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Isolation and HPLC-DAD validation of xanthoangelol in
Lespedeza bicolor extract

Hyun Sim Woo', Yeong-Su Kim', Yu Jin Oh', Hae Jin Cho', Se-Kyu Song', and Dae Wook Kim"*
'Department of Forest Plant Industry, Baekdudaegan National Arboretum

Abstract This study was undertaken to determine the characteristics of xanthoangelol, the major chalcone constituent
derived from the extracts of different parts of Lespedeza bicolor. Xanthoangelol was isolated from the root extract using
column chromatography and used as a standard for quantitative analysis. The structure of the isolated compound was
established based on spectroscopic evidence. The HPLC-DAD method was validated for specificity, linearity, precision,
accuracy, limit of detection, and limit of quantitation. The calibration curve of xanthoangelol had significant linearity
(R*>0.9999). Limit of detection and limit of quantitation 0.018 and 0.059 pg/mL, respectively. The relative standard
deviation values of precision test, and intra- and inter-day tests were less than 0.22 and 0.40%, respectively. In the recovery
test, the accuracy ranged from 98.98-102.78% with RSD values less than 0.13%. The method validation parameters indicate
the applicability of the HPLC method for quality control of food or drug formulations containing L. bicolor.
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A2 U5-(Lespedeza bicolor)y= A= 2FokollA 23 m =o|2
8] Ap2ar 7-8del Fo] L shte] AR 3714 <] glo]
g3 22 o] EdFoly @] AAl ®2 Fde E717
UE T HEgHEoE fEvEel A, divtel 2 Exs
ot AU = 559 SRIlEIHVE Hou 18, A", v 71
A, A, g 59 AR F ol=Ae} 7HA FoE AT
2 glen Wizt o g IHAS XEAR o83 THKorea
National Arboretum, 2012; Lee, 1972). Atg|upi-o] &3 A&
A HWREHI low, HH(S, &7, ¥E) FEE A
ez A &4, 2bsly ey 2 dEhd A B3t
= tyrosinase A &4 F HY &4 Fo] BE vl Uh(Lee
5, 2005a; Lee 5, 2005b; Lee %5, 2011; Lee?} Jhoo 2012;
Lee 5, 2016; Ryu 5, 2007).
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SHE xget orlle] @A 35HE-2 bacterial neuraminidasE A
aigtogx Fuate|gloldS 7RI, Do 52017y Z7]9 &4

= 17712] metabolite”} methylglyoxal (MGO)ll <J3] =¥
advanced glycation end products (AGE)E #I3|3t2. 2 endothelial
dysfunction®] oW E= XEAZY o] 7S AT
Ullah(2017)y= A=V R237-¢F A8 F#&59] phytochemical
< B33 Human lung carcinoma cell (LU-1)3 human
prostate carcinoma (LnCaP) cell linedll 7Fs4d & A< &<
FH Edol & F g Fol AAs

A o] 84 2aF AMHER = caffeic acid, protocate-
chuic acid, botulin acid, b-sitosterol, quercetin, kaempferol, trifo-
lin, prenylated/geranylated flavonoids &< ZJ&°] RIF ATt
(Maximov -5, 2004; Samiullah &, 2012). Prenylated/geranylated
flavonoids®] 73-%- flavonoids®] A3 7dZ0l|A] chalcone synthase
(CHS)l )3l 1#A4+2] coumaroyl-CoA2} 3%-A12] malonyl-CoA7}
=3 WEgSte] A chalconeS Pt AU FEE
9] 7154 €221 xanthoangeloh= HIZ23 $H4 ZR2oM A==
isopren?} flavonoids Ay =24 A== chalcone®] ZAE
3le] geranyl group®] AFE chalcone f=A°]tHSun 5, 2015).
Xanthoangelol:> 4173 ShA| ol WER M XX FAaH, F
& ZERE ZAF Hold g A BF B FALEORE <l
gk vRE A &5 thg HelelA Fatst 2ol vt &
##] th(Akihisa 5, 2003; Kimura2} Baba, 2003; Li 5, 2016;
Sumiyoshi 5, 2015; Tabata K, 2005). & doxE= Aa)sts 7]
543 ol& 7FsAel de AU FEAE xanthoangelols
noy HAol & %7 €4 HPLC-DAD B44We &g sty

T AILEN = ey P} T a=
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ez 717

B AR AEE ARUTE 4% BakE RN el
201830 Aol S7ste] ALGSIHOR, FYWTFOEEL

SAFIAY S-S 2 BE(BDNA-2018-302)S T
Y75 REA B3Rt TLC (Thin layer chromatogra-
phy)= Kieselgel 60 F,,, (Merck, Darmstadt, Germany)E A}-8-5}
AL, A AJek2 10% aq. H,SO, (Junsei Chemical Co., Tokyo,
Japanyg AFE3SIIT) 2] 2 FAE $18] Open column chroma-
tography & silica gel Kieselgel 60 (70-230 mesh, Merck, Darms-
tadt, Germany), Recycling preparative HPLC column< JAIGEL-
ODS AP (20x500 mm, 15 pM, Jai, Tokyo, JapanyS AFE-3}S]T}.
AR AEE 717]+ Agilent 1290 Infinity 1T LC Systems
(Agilent, CA, USA)2Z column< ZORBAX Eclipse plus C,
(4.6x150 mm, 5um, Agilent, CA, USA), £1l:E JT. Baker
(Phillipsburg, NJ, USA)ZFE +94g HPLCH -&viE AME-3H3
k. NMR spectrum 800 MHz NMR (Bruker, MA, USA)S A}
&3l £4319 3 NMRE 89i= Actone-d;, (BK Instruments
Inc., Daejeon, Korea)S AFE-3}3iTh.
Ho| H2| Y 5H
g AT 9] 14kg 95% methanol 2 7F-&-0lA]
3 Filter paper (NO. 4 Whatman interna-

tional, UK)& ©]&3l] o3 & o] 719} 553} methanol &
ZM (224 gy SFHG alsted, S99 w2l n-Hexane, EtOAc,
n-BuOH 3 =2 Ao 7ete] £8383]rh oln &
EtOAc %% *1 7t FEdle] e FEA(159)S silica gel
(250 g)°] ZF = column (8x300 mm)dll FY3IATE Columnel| #-
Hexane/ethyl acetate (50:1, 30:1, 15:1, 10:1, 5:1, :DE TXH L
2 AAAA el BYFEI-00 2 ATk o] FolA Frd
(2.1 2)2 sephadex LH-20S AM&-3}3L methanols #7l &uj=
column chromatographyS AAlste] 771 A&FE (Frd.1-7)2=2
Utk &88 Fr4.2 (161 mg)y= Recycling preparative HPLC
system (JAIGEL-ODS AP; 20x500 mm, 15 um)Z ©]&3}o], gra-
dient (H,O/ACN; 80:20, 60:40, 20:80, 0:100)2 AF&-3}o], 313t
1 (34.1 mg)yS &FalA EsHAThFig. 1).

3}3HE (1): 'H-NMR (800 MHz, Acetone-d,) & 1.54 (3H, s,
H-9"), 160 (3H, s, H-8"), 1.82 (3H, s, H-10"), 198 (2H, t
J=8.0 Hz, H4"), 207 2H, m, H-5"), 344 (2H, d, J=8.0 Hz, H-
1", 5.07 (1H, t, /=8.0 Hz, H-6"), 554 (1H, d, J/=8.0 Hz, H-5,
695 (2H, d, J=8.0 Hz, H-3,5), 7.71 (2H, d, J=8.0 Hz, H-2,6),
7.73 (1H, d, J=16.0 Hz, H-o), 7.85 (1H, d, J=16.0 Hz, H-p),
795 (1H, d, J=7.95 Hz, H-6'). "C-NMR (200 MHz, Acetone-d,)
5 155 (C-10"), 169 (C-9"), 214 (C-1"), 25.0 (C-8"), 26.5 (C-5"),
39.6 (C4"), 1072 (C-5), 113.6 (C-1'), 1153 (C-3"), 1159 (C-3,5),
117.5 (C-6), 122.3 (C-2"), 124.3 (C-6"), 126.7 (C-1), 129.3 (C-P),
130.7 (C-7"), 130.8 (C-2,6), 1344 (C-3"), 1440 (C-o)), 160.0 (C-
4), 161.8 (C-2"), 164.3 (C4), 192.1 (C=0).

o
=
%
=

g
o
)
B
oX

¥ xanthoangelol 5mgs 3 F3sle] HPLCE
MeOHl| 5mL =494 1000 mg/Le] standard solutions ZA|3+%]

A 24 g9 2 1SS 281 0.06-500 mg/LE 84
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Fig. 1. Structure of xanthoangelol isolated from Lespdeza bicolor.

Table 1. Optimized process parameters for chromatographic
condition

Parameter Conditions
Agilent 1290 Infinity I LC Systems
Instrument (Agilent Technologies)
Column ZORBAX Eclipse plus Cg (4.6x150 mm, 5 pm)
Time (min) A (%)" B (%)”

7 95 5
27 20 80

Mobile ph ient

obile phase Gradien 3 0 100

38 0 100
45 95 5

Injection volume 10 puL

Flow rate 1.0 mL/min

Wavelength 370 nm

YA: Water with 0.1% (v/v) formic acid
2B: Acetonitrile with 0.1% (v/v) formic acid

HPLC-DAD &4

HPLC-DAD A &€l& ARg-sto] Aznteaey) 48 F3st
Atk o] A¥l= PE, DAD HE7] 9 A AEFHE A EHA
t}. DAD AZ7]olA xanthoangelol ¢ A& 342 370 nm
oA N, 2HEY 2702 200-400 nmoll o] Fo X T}
ZORBAX Ciq 79 (150x4.6 mm, 5 um, Agilent, CA, USAYS A}
3t 2 TS o5 EE 0.1% formic acidE T
f+3l= water (A)Z acetonitrile (By2 AME-31] 1 mL/min®] £
O F AFE 10uLE FY3ted gradient condition® 2 #3132
W, #4 27102 Table 13+ 2l 4 A5+ 370 nmellA] =2
nlE 38 FZ3)0] xanthoangelolE &3 T3 WAL o] &3}

o] AR Aty sHeHEe] Fgere AalgTt

BMx71 HE(Validation)

HPLC-DAD #4199 A&d4 2 HF=gE 71Fsh7] S8 ICH
Guideline®l] 7]Z3}Fe] 244 (linearity), 7Z3HA(LOD, limit of
detection) 2 HZIA(LOQ, limit of quantltatlon) =] ]
35S B3 AU (precision) H7F, & FE(recovery) AlES 53
A &4 (accuracy) B 7HE A A ATHICH harmonized tripartite
guideline, 2005).

MM (Linearity)

E2A3}3A} k= xanthoangelol?] = WS E&sh= =0l
o HPLCE 413t 93 WA ke A= HdHgde 4
FAATRY) S ol&ste AHAEES FRlskTh

o

]

ol
30 =
Moo

HEsHH el MEFEHA|(Limit of Detection and Limit of
Quantitation)

HZSHA(LOD; limit of detection)®} 73 #3HA|(LOQ; limit of
quantitationy= 4] o E2S AZA A HEED 5 e 3
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Fig. 2. Comparisons of the HPLC chromatogram of xanthoangelol in 125 pg/mL standard solution (A) and influence of ethanol
distribution ratios on xanthoangleol profiles; Stems (B) and Roots (C). Insert show the absorbance spectra of xanthoangelol and an
enlargement of the HPLC trace between 27 and 31 min. Blue: water, Red: 50% EtOH, Green: 95% EtOH.
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AU R-98 &7 M) 918 #dsto] 228k 50 mesh
o] A2 et nYRE Adsled AR 50l 50mLe] water,
30, 50, 70, 95% EtOHE AME-3l] 25+5°CR 2 WY 255 5%
3 & 45N AL 045um PTFE syringe filter(Advantech,
CA, USA)Z o]F}sle] HPLC £ AR&-3lith.

SAHEN
BE A2 39 o] vk pRskl, Avhs sy

ZH(meantSD)E. 713t ZF 4% A3+ SAS program (Sta-
tistical Analysis System, version 8.1, SAS Institute Inc., NC,
USA)S ©] 83} one-way ANOVAS} Duncan’s multiple-range
test (p<0.05)% B3}

ot nFE
NESE =22 ¥ =83
n-Hexane, ethyl acetateS AH&-5te] column chromatographyE &

3] 23t 3}5HE xanthoangelok> =8H FZro]m HPLC chro-

21 A3} retention time 28.833 min®l|A] single peak®
R 72 545 918l NMR #443%} HREIMS
olF A¥E EUlZ #xE A3 uv
spectrum =% A3} 210, 370nm 2] peakE 2 oW (Fig.
2A (Insert)), HREIMS spectrum©ll ] m/z 392.1986 [M]= &AM
C,;H,,0, m/z 392.1988 [M]" ALt 3 LA ck(Supporting infor-
mation). 'H-NMR spectumoll A= § 7.85 (H, d, J=160 Hz)}? &
773 (H, d, J=16.0 Hz)®] peaks= chalcone 3FHE2] 54421 H-
o, signalE©] doublet>Z A2 couplingdtxX 2.1, coupling
constant #°] J=16.0 Hz3l A2 A= o,p-unsaturated carbo-
nyl SHELS & 5 AATE T3 aromatic regionol A § 6.56 (H,
d, J=80 Hz, H-5), & 795 (H, d, J=80 Hz, H-6)2] doublet
peaks= A ringol|Al 719131 peak® A1Z ortho couplings 3kl
AL & F AYew, § 695 (2H, d, /80 Hz, H-3,5% §
771 (2H, d, J=8.0 Hz, H-2,6)2l4]2] doublet peaks:= B ring®ll 4]
71903l peak® para X|ZHAUS & F AT

Geranyl group 'H-'H COSY spectrumol|A] H-1"9} #Al= H-
2", 5"9} ARE H6"S 21895 HMBC spectumES 53 §
192.19] carbonyl carbon®] H-B, H-a, H-6'9} correlationS 22138+
o=2x ARAE A As F U oY AFAFARTH, X
U vEke FEEZHE xanthoangelol® 2 A 3N oM, 7]
E} 1D2D NMR spectral data’} HiLH T3]} AXgHe 2l
=8

ME|UR FE5E0 EAMY &E % So[M &el
AU 848 xanthoangelolE A FAEOZ
olg] BAWG MAsiATh Hold AEE 3l £
£ =29 7H gle] #EE + UEF 370 nme]
}o & ZORBAX Eclipse plus Cq (4.6x150 mm, 5 um)S A3}
Table 1°] & 271& Saiet. S9E 4 2002 4
U-Z27](Fig. 2B)9} ] (Fig. 2C) 3252 43 434 3
EgkE AEleNE 7Hgle] ¥A7Fssla 38
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Fig. 3. Calibration curve of standard.
B o EEsD, Meie ol
Xanthoangelol T89S 0.06-500 pg/mL F=2 GAHS =R
;z;]jla}oq HPLC éé%\ 74?);}\1 = z]-/ﬂo} q.a:lg 3). 74&1\4
o] M2 y=41.648x+32.045, “FHATR)ES 09998 F2
A4S Btk AESALOD)SE A HEA(LOQ= A9
A gAY 718719 y BH S o185t ALk A3

£2] Xanthoangelol 2] ¥ HPLC-DAD ¥z d|o] A 29

xanthoangelol®] %3 0.018 pg/mL, B ZF3A 0.059 ug/mLE
e A TH(Table 2).

M, MM 9 38 &X

AU, A ey Qs FRRA Y sde 2R
oA Al A FE(15.63, 3125, 62.50 pgmL)yS Az D F33}
o] RSD g #4319 2™ Intra-, Inter-day®] RSD %2 Table 3
3} 7] 0.06-0.22, 0.13-0.40% HLIZ YERTE Xanthoangelol2]
A HAE Y8 1563, 31.25, 6250 ug/mL FEolA 34k
3 A7} xanthoangelolS 98.98-103.04% W99 35&S B
w RSD %2 0.03-0.13%= YERHTE. Precision ¥ accuracy= &
T 2% ool E& ARES YeEpeH ol e AdE E
W2 2 2] ZE7T 7He TS SISt Table 3).

=& 200 mE M2[LFel oY EEREY
= *]@%“94 7135 AL F3te] xanthoangeloldl that 7]
A o] e -9l %%"] A 24 o
83171 %-Ec} Zi% ¢ g AARTh A, 71 F E 95%
£ gt AZrfE2H UV "?‘JEE* S w4
st Ay 719} ¥e] HAFEENAY xanthoangelol SH=-S

=

Table 2. Calibration curve, linearity, limit of detection (LOD) and limit of quantitation (LOQ) of xanthoangelol by HPLC

Compound Linear range (ug/mL) Regression equation” R? LOD? (ug/mL) LOQ? (ug/mL)
Xanthoangelol 0.06-500 y=41.648x+32.045 0.9999 0.018 0.059
Vy: peak area, x: concentration.
JLimit of detection.
ILimit of quantitation
Table 3. Precision and accuracy results of xanthoangelol
Precision Accuracy
Compound Co/nc. Intra-day” Inter-day”
(ng /mL) - MeantSD  Recovery (%)  RSD (%)
Mean+SD? RSD (%)” MeantSD RSD (%)
15.63 15.42+0.03 0.19 15.44+0.03 0.19 15.47+0.02 98.98 0.13
Xanthoangelol 31.25 32.05+0.07 0.22 32.18+0.13 0.40 32.20+0.02 103.04 0.06
62.50 63.87+0.04 0.06 63.95+0.08 0.13 64.02+0.02 102.43 0.03
DInter-day: three times analysis of xanthoangelol per day for 2 days, Intra-day: three times per day.
JRelative standard deviation
dEach data was obtained by three times analysis (n=3).
Table 4. Content of xanthoangelol from stems and roots extracted by different solvents
Plant part Extract solvent Mean+SD (pg/mL)" RSD (%)” Contents (%) Extraction Yield (%)
Water ND? ND ND 11.0
30% EtOH 0.35+0.04 0.20 0.26 17.4
Stems 50% EtOH 62.96+0.15 0.14 4.81 17.4
70% EtOH 90.14+1.22 0.12 7.57 20.0
95% EtOH 127.41£3.01 1.40 11.08 29.2
Water ND ND ND 8.0
30% EtOH 1.02+0.07 42.16 0.079 15.0
Roots 50% EtOH 237.79+1.46 0.14 18.29 15.4
70% EtOH 277.15+£2.09 0.06 21.32 16.4
95% EtOH 437.4245.77 0.07 33.65 30.8

YEach values were the mean+SD.
JRelative standard deviation.
IND=Not detected.



30 =2 E38ke]x] A 52 WA 1 & (2020)

3olg 4= 92l Xanthoangelol ThRFSE AjE]EHAdo] B e wl
F 71548 AF AR &l AYe 3 duHEE =
st AFEAS AAEY. FEE o AT 719
B]9] xanthoangelol g #4H-4 Z3}= Table 4} 72t} A2y
=719} B8] BF 95% EtOHo|A xanthoangelol®] o] 12741,
4372 pgmlLE 7Y =2 A2 YA 7 Sule] 2
EtOH H]&©°] ¥o}l&4E xanthoangelol 3 W3k S716l= A<
313k th. Waterol| A= xanthoangelolo] & EA] o} A 2n}
EadeA] gR13 4 ISlth. oo Axe Aeluie] tlxF
ol 7154 &322l xanthoangelololl T3k & % Hz|, £2of &
St 7| Z2AEEA opet Aok A2 o] s Al &8 Tks
g Roz AztEh

o ok
el =

B dAge AR 7154 AolokE s SlEl e A
Aol e FEx7S s HPLC-DAD HA1abH ] thsh
Bejdlolds AAlsiith Aebrite] FEEZEFE AR
AzrEady] /Yo FeARS #elsle] NMR, MSe}
2 7171384 dataE 3413} xanthoangelol 3}3t=<S &3}

Q2 ml

1_6 AR
t}. Xanthoangelol® ¥FEZ=E XA ste] HPLC-DAD EAWo]
ch) =P S|

B E AEs] fste] 24, 97 9l HEA,
A 2 AFAAE Ilshke B4 ddo)ldEs Fast
t}h. Xanthoangelol #41-2> ZORBAX Eclipse plus C,, (4.6x150
mm, 5um) ZF3} 7]87] &Z(gradient elution) WHOZ, 370
nm oA ThE 22| 74 glo] KAl BXEE A4S &
QKA. 7154 &A= Agsld At B3 EEg ol§
3 = (water, 30, 50, 70, 95% EtOH)® %3} xanthoan-
gelol®] $HS EAlsI o, ofghe H|&o] wel Uit e
FEES ZETOEMN J)TA vlelQ AejoFE Am Mg 4
g 7|2 AEE 888 F g AoF y7wi.
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