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E BH: &5 UPLC-MS/MS % B Bf i 2 2 LK F 11 ANEH s (R R TR R ILER 45 R BR vk
BRFE T ELd AWM AT MR MEE -3 -0-RNaBF i MEAE)NEZ, Fik: &%
£ 5 A Waters ACQUITY BEN C (2.1 mm X 100 mm, 1.7 um ) &34, ¥4 0.05% F 82 K — THE AR Z
AR SRR, R A 0.2 mLemin AR A 30 Co R#EEM4: RALRFEBR(ESI), 5 & F 48
K (Full MS/dd-MS ) 1246 AT 2B 0H . R 2K PER TR RILER ERER i F T .24
M3 A B AR R E MR FE -3 -0- B BB mEE MR E R EIRE S H)E 0.030 64~0.153 2,
0.044 00~0.220 0. 0.144 0~0.720 0. 0.026 64~0.133 2. 6.352~31.76. 8.704~43.52 5.728~28.64, 24.30~121.5,
5.824~29.12,2.248~11.24,0.7264~3.632 pg-mL™"' SE B W& X 2 R4F (R = 0.999 1 ), 455 B . & LK,
AT BT, T3 e D A 94.5%~100.7% Z [d], RSD < 3.2%; 8 #t &R &P Lk 11 A&k
R0 A T B 4 A1 A 0.005~0.049 ., 0.008~0.122 ., 0.032~0.267., 0.012~0.033, 2.439~4.214 . 4.904~7.216,
3.915~5.945,12.126~17.518 . 4.006~5.423,0.573~1.753.0.186~1.243 mg - g . L5i8: % F =T H T 2K
Mg REEH
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Simultaneous determination of 11 active components in
Aurea helianthus by UPLC-MS/MS’

ZHANG Di-wen, MA Kai™", TIAN Ping

( Henan Province Chinese Medicine Research Institute, Zhengzhou 450004, China )

Abstract Objective: To establish an ultra—high performance liquid chromatography—tandem mass spectrometry
( UPLC-MS/MS ) method for the simultaneous determination of 11 active components ( gallic acid, protocatechuic
acid, chlorogenic acid, caffeic acid, rutin, hyperin, isoquercitrin, hibifolin, quercetin—3’ —O-glucoside, myricetin

and quercetin )in Aurea helianthus. Methods: Chromatographic conditions: The chromatographic column was
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Waters ACQUITY BEN Cg( 2.1 mm x 100 mm, 1.7 um ). The mobile phase was composed of 0.05% formic acid

water ( A ) and acetonitrile ( B ) in gradient elution at a flow rate of 0.20 mL * min~" and the column temperature was

set at 30 °C. Mass spectrum conditions: The electrospray ionization source ( ESI ) and positive and negative
ion monitoring mode ( Full MS/dd-MS® ) were used for quantitative analysis. Results: Good linearity (R* = 0.999 1)
was achieved for gallic acid, protocatechuic acid, chlorogenic acid, caffeic acid, rutin, hyperin, isoquercitrin,
hibifolin, quercetin—3 —O-glucoside,, myricetin and quercetin in the range of 0.030 64-0.153 2, 0.044 00-0.220 0,
0.144 0-0.720 0, 0.026 64-0.133 2, 6.352-31.76, 8.704-43.52, 5.728-28.64, 24.30-121.5, 5.824-29.12,
2.248-11.24 and 0.726 4-3.632 pg - mL™" , respectively. The precision, repeatability, and stability were good in
this method. The average recoveries varied between 94.5% and 100.7% with RSDs < 3.2%. And the average contents
of 11 active components in 8 batches of Aurea helianthus were 0.005-0.049, 0.008-0.122, 0.032-0.267, 0.012-
0.033,2.439-4.214,4.904-7.216, 3.915-5.945, 12.126-17.518, 4.006-5.423, 0.573-1.753 and 0.186-1.243
mg g . Conclusion: This method can be used for the quality control of Aurea helianthus.

Keywords: UPLC-MS/MS; Aurea helianthus; gallic acid; protocatechuic acid; chlorogenic acid; caffeic acid;

rutin; hyperin; isoquercitrin; hibifolin; quercetin-3’ —O-glucoside ; myricetin ; quercetin
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E AP AMARRDIR e RS, Hhae2s
PR 153 HAR RGBT SRR , B ILREE H B IAR , 10
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MS/MS ) ELAG 43 H B e, Al R SR s, b T e
JI5RAERE A, AT DUAT R AT S AR P A A T,
P A I R MER P , S b 2 b ) 22 4t o A de 4t
A HIHEAR SR AR EEE TR T A%
pE T SR RS, OC T 220 43 1 WS AE R
e 400 SR UPLC-MS/MS [R] i 52 45 76 3% v
B S AT HLIR IS SF 11 A0 1 B4 B 53 oK L4
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FEER K Q Exactive'™ Plus 20471 PU FF OlrloitrapTM

B 57 3% 5 3% A ( Thermo Fisher Scientific 2 &, Bt £
ESI & 1 V&, Sieve 2.2 T. #F 3l ), UltiMate3000 #
& 2% W AH & 3% {2 ( Thermo Fisher Scientific 2> ] ),
Shimadzu LIBROR L-160DTP Jj 7322 — K- ( By
F] ), METTLER AE240 77432 — K- (HFe) - #6
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LREEIN LR m DU SR, 43 bR 58 A~Ho
2 HEE4%R
2.1 Rk

& F Waters ACQUITY BEN C (2.1 mm x 100 mm,
1.7 pm ) G 3% K ; i sl A4 0.05% R K (A) - 2
(B), 5 VB (0~2 min, 5%B — 17%B; 2~20 min, 17%
B — 45%B; 20~21 min, 45% B — 75%B; 21~22 min,
75%B ), ik 0.2 mL + min™ 5 L 30 °C 5 #HER 2 uL,

22 ik

S HIH 5 55 B I (ESLIR ), LAIE 17 3 L
[f] B A0, 43945 5 ( Full MS/dd-MS?), B - I &
350 °C,ME% LK 3.50 kV, #1276 kPa, B <
Wit 3 Lemin™, BAIEIRE 350 C, S-lens RF /K
55.0, VL F R miz 100~1 000, 11 436 P 48
P, Bt B8 R AT, B Al S50 0 3% 1, 4
I B s R LA 1,

R1 EREP U DNEERSHRESH

Tab.1 The mass parameters of 11 constituents in Aurea helianthus

— " — -
( fp/im ) ( u*ﬁx :ﬁfgm ) ( Tjﬁf:fd ) fi/min NStz NSz
BT (gallic acid ) 170 ESI” 3.97 169.0 125.0
JFJLASHR ( protocatechuic acid ) 154 EST” 5.67 153.0 109.0
£4J5i2 ( chlorogenic acid ) 354 ESI” 6.39 353.1 191.1
WIMERR ( caffeic acid ) 180 ESI” 7.61 179.0 135.0
T (rutin) 610 ESI” 8.91 609.1 300.0
2B (hyperin ) 464 ESI” 9.57 463.1 300.0
SR (isoquercitrin ) 464 ESI” 9.72 463.1 300.0
i Hz % (hibifolin ) 493 ESI” 11.37 493.1 317.0
m;&ii;u;i:f)%%ﬁ (quercetin= 464 ESI 12.47 463.1 301.0
Wi (myricetin ) 318 ESI” 12.66 317.0 179.0
i1 Z ( quercetin ) 302 ESI” 15.89 301.0 151.0

23 W&

231 HHSE® BRESAERN R (E 65 H
7% 0.1 g G BFRE, B 100 mL 4L P, fin F S 20
mL, PR, 8 (2% 300 W, 4 % 40 kHz ) $2 5L 30
min, BUE 5 A T, PR, T EE AN R A5 i, U8
b BUEEIER , 0.22 pm (FLIEREES , RIS,

232 XPMEAERR  Ar DR RO ISR T
R JFLASTR (LR IFIR MMERR 25 T 4 22 Bkt . Sl
B R R MR -3 —o- WA iR
Mk R 2R3 ft, FHFR G ) BT A 3k B2 430 R 3.830),
5.500.18.00,3.330.794.0. 1 088 .716.0,3038.728.0.,
281.0.90.80 g - mL~" FXT AR S AiBAT, B T 4°CUKAR
#=H.

233 RGXTIRANAE AW R R RS X R i
B RE Tt P FE A T B 5 v B A A I IR
0.153 2 pg - mL™ JEJLZRZ 0.220 0 pg - mL™ LRI R
0.720 0 pg * mL™" WIMERZ 0.133 2 pg - mL™" 24T 31.76

LRCAOR I

ng - mL™ 4 22 BE T 43.52 ug - mL™ . S R T 28.64
ng - ml KK 1215 pg - mL™ il 2 K 37 —0- #
HHEAY 29.12 pg - mL AR 11.24 pg - mL i
2 3.632 pg - mL™ [IRA X A S i A T
24 MR RFE

% B “2.3.37 T AN R4 R 4 %) R A
VR, FH P A R B 2R 1) O o A 1 T 0 TR A VS TR
FE R 217 F 9227 TR AR - Bk SR AR A
DA% 3 04 T BE (X)) AR AR A, LAAS A0 1) U
TFUSE (V) P AARIEA TR A 25 5 W3k 2.
2.5 AEE AR

i 25 W IR A X IR S, S SRR 6 IR, TR
2 4 43 WETH AR B RSD, 43 5 A B TR 1.2% 5L
RIR 2.0% L% 7 TR 1.6% MITHERR 1.0% . 7% T 0.66% .
G 22 BEH 0.93% M T 0.45% i K 2R 1.1% it
-3 —0- HEMEL 1.2% 2 0.75% Mt i %
1.1% , & AR AORE % E RAT-o
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1. BB (gallic acid ) 2. JFULASHER ( protocatechuic acid ) 3. R ( chlorogenic acid ) 4. WIMEAR ( caffeic acid) 5. T (rutin) 6. G Z2BkH
Chyperin ) 7. S AT (isoquercitrin ) 8. A2 % Chibifolin) - 9. #it % -3 —0- #j#j 1 ( quercetin-3" —O—glucoside )
11. #iHf % ( quercetin )

1 xR&E(A)fedEEnm(B)HRERNEEE FRIEE

Fig. 1 Extracting quantitative ion chromatograms of reference substances ( A ) and Aurea helianthus samples ( B )

10. 5% ( myricetin )
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Tab.2 Linear regression equations of 11 components
% [ U5 75 7 AN H
( component ) ( regression equation ) (linear range )/ (ug * mL™")

BT (gallic acid ) Y=3.690 x 10'X+1.070 x 10° 0.999 1 0.030 64~0.153 2
JFULZERR ( protocatechuic acid ) ¥=9.783 x 10’X-3.580 x 10’ 0.999 5 0.044 00~0.220 0
SR ( chlorogenic acid ) ¥=3.390 x 10'X-5.651 x 10° 0.999 8 0.144 0~0.720 0
WIHERR ( caffeic acid ) ¥=8.307 x 10'X-1.298 x 10° 0.999 2 0.026 64~0.133 2
T (rutin) V=3.187 x 10'X+3.942 x 10’ 0.999 2 6.352~31.76

& #2H1T (hyperin ) Y=3.835 x 107X+5.139 x 10° 0.999 3 8.704~43.52
5S4 1 (isoquercitrin ) Y=4.184 x 10’X+2.407 x 10° 0.999 4 5.728~28.64
F1z % Chibifolin ) Y=1.893 x 10’X+6.301 x 10° 0.999 6 24.30~121.5
Mt & -3 —0- Hi%EMH ( quercetin-3" ~O-glucoside ) Y=3.763 x 10'X+1.641 x 10° 0.999 5 5.824~29.12
Witz (myricetin ) ¥=9.106 x 10'X-1.634 x 10 0.999 8 2.248~11.24
Wit % (quercetin ) ¥=1.933 x 10°X-2.288 x 10’ 0.999 7 0.726 4~3.632

2.6 HEEMEAE

i 5 PR L] — it AEZE AR L (B E ) 6 1, 4%
“2.3.17 WU J7 i i A A R S R A A
WE IR FILASIR Sk IR HERR 2T 4 228k
SR AR B R MR =37 —0- AR
Wt MR 11 A0 B9-F- 348 550 51 R 0.038
0.061.0.213.0.010.3.838.6.509.4.442.17.518,
4.363.0.798.0.676 mg * g, RSD 435N 1.8% . 2.0% .
2.7% .2.0% . 1.3% .1.1%.0.89% . 1.9% . 0.63% .2.3% .
1.3% , Rz InEHEER LT
2.7 FUEMERER

e 2 W ] — Rt A R (IR B ), SR

F0.2.4.6.8.10.12.24 h 43 B SR &, 8 &
2H 430 T AR RSD, 4331 o I TR 1.0% )5 LZ%
R 1.2% . 2% )5 12 0.56% . Wil ME 2 1.3% . 7 T 1.1 %,
G 22 BEH 0.47% . 5 W HH 1.1% A% R 1.7% i
Jz % -3 —0- BEWE 1.7% i £ 1.4% W &=
0.86% , FFH UL SRR 24 h WEE o
2.8 JEEIEIBCRIA

25 Bk BT DU 0 5 1 A ) — b R 4 AR 2R A
i (HER E) 6 4y, 25 0.05 g, 43 WK % o A 11 4> %)
HE i TR A5 KT R O 3 o, 6 IR 92,317 TR
il a8 B R, TR DU RO DR, 25 SR L
%3,

®3 EWERMWELSER(n=6)

Tab.3 Results of recovery of 11 constituents in Aurea helianthus

% B i JAE UEEST S R RSD/%

( component ) (original )/ pg ('spiked )/ pg (found )/ pg (recovery ) /%
BT (gallic acid ) 1.913 1.915 3.738 95.3 2.9
JELZEI ( protocatechuic acid ) 3.071 2.750 5.670 94.5 3.2
24 J52 ( chlorogenic acid ) 10.725 9.000 19.519 97.7 2.0
WIHERA ( caffeic acid ) 0.504 0.500 0.985 96.2 32
T (rutin) 193.243 190.500 382.188 99.2 1.6
422k 1 (hyperin ) 327.728 326.500 653.195 99.7 1.8
SEHiLEZ 1Y (isoquercitrin ) 223.655 215.000 440.196 100.7 2.0
ki Hz % (hibifolin ) 882.031 862.000 1734.549 98.9 1.7
Wit & -3 —0- #EMH (quercetin-3" ~O-glucoside ) 219.677 218.500 433.552 97.9 1.1
Witz (myricetin ) 40.179 42250 81.472 97.7 2.0
HitHz 2 ( quercetin ) 34.037 36.250 70.486 100.6 2.2
LRI S
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(J‘PA HY NN RE

29 FEEEENE
8 HEUAS[F] 7= Hb 1Y 4 AL 25 ME i, 3252 “2.3.17 WL Ry

et A ARV W, He R 4217 R “2.27 TR S5tk R
WRE IR TR, TR A o o i, 5 R L3R 4,

F4 SHEPFNNMMERDEENELR (n=3,mg-g")

Tab.4 Quantitative determination of 11 components in Aurea helianthus

Wi tipeE =37 -
- - JRILAIR glEe e, ;. . O- HHBE
b TR . . T B RWECH L& . R &S
~ (protocatechuic ( chlorogenic ( caffeic . . . o o ( quercetin— . .
(label ) ( gallic ) ) ) (rutin ) Chyperin ) (isoquercitrin ) ( hibifolin ) X (myricetin ) ( quercetin )
) acid ) acid ) acid ) 3’ -0-
acid ) .
glucoside )
A 0.019 0.044 0.077 0.024 4.172 6.544 5.644 16.747 5.352 1.293 0.625
B 0.005 0.011 0.105 0.012  2.439 4.904 3915 12.126 4.006 1.116 0.449
C 0.009 0.012 0.056 0.021 4.214 7.216 5.890 16.122 4.601 0.870 0.304
D 0.049 0.122 0.032 0.033  4.023 5.709 5.945 17.255 5.423 0.767 1.243
E 0.038 0.061 0.213 0.010  3.838 6.509 4.442 17.518 4.363 0.798 0.676
F 0.040 0.095 0.212 0.015  3.929 6.011 4.881 15.772 4.239 0.573 0.811
G 0.006 0.008 0.267 0.017 3.671 7.035 4.135 15.591 4.790 1.577 0.186
H 0.007 0.009 0.225 0.015  3.248 6.427 4.726 13.222 4.514 1.753 0.300
3 itie N E , e — PRI LA 25 80E Y BV E AL
31 CiBFERY SR TR PR 2K

52 %% %% T Thermo Syncronis Cg (4 335 1 ( 2.1
mm x 100 mm, 1.7 pm ) F1 Waters ACQUITY BEN Cq
A (2.1 mm x 100 mm, 1.7 pm ), 55 1L, 7 &
REAR - b 53 5 4 A6 2 v 098 8088, 40 B vy ELIe
At , Fe 3% ] Waters ACQUITY BEN C,q {041
(2.1 mm x 100 mm, 1.7 wm )o
3.2 FishHRYESE

S AT B B - K B B -0.1% R
KL NE - 7K HE -0.1% W R K . & JiE -0.05%
MR K ST AR R, 25 SRR B, 2 -0.05% W R K
i s AR (R W I B U, e B R s . TR
S [ I S 11 AN ), HR A B R 2
R T ARAG A €3 e HL 47 5 53 AT s R) , 0k AR
Ve
33 /g

ARSI ST T UPLC-MS/MS 15 5] I 7 45 46 2%
R RIS A T A R SRR T R
R MR -3 —0- WA R MR, D
AP IR JF LSRRI MM ER 55
VL ANTE PR 1 & 6, 7 vE TR PR R, RS
e, EIPELE, AT T A 4B 25 20 vh R BLE R A Y

S L Hk
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