane-type iridoids; b-cyclopentene-type iridoids; c-epoxycyclopentane-type iridoids; d-phenylpropanoids; e-others

B, REEMRT 28 DIEBEEE IO, B WEMEE MY 11 OARIERD . 35 GRIK
18 DI RGERIIAIRBERE S 4 DIARIG TR KD, 52 GRARAD . 59 GREM AR . 60
HEEF AN 6 NIRAIE R R MR MRS . o, (A EERD A 61 GREIA IR NFvER
i AT ARl A b s e, bk A



° 2828

¢ £ % Chinese Traditional and Herbal Drugs 38 50 % %8 12 #§ 20194 6 A

A 11 (1 59 12,69 min) HIINEE TN m/z
369.115 6 [M+Na]', JCRA R HT RN IZISW 5
T3 CisHypOoNao 5T 1 7 A RFHIERE 1 T milz
351, 189, HEMIAREE T m/z 369.115 6 AHLk K2 1 43
T H,0 Fl 1 2 FRIERE (miz 180) JERL, Y30 WA
HIREIIRFERE BT m/z 203 [CeHpO+Na] Fil m/z
185 [CeH ;06 +Na—H,0] . i FiRkSHRigm 454
SCHRARIED ', HEWHL S 10 BRI

&Y 35 (tx N 24.44 min) 152 (1 N 28.22
min) [IINA BI85 38 m/z 563.171 9 [M+Na]'.
m/z 563.172 2 [M+Na]", B EHKEF mz
387.125 6 K 176, i A RefAAERT BRIt AL 454, T
R RS ZFH B 7N CasHi03Na.
& 52 ik kg m/iz 369 [M+Na—
ferulic acid] 3t — 5 1iF B iZ Ak & W0 A7 16 P B R S 45
MG, B A BT m/z 351 [M+Na—
ferulic acid—H,0]", m/z 401 [M+Na—Glc]", m/z
203 Fl m/z 185, 4E&Z2% k'Y, kb &4 52
N 8-O-FIBEBEIE M L. L&Y 35 it bt
W miz 379 WENFESF m/z 563.172 2 K%E 140 T
CoH1204 (m/z 184) A%, VLB NI EFESS I FAF
TER BRI B . B ER RS A5
SCHRM,  HEWT L & 35 9 6'-O-FT BRI FE IS T

&9 61 (1 A 25.61 min) [IINEE TI&EHN
m/z 863.271 9 [M~+Na]", JCRA LT BRI T
N CypHygOgNa, FEERE BTN m/z 701 [M+
Na—Glc] .
acid]’ m/z 537 [M+Na—methoxylcinnamic acid—
acid]” « m/z 495 [M + Na —
methoxylcinnamic —cinnamic acid— C,H,0]", #F
BLERIR R IR 4 & SCERARED ), HEWT L &4 61 A
scrophuloside B4. L4459 1 60 04 5 1 g 5y
AN m/z 893.283 6 [M+Na] Al m/z 893.283 0 [M+
Nal', BT m/z 8632719 K 30, LR MH T
IR BT RIIN CisHse010Na. LAY 60 K%
fERE R B ¥ m/z 715 [M+ Na— methoxylcinnamic
acid]" Al m/z 537 [M+ Na—2 methoxylcinnamic
acid]’, R IZ WA 2 NHEIE TS
. B CERIRIEDY, HERLEY 60 A
scrophuloside Ad. Xf L2 T, HEY) 59 HIRHIER A
7N m/z 685 [M+Na—dimethoxylcinnamic acid]”
1 m/z 537 [M+ Na— dimethoxylcinnamic acid —
cinnamic acid]", FHZULEWHFE 1A HEAREN

m/z 685 [M + Na— methoxylcinnamic

cinnamic

FEMEILEE MY, HEMNZAL SN 1 S EY), B
44 methoxylscrophuloside B4 .
322 ANRBUEMMGEHET N XSKIEY
BT IEHAE AT AT, SH IR R B 0 RAE
BEROCHERRIE, RS EHERTH 27 MRNRENE
Yy, HAh B EAEHE T A M IS C i X HE G 6T
55, HAZRAY S E LML EY) 30, 39, 44,
46. 48 NI VERENTISFE .

&M 30 (i N 22.29 min) KNG E TI& K
m/z 495.145 6 [M+Na]', JCERARISHT BRES T
N CyHpsO1oNa, FHIERE 85T m/z 333 NEHE T
m/z 495.145 6 K35 1 73 FIREEL 162 FIRBETE K,
BT miz 333 k3% 1 40T H,0 F1 1 207 AR 40 5l
P4 miz 315 Fl miz 185. R¥E LRI IEFTLE
SCHRARGEPI M, HERTE A 30 AET RS AL

& 39 (1 N 25.86 min) FINNEE 1&g K
m/z 661209 7 [M~+Na]", B INE &g
m/z 647.193 2 K 14, JuRAM DM R0 TN
C3oH33015Na. EEH T BTA m/z 515 [M+Na—
Rha]’. m/z 481 [M+Na—caffeic acid]’« m/z 335 [M+
Na—Rha—caffeic acid]’; B4k, m/z 493 AEEE T
m/z 661.209 7 K% 1 55T CoH 1205 (m/z 168) WEF,
ULBH R OR IR SE M B e IR R R Bk
BER RS LS & SR IRED), HEWT L S 39
HNRKET Co

15 44(tg N 27.12 min )46t N 27.41 min)
Al 48 (1 Ny 27.83 min) MIINEE TIEDHIN miz
849.277 3 [M+Na]'. m/z 849.278 3 [M~+Na] Hl m/z
849.277 5 [M+Na]', ®ZKiEH C BTIE m/z
807.267 0 kK 42 (C,H,0), HtHRMHAWM T ER=
Hor T RN CigHsoOxNao — 38 2l i3y 7= A
PEF BT m/z 789+ 703+ 675, 661, 529, 509. 335,
Hod m/z 789 NE T m/z 849 %:3: 1 4> F CH;COOH
PR, HEMZ 3 MU ST RSN OB 2 I Cs
m/z 703 661 F1509 458 [M+Na—Rha]'. [M+
Na—Rha—C,H,0] 1 [M+Na—Rha—ferulic acid]";
FERE R BT miz 675 F1 miz 529 AN E T miz
849 Ml m/z 703 K% 1 7T HiEHL 174 WP R,
gh BRI HEWHZRE A oA A BT R RS . DRI,
ML A 44, 46 F1 48 24 3 AT LB 285
C, LBRIEERAT BAEFTRAAREN 2. 3 8k 4 AR5,
3.2.3 HARKRUEDIILSE ST  SHEIN R
IR R BRI, WNZSKIED T %
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& H 1T AR R EY) 20 CRHIJE-6-0-a-L- At iEE
BIHACTRE-B-D-AL R B & B 1), 3 MR AR H RS
Y19 [B-(3-F2dk-4-HEHIEK)- 2.5, 6-0-a-L-Mt iR iR 2=
FE-(1-3)-0-B-D-NEMG I I B 1] 21 (KRB BUBESL G
BT ). 24 (phenethyl B-primeveroside) PAIXALEW)
3 (ningpogoside A) F1 10 (3.4- " FFFHFIEFERE).
4 Zig

AW T R UPLC-LTQ-Orbitrap HRMS %
REEERAERMR BRI T X0 X B K P 2218
IR TE . T AT X SRR )
Ry, SRR R T IR, SRS 2 BRI
RO RE R EAT 204, G5 AR IR A A IE S 1A 5
BT N AT e . R AR %
WIS C BETEHE 145 B2 IE B TR T 5
TRHE, KA S P R S TG SN AR N 3R 2B Ry
HIZERR BN I, WU B R AR IE T
BT B oS B AT 0 A

i v HE U AR BERIRS I 2 T B EAE R
TR N RPGEH RS TEE, &%
R AR DL AR SCIR, N ZSKERY) IR
SESEWTHE 61 MBS, b s 4 ANE A
MRS PRI, SREY L SR E
BN BERS T IS IR B RAE SRR )

XK BA B O 5 E A AL LAE JE
TR UG SR R o STHRRIET I e A% V5 C e
TR E % 0 = AU, Bk I s R
OB BN, BESEREE RERS R R
SRR RO . SRT, XS X
S IKARI R 25 3000 24 380 T 1) e 4 ] AT A R A
o ASEW XS/ AR RS, AU
B XSRSy WK, T H I Z Sk R ik
TR E— 2 e B N BT B R AR AR
S
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