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[ Abstract] Objective: To develop a quality control method for the simultaneous determination of
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multiple active components in Nymphaeae Flos aiming at the problems of the single index for quality control and
the relatively low overall quality control level. Method: Ultra performance liquid chromatography-quadrupole-
time-of-flight mass spectrometry (UPLC-Q-TOF-MS/MS) was used to identify and select the index components
for quality control with the mobile phase of 0.1% formic acid aqueous solution (A ) -acetonitrile (B) for gradient
elution (0-2 min, 3%-8%B; 2-4 min, 8%-10%B; 4-13 min, 10%-15%B; 13-19 min, 15%-20%B; 19-26 min,
20%-45%B) at a flow rate of 0.4 mL-min", detection wavelength of 350 nm, electrospray ionization (ESI) ,
negative ion scanning mode, ion source temperature of 120 °C , scanning range of m/z 100-1 200, transmit
collision energy of 6 eV for low-energy scanning and 25-50 eV for high-energy scanning. High performance
liquid chromatography (HPLC) was used to establish the quality control method for the simultaneous
determination of multi-index components with the mobile phase of 0.2% phosphoric acid aqueous solution
(A) -acetonitrile (B) for gradient elution (0-30 min, 12%-15%B; 30-60 min, 15%-22%B; 60-90 min,
22%-40%B) and detection wavelength of 350 nm. The preparation method of the test solution for content
determination was refluxing extraction for 60 min with 80 times the amount of 70% methanol. Result: By
comparing the retention time, ultraviolet absorption characteristics, MS and MS/MS spectrometric signals in the
samples with the reference substances, 8 active components with high contents, including brevifolincarboxylic
acid, ellagic acid, rutin, nicotiflorin, astragalin, quercetin, quercetin-3-methylether and kaempferol, were
identified qualitatively from Nymphaeae Flos, which were selected as the index components for quality control.
Under the established HPLC conditions, the above 8 components could be well separated (resolution>1.5) , and
showed good linearity (#=0.999 9) between the concentration ranges of 1.99-99.6, 1.76-176, 1.52-75.8, 3.60-
180, 0.964-96.4, 1.18-118, 1.94-96.8, 1.04-104 mg-L" and the peak areas, respectively. The detection limits of
them were 10-49 pg-L", and the limits of quantitation were 34-164 wg-L'. The average recoveries were
97.12%-103.1% with the relative standard deviations (RSDs) were 1.1%-2.2%. Conclusion: A quality control
method for simultaneous determination of the multiple active components in Nymphaeae Flos have been
developed, which is simple, accurate and reproducible, and it can provide a scientific basis for the formulation
of quality standard of this herb and lay a research foundation for the transformation of Uygur hospital
preparations containing Nymphaeae Flos into new drugs.

[Keywords] Nymphaeae Flos; ultra performance liquid chromatography-quadrupole-time-of-flight mass
spectrometry (UPLC-Q-TOF-MS/MS) ; qualitative analysis; high performance liquid chromatography (HPLC) ;

methodological investigation; phenolic acids; flavonoids
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®1 BELDFTELFERSH UPLC-Q-TOF-MS/MS £ 51

Table 1 Identification of main components in Nymphaeae Flos by UPLC-Q-TOF-MS/MS

[M-H]" 5

FEIERE A B F m/z(8/ppm)

I ¢ /min A /nm . s Fal [y
5 h max m/z SEAE /ppm . B
1 5.80 221.277.355 291.0147 2.1 C,HO, HMIHABR
2 12.66 253.368 3009987 1.0 C, HO, WM

3 13.64 255.354 609.1465 1.5 C,H,0, 7T

4 16.61 265.349 593.1508 0.3 C,H, 0, MEFH
5 17.07 265.349 447.0929 04 C,H, 0, ZE=¥If
6 2225 255.369 301.0346 -0.7 CH,0, #&%x
7 23.06 255.355

8 2395 265.366 285.0397 -0.7 C,H,0, Lz

157710

247.024 9(2.4) .191.034 4(0.0) ,173.023 9(0.0) . 145.029 1(0.7)
245.008 4(-0.8).229.013 7(0.0) .201.018 1(-3.5)

300.027 4(-0.7) .271.024 0(-1.1) .255.029 3(0.0) .151.003 2(0.7)
284.032 7(0.4) .255.029 2(-0.4) .227.035 0(2.6) .151.003 4(2.0)
284.032 4(-0.7) .255.029 4(0.4) .227.034 4(0.0) . 151.002 7(-2.6)

271.024 0(=1.1).255.029 3(0.0) ,151.003 0(-0.7)

315.0508 1.0 C,H,,0, #itpZF-3-F LMt 300.026 9(-2.3).271.024 7(1.5).255.029 5(0.8) .151.003 3(1.3)

255.029 8(2.0).227.034 4(0.0) .151.003 4(2.0)
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Fig. 1 BPI of Nymphaeae Flos by UPLC-Q-TOF-MS/MS
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Fig. 2 HPLC chromatograms of Nymphaeae Flos
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Table 2 Effect of different factors on contents of eight components in Nymphaeae Flos (n=2) mg- g’
% KT T BELIy
B IR ARBR  BRAER T AT HodH MR W E-3-TIEE A B
WO K Il 3 1.47 7.40 1.01 2.60 0.59 0.15 0.32 0.078 13.6
i 1.32 5.62 0.96 2.53 0.58 0.14 0.32 0.075 11.6
Bz 1.34 5.51 0.98 2.56 0.58 0.14 0.32 0.076 11.5
PRI 40% H B 1.67 4.92 1.00 2.56 0.58 0.05 0.19 0.022 11.0
70% F 1.46 7.24 0.99 2.56 0.58 0.15 0.31 0.076 13.4
P 1.15 5.84 0.85 2.42 0.56 0.13 0.31 0.076 11.3
P A] 20 min 1.42 7.24 1.00 2.58 0.59 0.14 0.32 0.077 13.4
40 min 1.46 7.38 0.99 2.56 0.58 0.15 0.31 0.076 13.5
60 min 1.52 7.52 1.00 2.61 0.59 0.16 0.32 0.079 13.8
90 min 1.58 7.55 1.01 2.63 0.60 0.16 0.32 0.079 13.9
BRI 60 fi5 1.51 6.87 0.99 2.60 0.58 0.15 0.31 0.075 13.1
801 1.52 7.52 1.00 2.61 0.59 0.16 0.32 0.079 13.8
100 % 1.52 7.65 1.00 2.61 0.59 0.16 0.32 0.077 13.9
120 % 1.55 7.88 1.02 2.63 0.60 0.16 0.32 0.079 14.2

TR 32 76 B K 24 0.25 g, 40 51l in 70% H s K i
[A] % 20,40 .60 .90 min, 4% I i J7 2 il & i i 1%
WL A% 2.2, 0T A8, W3R 2, 450 S BT
V) 6T 1 5935 A T i 0 B A T ) B BRRIR R T K
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FE R e A AR 00 AR R 3 4R LA ] 60 min
T S5 76 By R 29 0.25 g, B HE 70% B $E O A
T 2 B R 60.80,100, 120 47, #2 1 3R T ¥ 1l
PR SRR L R 2.2 TR I E , WK 2, 4
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DR, HEARE A3 BT OF 10 S 0 T B # A5 R L (S/ND) =3
A S/N=10 43 5l 11 % & W R (LOD) f1 & & R
(LOQ), %3,

22,5 K& B BEM IR KB R R
T AL B B M R -3 R R
1125 1y o 9 R 49 1 oM 9.96.5.40,7.58 .18.0 . 7.88 .
8.54.9.68.6.74 mg- L™ 1Y IR A X HE & ¥ W, #2 2.2.1
TR 2% F % S ik BE 6 R, 5 Lk 8 Floak 43 16 T AR
B AH X B #E f 22 (RSD) 43 01 24 0.2% . 0.8% . 0.5% .
0.2%.0.1%.0.2%. 0.2%. 0.3%, £ B 1% %% & % J&
RAf.

22,6 faoE M HBCMEE OB R (S5
H30195619) 2 0.25 g, ¥ % PR & , # 2.2.3 T F Jr ik
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K3 BEAPFSHAIHEMEEEE
Table 3 Examination of linear ranges of eight components in

Nymphaeae Flos

ZEJEFE LOD  LOQ

I a1 5 7
" ard= /mg-L"  /ug-L' /pg-L?!
SRR R Y=2.43x10°X-1.03x10° 1.99~99.6 12 40
BRAG TR Y=1.51x10*X-1.51x10* 1.76~176 49 164
P Y=1.54x10*X-1.01x10° 1.52~75.8 31 102
JHAETT Y=1.52x10"X-3.03x10° 3.60~180 25 83
KR Y=1.97x10*X+1.34x10° 0.964~96.4 20 68
it e 2% Y=2.91x10*X-4.46x10° 1.18~118 17 56
Wit Jz % -3-H1 ¥=3.25x10°X-6.45x10° 1.94~96.8 10 34
[iiES Y=2.82x10°X-2.42x10° 1.04~104 12 42

H:r¥40.999 9

il £ At A, 43 0 T A5 J5 0.5.12.17.36 .48 h
F 2.2 0 50 A5 PRI 5, V15 5 0 IR R R RRAE R
FEOT MR AT B s BT M R 3R -3 AL
ALl 2% 1 04 T AL RSD 43 9l 1.3%.0.3%.0.5% .
0.1%.1.9%.0.5%.0.7% . 0.4% , ¢ W] 4t 32 & 1% W 78
48 h N Fae M R4

227 EEM KK B EL B K(HT
H30195619) %) 0.25 g, K5 % R 2, FAT 6 4%, 4% 2.2.3
TN 7 1 ) B A VA L 4 2,20 T SR

x4 BEAHERFITWHEIGEN=2)

TR M IR e REAER T AT a0
A MR F M 2R -3 L R 1L S Y 7 2 T
3 H0 ok 1.53.7.48.1.01,2.60,0.58.0.16.,0.32,
0.079 mg-g', RSD 43 %l 4 1.0%.1.1%.0.6% . 0.3% .
1.8%.1.0%.0.5% . 1.1% , % B % Jr i 5 52 M R 4.
2.2.8  hnAE I e HROBE B (B B K (it 5
H30195619) 25 0.125 g, V17 6 00 , K& % Bk , 43 il 4%
BE S S A2 11 B A K R R,
2.2 3700 7 o A A A L e 2021 0T A&
FE TR IR R W R RRAEER T IR s
AT MR 3 M R 25 -3 R I R L S T S X R
[E R K 97.12%~103.1%, RSD 1.1%~2.2% , & Hi%
T3 V5 R BE R AT, T 20 ER A0 D 1 5 L AR R L
22,9 FESIE  BOAS [A] LU0 BE S AR AR R
2.2.3 TUF 77 1k il R A WL 4 2.2 TR A
W T FRE S 8 BBy 1 T it LR 4. S5 E
B IR R B IR REAETR T HAETT R m
Witz 25 M M 2R -3 Lk A oL A3 AR 7 HEAE A
S B B0 R 1.42.6.99.0.95.2.27.0.51 .
0.14.0.27.0.093 mg-g",RSD 73 % 4 22.2% . 12.9% .
18.4% .19.8%.29.5% .31.2% .31.8%.62.6% , 3% W] i
AT ERSF M ERAER K E S WL,
ST LR 8 T R 3 R A M Y 5T 4 O A R
T I 32 A6 P A BT S 4 RN PE AN o

Table 4 Contents of eight components in Nymphaeae Flos (n=2) mg-g
8 Bl B o 7 ik
it
LD N AR FT JHAEHT ERYAT i B % i 3R -3- 1 e 1L 2% By
H30195619 1.53 7.48 1.01 2.60 0.58 0.16 0.32 0.079
H30195616 1.39 7.47 0.98 2.00 0.45 0.15 0.27 0.069
H30195621 1.65 7.20 0.91 1.72 0.29 0.13 0.19 0.053
Y2004020 1.45 7.79 0.66 2.13 0.56 0.14 0.40 0.13
Y2008012 1.82 7.57 1.19 2.92 0.57 0.23 0.35 0.21
19112301 1.30 5.90 1.09 1.89 0.37 0.12 0.18 0.053
20181220 0.82 5.50 0.82 2.64 0.74 0.083 0.20 0.057
3 g S5 8 TPk A I R A Y, O s B AR Sy o 4

Xif T BIF 5 F Bl 95 O T A 2 A, s e SR I
FE 14 32 206 M Ry, 2 ST 0T o A A O ik 04 R 4R R
Hfil . UPLC-Q-TOF-MS/MS 454 1 {418 1Y 58 43 2
PERE R 43 BT Y S R M RE L AT R B
BZGAE I B4y, A7 B 25 80 T 1 2 30ORN 5 4
J5 ik B E NPT AR R A UPLC-Q-TOF-MS/MS
N B 32 A TP S 0 T R R R RRAE TR T

i 48 b, AL BR T 95 A T PR R R AR R A1, B S AE
I A A A B B TR TR A, M A — 2
Wroe. R, h TR TEHRASHERZ L RBE
PE2E TR 2SR AT HPLC #5722 J 43 [ 25 5
{00 VTl R 0 N E R 97 D RGO 0 e o/ B
AR 7> B ROR o AL A SRR RO IR A B AR
Xof S A6 PP BRI B R T R R R AR
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e ZAM AT T Y AT
HPLC, R FH 0 56 A B2 R 3647 5 o 43 BT L AN AR AR
L = THE R R i = =S @ O e w2 1]
T, EHE T E MO A, BE SR I HPLC U i 1% %
dat A fHT P R BT I P R o AR S I R AR
WA PRR | e R AT T IS H W HPLC 454, ml 528t
A 8 AR A3 1 [ A5 0

3 S IR R R REAR TR T AR 8 AL 4
Y28 A0 A P A R B, e IR R 9 R AE 221,277
355 nm &b A e KW W, Ho Al 7 FoRR 43 43 i 7E 250~
270 nm F1340~370 nm &b A e KW, 285 %18 H
s 1853 R0 4 4% 5T 1) 58 A IR ISCREAIE , 2 8% 350 nm A
S HPLC 2 43 BT i K DU O 4K d5e ol il o il 36 2%
L7 3P b (3% £ (Phenomenex C,,. VP-ODS C,q
Hl Kromasil C,g) X} I 3% 1€ 1 8 F Bl 43 119 43 25 208
45 B R, K JH VP-ODS C, Ml Kromasil C,, {5 1% 41
BF, o R T R R AR TR R TR A 0 4 R
LR, HRRAG IR A T 2 (Rl DA 3k 3 3 4R 4y
B, 17 % F Phenomenex C, (4% 4, [ i& 8 Fh pl 431y
REIN B L 0 B,/ B B3 >1.5 4 e I+ 29 1.00,
1l 3% £& Phenomenex C i A 4F by 5 5 40 H €433
o WAEE R %2 T K- 05 .0.2% F R K% -2
i 1 0.2% B R /K ¥ W - £ 8 3 Pk i 2 48 1) 4 B8 4K
T 85 R, LAl KR Ry KA B R 9 A B 1R A
FRAE TR AN B 0, by 35 1 285 B 4 H 0 IS R 5 FL A
FEVG 2 2% T35 LA 0.2% H R K 3 A S K AR
HY DA R ) 3 A R T, R AE TR N P T 22 ) o DA 3k B 3
Ay, HM R R 0 Tk I A7 AR AR BT L 0.2%
98 TR 7K I YRR Sy A AR B 3 el A B o8 G A P ) 0 —
AL, 8 Tl 43 35 16 5 B 45k AR 43 B AR i
T BN AHTE B 0.2% BER K W -G VR R 58 . X T
Jod i K Ty R R A R A T R S L4y L It B AH pH
R R 2 TR %8 T 0 5 3 1 20K SR 18 5 W) o o DR B

X A G I R R A, KO TR R R RS
T 3 PR B 3 X R I A T R R R A TR 1 4 AL
SRS Fe AR, FLK VS TR0 378 0 R Ok R 8 3 i Tl
AV RAREL . SR ASTR] H A1) P (40% HBE L 70% HY
R FR ) A Sy 48 BB 5 B I 5 K I R A
P T2 R 43 %) v T AU, B8 4 1R 55k B o Y
PR B0 T e TH s R AR, 2T IR AR RN 4
PSRN RS Gl N A g R A N R AT
T e 2 M B 2 -3- F L Tk R Ll 2SR, 70% HYEE A
FH 2 %) 2 BRI 0 13 T 40% B . 28 1o i, e 9
70% HYBEAE A 3 O 7 B R 33 . B6 A, AR MK g

- 208 -

FEANE & TAERCRE Y A BE , $2 O [B] 45 60 min, %
I B 80 £

M EAEAE N 4R B2 2] 25 8F 5 T TR YT INE &
AN S Y QIINY e N~ SIS N o N [ g
EWPAN EHRHRTE Z e #dg r o)
A 7 & IR e (L) 55 4 5 7R 6 = e il 7510 1% 4 7
) = vy B 7 VAR N T SO @ 7R 7)
H i, 52 8 2 T i R N FH 28 50 1) vh 28 R T 25 1Y
BRI, B T BE 5 AR AF TE AN T A
20 500y T L Al v AN B R L o e A R Ok R BAT
5 AR AR S 1 22 [B) 8, B R i 24 1 1 AR B e o
F 1] 25 AL o DRIt B — 25 B A R S A A R
N2 550y JoT L A | T v AT Y BT R O T
16 VT B 3 48 1 IR A T 5 b o, © A H Y i R A i
R[] AR 1o
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