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ABSTRACT - The aim of this study was to develop and validate an analytical method for determining the pres-
ence of wogonin, quercetin, and quercetin-3-O-glucuronide in extracts of Nelumbo nucifera, Morus alba L., and
Raphanus sativus mixtures. We evaluated the specificity, linearity, precision, accuracy, limit of detection (LOD), and
limit of quantification (LOQ) of analytical methods for wogonin, quercetin, and quercetin-3-O-glucuronide using high
performance liquid chromatography. Our result showed that the correlation coefficients of the calibration curve for
wogonin, quercetin, and quercetin-3-O-glucuronide were 0.9999. The LOD for wogonin, quercetin, and quercetin-3-
O-glucuronide ranged from 0.09 to 0.16 and those for the LOQ ranged from 0.26 to 0.48 pg/mL. The inter-day and
intra-day precision values of wogonin, quercetin, and quercetin-3-O-glucuronide ranged from 0.74 to 1.87 and from
0.28 to 1.12%, respectively. The inter-day and intra-day accuracies were 99.96~115.88% and 99.73~114.81%, respec-
tively. Therefore, the analytical method was validated for the detection of wogonin, quercetin, and quercetin-3-O-glu-
curonide in extracts of Nelumbo nucifera, Morus alba L., and Raphanus sativus mixtures.
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=

oq%l(Nelumbo nuciferaye G 2RE 84 97 %ol
gaﬂ /\4/\} oz =, 7_}}_ =1 2A| i3 =
EFE Qo= LEA RABAZ AHEEH ¢
quercetin®| 4} rutin}
&5l glo) Ak} u]uﬂ 54 7

a7

de), B s, A2

*Correspondence to: Ok-Hwan Lee, Department of Food Science
and Biotechnology, Kangwon National University, Chuncheon
24341, Korea

Tel: 82-33-250-6454, Fax: 82-33-259-5561

E-mail: loh99@kangwon.ac.kr

289

2}

7] upolgi el e ZF= gk gutolg A
SohR o] =Tt F5-EHA SHrEe] ok
O AR 2429 F-(Raphanus sativus)
1o, 3RS, NG, AQAE, Vs
A8 T3 e A a3l
94 gono, gust A4S el
phenol7], flavonoidZ] A4~ ¥ W&k
= Bhslol Ao wade) o
Q7o) AP A9, olg)
P o2 oA Sl 49
JAs Fakst Bt =&
flavonoid 7| %E wogonin, quercetin 2 quercetin-
-glucuronide”} =] Slo] bt 7154 A7
T T, ole@ 5Ae Uehile ARl @

2 ARREHNS | Eop 5 FEEE AT 9 AY

>(t
i)
o
o
e fo
Elo{r

ox
o
i

oo
o
e

m
=
%0
o

N

oft fd

1> |o oo _:_
o
kr

2 e R [
J

=
olN

e b

pROREES
T2y

e ot

_LL/

oL 40
[o

E

ﬂ(m



290 Gill-Woong Jang et al.

N
0
=

M= 71592 o] kA
ofF sl YEet AFAHE gt &
T3t Yo AAEE AEe A

;Y
:‘L
o
=
l-«lI.
=2
(i)
R:D
>
=

|9 FEe} 75 VIS AT eEHA A8Tt
fratal e A sl MEE 7hsd 3 AA sk
dset AF] F4o] Hujg 4B A As o
sk, sk AFAAES ARk Ql A EE o] g3ttt A
FoA A5e 75l FAEE A AR
Fs B8l I & Jorz o EIE] s F<l
H BN e st BAYS ARk b,
Aol Bt 71eS A5 98] SR AlEd "
EldAdo] dEE oo g A, 44, 7o A5 7 4
Foll $HrE AR EAHS oFsA AEo] 2wk
A, Al 7] aAle] BEfFEE] FE flavonoidd =
Aol FA] Aol Halxo] QA ol 259 A FAE
Q1 wogonin, quercetin, quercetin-3-O-glucuronide®] & A]
A Al B eSS gHE] dE Aotk

mEtA 2 Ao e A, Y, AR F ERFEE
of gf=o] A= A EAJH wogonin, quercetin, quercetin-
3-O-glucuronide®] §A] F49H 7l 2 584 7S (method
validation)ol] T3t 15 At}

Materials and Methods

e
rlo

=2

2 Aol AL £ F= }(Jeungpyeong,
Korea)oll A #|gdkol AREatlon, £3 FEE2 Y
(Leaves of Nelumbo nucifera), “$3 (Leaves of Morus alba
L), 7AZ F-(Dried raphanus sativus)g 137H4 H| &2 &
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77127 (lishinbiobase Co., Ltd, Gyeonggi, Korea)E ©]
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%552 wogonine ChromaDex, Inc (Irvine, CA, USA),
quercetine Sigma Aldrich (St. Louis, MI, USA), quercetin-
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Table 1. Mixture ratio of Nelumbo nucifera, Morus alba L. and
Raphanus sativus

Mixture ratio (unit: g)

Samples Nelumbo nucifera Morus alba L. Raphanus sativus

Ml 80 20 0
M2 70 30 0
M3 60 40 0
M4 50 50 0
M5 80 0 20
M6 70 0 30
M7 70 20 10
M8 60 30 10
M9 60 20 20
M10 50 30 20
Ml1 100 0 0
M12 0 100 0
M13 0 0 100

Table 2. HPLC conditions of wogonin, quercetin and quercetin-3-
O-glucuronide analysis for extracts of Nelumbo nucifera, Morus
alba L. and raphanus sativus mixture

Conditions

Waters SunFire™, C,q
(4.6 mm x 250 mm, 5.0 pum, Waters)

Instrument

Column

Column temp. 30°C

Time (min) AV B?
0 5 95
5 25 75
Mobile phase 15 25 75
(Gradient) 25 50 50
28 60 40
33 70 30
40 5 95
Water 996 Photodiode Array Detector
Detector
(334 nm)
Flow rate 1.0 mL/min
Injection volume 10 pL.
Run time 40 min
D Acetonitrile

20.1% Phosphoric acid

Wogonin, quercetin, quercetin-3-O-glucuronide 24

Wogonin, quercetin?} quercetin-3-O-glucuronide®] HPLC
42 Yang 529 T4 S HIste] dAglen, Al
Mol FEEd S T4 BASATE B4l AREE 717]1=
Waters 2695 Separation Module HPLC system3} Waters
996 Photodiode Array Detector (Waters, Milford, MA, USA)
2 #AZ7E Table 29k 2om 248 columne Waters

SunFire™ C,, (4.6 mm x 250 mm, 5.0 pm, Waters)©] %1t
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Wogonin, quercetin 2! quercetin-3-O-glucuronide 3%
AL 7tz 5mg 3 H, 10mL FEZP2AE o
500 pg/mLe] =7} H =2 DMSOE FA7HA] 4838k
o]& stock solution®Z 3}$It}. Working solutione A3
H stock solutiong ©]&38} 1.5625, 3.125, 6.25, 12.5, 25,
50, 100 pg/mLe] === DMSOZ 3|4 3le] AL&-3}itt.
ANPENe FA AR AR 265(ET H&S 2l
T oes FEE 4 133)S A 25mes AT &
25 mL H&Ee2AE o] &3l 1000 pg/mLe] FE7}F H &
= DMSOZ EA7HA ¢ ), o]E 0.45 pm syringe filter
(Whatman, Maidstone, UK)Z ¢J3}sle] AlggHo g )

o M\
2

Mol o' A

B 534 7 (method validation)2> ICH (Inter-
national Conference for Harmonization) 7}o]| =8} 2
AR &y AEE Bl Eo]X(specificity), 2414
(linearity), 7 & (precision), % &4 (accuracy), 7% 3
(limit of detection, LOD) % 7 &gt (limit of quantitation,
LOQ)E °]&3te] A FadS AEsiaitt.
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} #5&& HPLCE A48t U2 chromatogram
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Wogonin, quercetin ¥ quercetin-3-O-glucuronide <
A8 1.5625, 3.125, 6.25, 12.5, 25, 50, 100 ug/mL2] &
2 Alzsll HPLCE °]8-38t 33| ik S43om, 7}
=] peakol] Wt AH I FEHe] BAS FA S
AR 2dsta AT APz RE dofil

“=(correlation coefficient, R?) #k2 F3f A4S &1
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24 g AL S o] flet] xRS TS
g e A, A9, Adx F EFFEE Z58Y
wogonin, quercetin®} quercetin-3-O-glucuronideE 25, 50,
100 pg/mLe %4 z+z H7letsich. dul(Intra-day) 3
W % e SRIE] s Sl 33 sl
HPLCE #4182, d7k(Inter-day) 374 3 A<
S gRlskr] 98 397 vkEste] HPLCE 4 8k3itt
B3t AoJ7 peake] WFE Al7H(retention time)s} PDA
spectrums FlaLsto] A0S ofaL 27 A AlHE

Ae] peak H4S U3} wogonin, quercetin?} quercetin-
3-O-glucuronide®] F%=& AlAbsIATh 2+ A3} 3] 13
H2E A 3ol o' Vi HIQl i EEH R (relative
standard deviation, RSD)Z A & U7 U 32l

2 0=
o, A2 v 42 ol8ste] H7Ig s tiv
sto] BgrE FEE AT ORA e T8l A9

= st

(G =C)

% recovery = x 100

a
C,: Concentration of spiked sample
C,: Concentration of sample
C, : Concentration of standard

ZE 9 HFA

Wogonin, quercetin % quercetin-3-O-glucuronide®] &
FHA(LOD) B AZFA(LOQE HAFAe 71279t F&
Azt AN HHS Ao H T 2 o] &3t
gelska

Limit of detection (LOD) Limit of quantitation (LOQ)
330 100
LOD=222 LOQO=—=
S S

o: The standard deviation of the response
S: The slope of the calibration curve

Results and Discussion

Wogonin, quercetin 9 quercetin-3-O-glucuronide2]
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2 quercetin-3-O-glucuronide EFEZA S that HhgG4
W3S AES A3}, 247 275.6, 255.6, 256.7 nmoll A 3

s Vel thFig. 1). 2 229 A Erabdel
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Fig. 1. PDA spectrums of wogonin (A) quercetin (B) and querce-
tin-3-O-glucuronide (C) in STD, Spiked sample and extracts of
Nelumbo nucifera, Morus alba L. and Raphanus sativus mixture.

st A3 Fig. 29+ 70| quercetin-3-O-glucuronide™=

e AEE9 7] glo] Adgzer FEASS g1l

O} wogonin quercetin®] 734 &3 FEEONA HE
|

=& ek} Quercetin-3-O-glucuronides &3 F&E374
EZEHoAM ] HFEE A ARG AL FRleon,
ET8939 &% FEE9 PDA spectrum AFAME T

U3 spectrume HERHOH oS Fall Solde 24
A thH(Fig. 2).

Sk, wogonin, quercetin % quercetin-3-O-glucuronide
BFENS 1.5625, 3.125, 6.25, 12.5, 25, 50, 100 pg/mL
FeE dAFoR F4sle] HPLCE £33+ 434, wogonin,
quercetin, quercetin-3-O-glucuronide®] 7 FAL 747}
y =12627x — 6405.8, y=25056x — 23503, y=17782x — 11835
2 UeRgom AAAFRY) w2 Al 7EA] AR 25 0.9999

ol

(A) Standard (100 pg/mL)

o
025
Quercetin
0204 \
Q-3-0
F 018 \. W in
a0
008
o 500 ™ 500 008 00 000 o0 P 4800 8200
Mircoes

(B) Sample (EM 10)

0284
0204
ELEES
[R5
Q-3-0
0.084 \4
t i A l T Il
0.00- 7 1 T T T T T T T
Ll 800 10.00 15.00 2000 25.00 .00 *00 40,00 4500 &0.00
Mt

Fig. 2. HPLC chromatograms of wogonin, quercetin and querce-
tin-3-O-glucuronide Standard (A), Nelumbo nucifera, Morus alba
L. and Raphanus sativus (50:30:20) mixture extracts. (B).

2 Yeh} 9538 2448 B TH(Table 4).

[e) =
(50 pg/mL)E 71 ¥ HPLCE #4135
Azt 3k Atole] A S glste] YA
, 3FES SA s AGS Aottt A4 4
EFHHRSD)Z &<13ITth. Wogonin, quercetin
2 quercetin-3-O-glucuronide®] g8 -2 Table 33} 7]
A7 ABANA Z+2E 0.76~1.24%, 0.90~1.40%, 0.74~
1.87%% e on du ALgdA = 0.12~1.06%, 0.28~
1.12%, 0.52~0.92%= 5% °la}e] -3 HL4L e
ot A 3rES 5795k Yeh™ Table 33} 72|
wogonin, quercetin 2 quercetin-3-O-glucuronide ¢ 4 7F
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o ® 100 ] ® = 0 &

quercetin i gim) of quercetin 3.0 gl

Fig. 3. Calibration curve of wogonin, quercetin and quercetin-3-O-glucuronide standard solution.

]

Table 3. Precision and accuracy of wogonin, quercetin and quercetin-3-O-glucuronide analysis for Nelumbo nucifera, Morus alba L. and

raphanus sativus extracts

Analytes Concentration (ug/mL) Mean + SD (ug/mL)  RSD?(%)  Recovery (%)
3.125 3.40 £ 0.04" 1.06 108.88
Intra-day 12.5 12.65 +0.05 0.37 101.21
. 50 50.18 £ 0.06 0.12 100.36
Wogonin
3.125 3.37+0.04 1.24 107.97
Inter-day 12.5 12.50+£0.13 1.06 100.01
50 50.00 = 0.38 0.76 99.99
3.125 3.59+0.01 0.28 114.81
Intra-day 12.5 12.57+0.14 1.12 100.57
. 50 49.89+0.16 0.32 99.77
Quercetin
3.125 3.62 +0.04 1.09 115.88
Inter-day 12.5 12.55+0.18 1.40 100.36
50 49.98 +0.45 0.90 99.96
3.125 3.51+£0.03 0.74 112.44
Intra-day 12.5 12.67 £0.12 0.92 101.34
50 49.96 + 0.26 0.52 99.91
Quercetin-3-O-glucuronide
3.125 3.50 +0.07 1.87 111.91
Inter-day 12.5 12.58 +0.17 1.35 100.61
50 49.86 + 0.37 0.74 99.73

YValues are mean + SD in triplicate (n = 3)
YRelative standard deviation

Table 4. Correlation coefficients of the calibration curves, and limit of detection (LOD) and limit of quantification (LOQ) of wogonin,
quercetin and quercetin-3-O-glucuronide analysis for Nelumbo nucifera, Morus alba L. and raphanus sativus extracts

Analytes Range (pg/mL) Slope Intercept ~ Correlation coefficient(R*) LOD (pug/mL) LOQ (ng/mL)

Wogonin 1.56-100 12627 —6405.8 0.9999 0.16 0.48

Quercetin 1.56-100 25056 —23503 0.9999 0.09 0.26
Quercetin-3-O-glucuronide 1.56-100 17782 —-11835 0.9999 0.15 0.45

SHAl= 242 0.16 ug/mL, 0.09 pg/mL, 0.15 pg/mL=E =
gom HFSA = 22t 048 ug/mL, 0.26 ug/mL, 0.45

pg/mLE veksith o d] A3E Fa) A, Y % 4

glucuronide> HPLCE ©]&3f &A1 o] 7tssl B

o] 7153 Ao g UERGTHTable 4).

A9, Y, Ax B TY FEE2] wogonin, quercetin,

quercetin-3-O-glucuronide T2
gHdE BUE o8t Y FF

quercetin 2! quercetin-3-O-glucuronide 2]

E Wl wogonin,
ST A

wogonin} quercetin® &3 FE2E UoA HEEHA &t
th. o]# gt A= Sultana®t Anwar™® 2 Beevi 5799 <1
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Table 5. Concentration of quercetin-3-O-glucuronide in samples

Compounds (mg/dry weight g)

Mixture ratio (N. nucifera

Sample : M. alba L. : R sativus) AVGY£SD?  RSD?
WMY1 80:20:0 6.76 + 0.09 1.39
WM2 70:30:0 4.82+£0.04 0.83
WM3 60:40:0 4.56+0.01 0.29
WM4 50:50:0 4.27+0.00 0.09
WMS5 80:0:20 4.27+0.01 0.33
WM6 70:0:30 3.35+0.01 0.36
WM7 70:20:10 4.92 +0.07 1.44
WMS 60:30:10 4.92+0.01 0.20
WM9 60:20:20 3.93 +0.02 0.50
WMI10 50:30:20 3.71 £ 0.01 0.14
WMI1 100:0:0 6.71 £0.01 0.20
WMI12 0:100:0 1.78 £0.02 1.08
WM13 0:0:100 ND* -
EM®1 80:20:0 37.82 +0.08 0.21
EM2 70:30:0 34.34 £0.04 0.13
EM3 60:40:0 32.90 £ 0.04 0.13
EM4 50:50:0 17.18 £ 0.02 0.12
EMS5 80:0:20 25.23+0.03 0.10
EM6 70:0:30 17.56 £ 0.01 0.05
EM7 70:20:10 26.04 +0.02 0.10
EMS 60:30:10 18.93 £ 0.04 0.20
EM9 60:20:20 19.59 +0.03 0.16
EM10 50:30:20 15.99 +0.02 0.11
EMI1 100:0:0 50.95+0.61 1.19
EM12 0:100:0 6.73 £0.04 0.60
EM13 0:0:100 ND -

D Average of concentration
YStandard deviation

YRelative standard deviation
“Extracts of mixture by water
SNot detected

®Extracts of mixture by ethanol

Aoz NRZ AL
AAEA) 710 W flavonoid AAEE9] o
FFEste)] w8 A B o] gt
Ao 7 ALFHEY?. Quercetin-3-O-glucuronide
H]E(100:0:0)0Z &S o] &3] =3 4
3 TFS UEloH EFEE FolA
11(80:20:0) AZFA =2 FF2 BT ol A
FZ& 59 quercetin-3-O-glucuronide”} th=F 5o 7]
gl AoE AlsdTh WA MEES quercetin-3-O-
glucuronide 32 &7 5~50.95 mg/dry weight go] 3
ZFS A JE Ao A EATK(Table 5).
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