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Abstract: Objective To establish a study method for discovering quality marker of herb Meconopsis integrifolia (Non flower parts)
based on spectrum-effect relationship for its quality control. Methods UPLC fingerprints and UPLC-ESI-Q-TOF-MS/MS method
were used to identify the chemical components of 10 batches of HMI extracts. The total antioxidant capacity, ABTS free radical
scavenging ability, DPPH free radical scavenging ability and superoxide anion free radical suppression ability of 10 batches of sample
were determined. Principal component analysis was used to screen antioxidant capacity index for HMI. Grey relational analysis was
used to analyze the correlation between antioxidant capacity index and common peak of fingerprint spectrum. Then, quality marker
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could be preliminarily discovered by comprehensive analysis associated with antioxidant capacity index and efficacy-related
constituents. Finally, the constituents were separated by HSCCC. Results A total of 29 common peaks were identified from
fingerprints of HMI extracts. 18 constituents were identified by UPLC-ESI-Q-TOF-MS/MS analysis, including 16 flavonoids and
two alkaloids. DPPH scavenging ability was screened by principal component analysis which could reflect the antioxidant capacity
of HMI extracts. Grey relational analysis showed that the correlations between the 29 common peaks and DPPH scavenging ability
were all greater than 0.5. The quality markers of HMI were quercetin 3-O-B-D-glucopyrannosy-(1—6)-p-D-glucopyranoside and
quercetin 3-O-[2""-O-acetyl-p-D-galactopyranosyl-(1—6)-B-D-glucopyranoside] by comprehensive analysis. Among them, quercetin
3-0O-[2""-O-acetyl-B-D-galactopyranosyl-(1—6)-B-D- glucopyranoside] is a new compound. Conclusion Study on the quality
marker of HMI based on the spectrum-effect relationship is of great significance for elucidating the pharmacodynamic material basis,
screening core quality marker related to medicinal effect, and ensuring the safety and rational application of traditional medicines.
Key words: Herb Meconopsis integrifolia (Maxim.) Franch (Non flower parts); UPLC; quality marker; spectrum-effect relationship; flavonoids
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Table 1 Sample information of M. integrifolia

g5 KA S RAEERT [A]
S1 Fif S 21 S BB R 2 ik va) 2015-06
S2 R HUM AN B e 41l 2015-06
S3 AT S 750 1] L Eb 4 X EL BB 1L 2015-06
S4 HHUN B &3 2 2014-08
S5 B U N4 B4R 2 2015-08
S6 H PO B S LR SR H RS b 2014-06
S7 H A i s L S AL T 2014-06
S8 BT N4 B 2R TR 2 2014-05
S9 HAUNEEEH Z LT 2014-06
S10 HABON e B 2 i 2015-07

2 FE
21 HiXSEAERNSIE

LG AR 20 20 g, 0 8 AR 70% 2%,
AR 3 K, BEK 1.5 h, i g, A IFUENR, 45 C
R [FISCATR, BRI A E B AR K TG, AT
IR ETH, RAET 4 CukFTh#&H.
211 AR AR R PRI 50 mg 2
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&
2.1.2 FROUENE AL AR REEREL 25 mg B
BTH, 50%TELEAE, A% 25 mL &I, Hilpk
B 1.0 mg/mL R 5, RAFT 4 CUKFE
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W NG (A) -0.1%VKESER KA (B), KR
Yefbi: 0~10 min, 4%~14% A; 10~20 min, 14%~
16% A; 20~30 min, 16%~25% A; 30~35 min,
25%~60% A; RFE 0.3 mL/min, A3 30 C,
KK 210~400 nm, HEFEE 2 pl.

BT UE N ESHE, B PR, e
JiFEl m/z 100~1 000, &5-FIRIRE 100 'C, B4NE
HiJE 2.8 KV, BRiAFIEE 250 C, Bya<S AR HE
500 L/h, HEFLHLE 25 kV, #EFLSUE 40 Lh.
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24 BRUESVNEENE
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H234i6j19“1|131 sl 1o l2122“\ i |L'qa..%7,ﬂ "~ . \ 29
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1 HMIZER¥IHY UPLC 454 EIE (A) FxiERIELEE (B)
Fig. 1 UPLC fingerprint of herb M. integrifolia (non flower parts) extracts (A) and reference (B)
&2 HMI ZEE S EIERIVESER
Table 2 Fingerprint similarities results of herb M. integrifolia (non flower parts) extracts
TS s1 S2 S3 S4 S5 S6 S7 S8 S9 S10  XfMRfearEuE
S1 1.000
S2 0.849  1.000
S3 0.795 0.941 1.000
S4 0.793 0.741 0.760  1.000
S5 0969 0.844 0.788 0.791 1.000
S6 0.895 0.923 0.861 0.892 0.874 1.000
S7 0.868 0.821 0.759 0.935 0.841 0.962 1.000
S8 0.855 0.877 0949 0.801 0.840 0.854 0.774 1.000
S9 0900 0.839 0.830 0.954 0.868 0.938 0.948 0.875 1.000
S10 0.845 0.835 0.852 0.947 0.843 0.929 0.942 0.836 0936 1.000
SHRfRLEBE 0939 0937 0920 0.902 0924 0973 0936 0.929 0.963 0.947 1.000

B BE ] AT HR O B0 B A S s g i
2 -3-0-B-D- %] %] Hi % -(1—6)-B-D-Fii %5 ¥ F 9 i
e K X b AR T AR
VIR RS AR T RT Jv 19.0 min 1 H
JEZERE (M) FIENTIHAT U . 1E & P —
PErR, AL HES T B I miz 354.13 [M+H],
T 2T 39 CooH1oNOso — 21, m/z 354.13
EK 15T H0, 774 m/z336.12 [M+H—H,0]",
m/z 354.13 WEEER 1 73F H,O F1 H, P4 miz
334.09 [M+H—H,0—H,]".m/z 336.12 %k < C,HsN,
A % miz 293.09 [M+H—C,HsN] . m/z 334.09 %%

CH3N, A:pl m/z 305.08 [M+H—CH;3N]". 14h,
miz 354.13 T RAETFHR, ARk miz 206,09, 44 ik
FIWETEHART, HEMZ R 2 R 30 1 S0
B TR AT Ae i o 1 AR I 12 LI 3.
33 IMAEWIEMEMR

10 #t HMI S22 2 & & DLk
MU RIS 25 5 W3 4. AR HMI $2E)
AR S S BN EERM WS, MAHR
SRIRAMIU AT I, (HIREU R S A& &
BAK . 25 SHUEETEA (TR0, LAtk R
RIBATHIFL -
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2 HMI $ZEW49 BPC
Fig. 2 Base peak chromatogram of herb M. integrifolia (non flower parts) extracts

#£3 HMI 2B UPLC-ESI-Q-TOF-MS/MS (b E ML ELER
Table 3 Identification of compounds in herb M. integrifolia (non flower parts) extracts by UPLC-ESI-Q-TOF-MS/MS

G5 gmin PR WTET WEMHMY HHEm) B0 AR A O R R
ML 1035 CoHNO, [MHHIT 321728 301705 66 00 KR 296,282, 219, 265, 237, 222, 209, 191, 181, 162
M2(P23) 1362 CyHyOp [MAHH 6271581 6272561 31 B30 EE3OBD- R 16/ p-D-BER 308, 273,247, 187,163, 145, 127
M3(P24) 1511 CeHyOp [MAHH" 6691636 6691667 46 U0 3OO ZRREB-D-RTAINER(1-6)-p-D-HTiNEH] 303, 229, 205, 187, 169, 145,127
M4(P2) 1559 CeHyOp  [MHHI 6691686 6691667 29 U0 WEE3O"-O-ZEREB-D- YRR (161 p-D-ATEINEH] 303, 205, 167, 145,127
M5(P%) 1607 CeHyO [MHH] 6691651 6691667  -24 W0 3OO LR D-RIETREE(1-61f-D-BiATHH] 303, 205, 187, 169, 145, 127
M6(P2) 165 CeHyOp [MHH" 6691655 6691667  -18 W0 306" 0- LA BD- RIS | —6)f-D-RiATHEH] 303, 20,167, 145,127
M7(P2) 1769 CyHyOp [MHH  TILA82 7MAT73 13 150 B 303, 247, 229, 205,167, 169, 127
M8 1836 CyHaOp [MHH[' 4651005 4651083 -39 120 A 303
MI 1899 CyHgNO; [MHH' 354135 34141 -18 20 AHIEH 386,334, 305, 293, 275, 267, 248, 206, 188
MO 2037 CyHyOy  [MHH 7101804 74773 44 B0 EE B R 308,247,229, 187,169, 127
MU 2000 CyHyOp  [MAHH 7111768 74773 06 B0 EE B R 33,187
M2 23 CyHyOp [MHHT 7101791 711773 26 B0 EE B R 308,247,229, 187,169, 127
M3 29 CyHyO [MHHT 711779 7U4773 09 B0 EE B R 33,221,121
M4 B3 CyHyOy [MHH 7111814 7MAT73 58 150 B 303,247,187
M5 249 CyHyOn [MHH' 7531670 7531878 -1l 160 W=7 R 303, 229,169,127
MI6 2621 CgHyOn [MHH' 7531016 7531878 50 160 W=7 R 303,229, 187,169,127
M7 2812 CgHyOn [MHH' 7531670 7531878 -1l 160 W=7 R 303,229,169
MIS(P29) 313 CgHglr  [MHHTT 3030405 3030505  -32 10 %ﬁ#&% 274,257,229, 201, 165,153, 137,127, 121

SN
CH3N CHZO

—1 -H,0
/\) miz 334 miz 305 miz 275

o @% . E"% . &’
<0 ) -CoHgN CH,
[M*H] m/1254 O‘ <Z OO <Z Of

m/z 267
miz 336 m/z 293 /
'CeHeoz \24"'802 +_H}
NH, _1 NHZT 0 N ‘
. soo RN L
4>
NSOG8 &

m/z 206 m/z 188

El3 HBIERBIESTFERTRNRRRE

Fig. 3 Proposed fragmentation pathways in positive ion mode of chelidonine
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F 4 HMIRZEHIEIMIE L RETNELSR
Table 4 Antioxidant capacity of herb M. integrifolia (non flower parts) extracts in vitro

FE G5 B R (mg-g ) B 2 B (mg-g ) BT ALBE J1/(mg-mL ) ICs/ ABTS (g mL %) ICs/DPPH (g mL ™) #1848 B 85 F B f 25/(U-g 72

S1 560.2+36.0  465.0+10.5 13.00+0.20
S2 850.0+29.1  561.9+17.9 13.2040.00
S3 630.4+30.3 48541183 12.0040.20
S4 2502+ 74 223.6+10.2 5.8010.10
S5 3076+ 16 3149+ 7.7 9.90+0.02
S6 449.8+19.3  354.9+18.1 8.5010.10
S7 7024+151 4414+ 33 12.4010.20
S8 43221297 4251t 20 12.40+0.10
S9 610.6+14.7 4069t 4.4 11.60+0.04
S10  371.0+ 3.2 4372+ 2.0 12.00+0.04

18.7 247 127.4+11.7
16.6 213 1304+ 5.4
20.5 27.1 121.6+ 2.8
36.3 69.4 110.0+ 5.1
23.7 38.9 1142+ 53
313 414 1194+ 6.8
24.2 32.0 118.1+14.4
31.0 404 127.2+14.3
25.0 33.0 125.3+14.2
23.9 31.6 110.5+25.9

34 IERFEMRSEMMRIFIE

3.4.1 FEESr#r (principal component analysis,
PCA) EHALAES (X)) ABTS HHEEMAE
71 (X). DPPH HHIFIHEIREES) (X3) FIIH] 4
FIES T B B3R )] (X MENPUREATE MRV 45
W, AAPE—EMIAHDCHE, Fk, mrd@sk PCA HHTRE
YeibBE, RGN 1 ANEG TR B EAR 4
AMEFFT, SR SPSS 19.0 4T PCA, E RS
J5 ZE IR F 8t RS LR 5. 6. BT 4E IR
R, FRSr 1 ITTERER CLIA R 80.31%, AT FE K

o LIE R ERB AN 4 MR, EYILEET
BWATHERE R, B SRR 32 X RS R R A O
ZRE, B A R B 5 2 R N R R AR T
S 3 B RS TR AR BT R R, 15 H R
2y 1HAEAL. F;=-0.53 X;+0.50 X,+0.54 X5—
0.42 Xg5 Hrb, FiRRFRS 1, Z48IRIH RE4
XPEEROR, 10BN 3 o s ok, PR, W]
DA € 52 3 4 I 4E AR N X3, B DPPH H RS
BREE T T RKFEFE L e e HMI SRR M B A B
JI5R55 .

R5 IMRENIEIR PCA BERM S TTEE

Table 5 Contribution rate in PCA of antioxidant activity in vitro

NN LI GEER OR[N SRR IEE
FHER T ETTERR/% R[ETTETUREI%  FHER T ETTIRE % FATT Z TTEREE 1%
1 3.21 80.31 80.31 3.21 80.31 80.31
2 0.57 14.16 94.47 0.57 14.16 94.47
3 0.17 4.32 98.79 0.17 4.32 98.79
4 0.05 1.21 100.00 0.05 121 100.00
%6 HRETHEERN MR SEHR B AT )0 E HA W PR S A S R
Table 6 Matrix of initial factors BUEALIE M 2 TR B 2081 SEme koA, P AEAL 2
b 2 W S LR R, R 2 IR
1 2 3 4 /Ny HIER T ATAL HMISERLY) 29 4N 3LA I 5 DPPH
X -0.95 —0.04 0.31 0.09 H HIERREE IR RT 0.5, A8 m BRIk
Xz 0.90 0.33 0.26 -0.09 [, #R W] HMI SR U Bt S AR T2 2 o) D A
X3 0.97 0.16 -0.02 0.18 YER LA A AE R . XF DPPH H HEETE R AE /15T
X4 —0.75 0.66 -0.10 0.01 BREORHI I 2 10, 23, 8. 12 51§ (GREXE K
T 0.8), ARG L2 HORER B S KL & 1
3.4.2 KEILEEEE /M1 (grey relational analysis, AR SRS 2y d] . K, 23 SN E AL

GRA) 4 10 AL Y 29 AN A U iy 1 AR B
5 DPPH H Hi3E7EFRAE 1A 1T GRA, Xt IR iG %L
WERAT PR AL fG, THESRIREE, 45K 7.

EW) (Wit Bz 25 -3-O-B-D-F %1 H 2 -(1—6)-B-D-F5 4 b
1), Hizth&WeEeEn, 2355, AR
FH g il (HSCCC) M A G4 48 54
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x® 7 HMI REWMHES EESES HinE RN R & X

BREDIER
Table 7 Relational order between fingerprint and
antioxidant activity of herb M. integrifolia (non flower parts)
extracts
REFF S SRERE | REF S REE
1 10 0.82 16 17 0.69
2 23 0.82 17 3 0.69
3 8 0.81 18 1 0.69
4 12 0.80 19 7 0.67
5 2 0.78 20 27 0.66
6 22 0.77 21 19 0.65
7 14 0.77 22 6 0.65
8 18 0.76 23 4 0.65
9 28 0.75 24 25 0.65
10 16 0.74 25 9 0.62
11 21 0.74 26 26 0.61
12 15 0.74 27 13 0.61
13 20 0.74 28 24 0.59
14 5 0.71 29 29 0.57
15 11 0.70

R PRE S SR B E S HCN 98% AL G
RIS, BZESY B R UAE SR IR A Th i e B
Bribz Ak, 25 St BA S m O, HazgR
HMI 2 HU 1 32 Bk 22 B0y A2 PT1E SN Q-marker
PHEER 7. 25 SUEEIRY 24, 26, 27 SN
oy SR, RILEREERR RN, HCERH HSCCC 4%
AT 8, BT,

35 HSCCC &4 E HMI ZEWIRN EER S

K H BT AR L) HSCCC 20 B 1548 25 5
g, BEULEMZ) 50 mg (UPLC l5E i &0 BN
90%), ELEHE *H-NMR. *C-NMR., COSY
(*H-"H). HSQC Fl HMBC %4l #E4T % 5, il i ik
fRTIESE RSN, etk &Y N &-
3-0-[2""-O- £ It & -B-D- - 7L B Fk -(1—6)-B-D- 4] %
BEIF], 2 SciFinder #0%&, ZWUAEVHIED.
G NE 4.

e &Y NE O A, ESI-MS (IE S FAERD:
m/z 669.168 6, Tiill7r XA CyHs015 MS/MS
FEAR ) G T DL R ER ORI miz
303.04, IZAFE-5 R AH A A A A2 SRR AL Sy
B E B R R 5L R Rz AE Y
'H-NMR F1 °C-NMR %4 5 2. B AL At iz 2 —BliF 4

4 R E-3-0-[2'-0-ZEt &-p-D-F-FLHEE-(1-6)-p-D-
HEEYE] SR

Fig. 4  Structure of quercetin 3-O-[2'""-O-acetyl-g-D-
galactopyranosyl-(1—6)-g-D-glucopyranoside]

L, FTHEMZ AL S A e 2 R L, 7E
HMBC Kt , Z B C=0 (6c 169.1) 5 oy 1.71
0y 4.32 HHK, 6y 4.32 5 C-1"" (6¢ 100.1) Fi1 C-3"
(0c 74.0) #H%; 7E HSQC K, 6y 4.32 5 C-2" (d¢
73.7) FHOG, UM B C2HIE. #E—PiEid
HSQC. HMBC. COSY (*H-'H) #IH & A ik
ik, R NE 8.

K FH BRI il S I 28 AL B R BB 2540, BlK
RT3 SR TR0 UL A IR R 2 5 mg,
I 4 2 mol/L ) HCI 2 mL, 94 °C[al3% 16 h. [f]
WG PSR SR CERZEHL, ZEHUS/KEZER 1
mol/L NaOH A1, 15 N . F%#EH 0.5 mL
VAR, TLC BIT, RN R D-#&HE . D23,
BE. D-H BRI S X HE, CHCI-MeOH (25 : 1)
JEFF, WRNEARR gL AR E A, 105 Chl
P,

4 g

AR FLE HMI $2HU48 804 1E F1 DPPH &
PREMTEHOCRWTTE, HiE HMI FRSUEIE 1) 29
A U SR PE A SRR IA ) 05 BLE,
PLHT 29 DN LAE I 5 HMI BB B AL TS A
K, HMI $EEU) R AE DU AT YE A 2 B oy P R
FH 45 5 . 5% ] UPLC-ESI-Q-TOF-MS/MS 2 )\ HMI
FRH RN T 18 PR sy, B 16 PPl Sk
O3 2 T AR . BEFE R, HMI $2 )
Feat g, FeE B 2 NN IRy, Hop
1} Sz 2% -3-O-B-D- 7 %) Hl 2 -(1—6)-p-D- & B H 5
FUEALTEE L KT 0.8, Ml oA AR e xR
Z—. TR EEF A 1 AN FEERNHLEDE
HSCCC 4 &5 5 & & 45 4, 1 A 9 Wit ¢ % -
3-0-[2""-O- £ Tt & -B-D- - 7. B 5 -(1—6)-B-D- i %
WEE], AV HEY), S iETER ek
fE9 0.65, HARGFHINE:,  H M UG Ry AT [ AR >
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#8 AYIA 'H-NMR (600 MHz) #13C-NMR (151 MHz) ##% (DMSO)
Table 8 'H-NMR (600 MHz) and ®*C-NMR (151 MHz) spectroscopic data (DMSO)
I > Ou dc G 5 On dc
2 156.2 1 5.30 (1H, d, J=7.7 Hz) 102.0
3 133.4 2" 3.58 (1H, m) 72.9
4 177.2 3" 3.58 (1H, m) 76.5
5 161.2 4" 3.58 (1H, m) 68.4
6 6.17 (1H, s) 99.1 5 3.58 (1H, m) 74.7
7 165.5 6" (@) 3.68 (1H, m) 68.3
8 6.35 (1H, 5) 93.8 (b) 3.47 (1H, m)
9 156.5 1" 4.25 (1H, d, J=8.1 Hz) 100.1
10 103.6 2" 4.32 (1H,t,J=8.4 Hz) 73.7
1’ 120.8 3 3.09 (1H, m) 74.0
2 7.57 (1H, d, J = 2.3 Hz) 115.2 4 3.09 (1H, m) 69.9
3 144.9 5m 3.58 (1H, m) 71.0
4 148.8 6" (@) 3.40 (1H, m) 60.5

5 6.80 (1H, d, J = 8.5 Hz) 115.9 (b) 3.58 (1H, m)
6 7.70 (1H, dd, J = 8.5, 2.3 Hz,) 121.9 Ac 1.71 (3H, 5) 20.3
169.1

&, WEME HMI B EARESHSE, & [ ZBN FEaEsRAR ML S U1 HRRER -

HMI B =gy, W AR A TRz — JIEHARCAR L, 2004,

2 s B (A SRR SRR o ,ﬁfﬁﬁ 5] o, Torfh, B R, R )

Vo HLL b5 R i B 5 -3-0-B-D- 4 £ 4 iiﬁ’gﬁ JURTE D i s,
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Ak- B-D-- FLHHAE-(1-6)-B-D-HI AT B HT] 1FJ9 HMI design approach using response surface techniques to

) bR S o obtain optimal liquid chromatography and mass
IS ROC R I T T, WS HMIL B2 EU) A spectrometry conditions to determine the alkaloids in
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