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Antioxidant Activity of Different Parts of Lespedeza bicolor and
Isolation of Antioxidant Compound

Jae-Hak Lee and Jin-Woo Jhoo*
Department of Animal Products and Food Science, Kangwon National University

Abstract In this study, total antioxidant properties of extracts from different parts of Lespedeza bicolor were determined
using techniques of measuring 1,1-diphenyl-2-picryl hydrazyl/2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)-radical
scavenging activity and total phenolic contents. The total antioxidant activities of leaf, stem and root extracts from various
solvents (water, 50, 70, 100% ethanol, and hot-water) indicated that 50 and 70% ethanol extracts have high radical
scavenging activities and phenolic contents. A systematic approach was used to determine the total antioxidant activity of
different solvent fractions of the Lespedeza bicolor extracts, partitioning with chloroform, ethyl acetate, n-butanol, and
water, and the ethyl acetate fraction was found to have the strongest antioxidant activity. Antioxidant assay-guided isolation
was carried out to isolate potential antioxidant compounds. The ethyl acetate fraction of the leaf extract was subjected to
silica gel, LH-20 and RP-18 column chromatography successively, and afforded compound 1, which was identified as
eriodictyol by NMR and MS analysis, after which its antioxidant activity was determined.
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2] (Lespedeza bicolorye F-ZH(Leguminusae)°ll %3l= thaAy
o] &9 AFoZA =olrt 3 mdll G, 7= Aol U
Aol EAle A% HAoz Juje 109 A&l 7-8
ol Mkt Sk, F=, 42 2 SEErloll] Exdke AE
o|th3). M= R, Ad, T 71BAYE, X8, HE, T,
el sge] XFA 9 o) :AS} HA| o HHoR ARg-st
I Athé). Ao #EE AFEE AU 3, #
g3, 7714 Z oAt 5o AEE BAste] BEision
(5), =3 AU F=E°] xanthin oxidase 2 tyrosinase A3
& 7K Ze® BIEITHe). AT FEE] Ao
&, superoxide dismutase AN, oFEAMA AAF T2 kst
A A A7 FRENLEG), A2 ATl Ryu ()
AT £ g FEE0] 1Fe] defd 4 Aslsle &
FE Bt B Ao AdEdgos dASAE@),
AFERE(8), FubolB|=2kE8(9) Fol YA Utk AEE A&
shEe] e 23 AR B3 dFEe MRV -(Lespedeza
bicolor) &7)Z%E] caffeic acid, protocatechuic acid, betulinic
acid, botulin, B-sitosterol 52| & % prenylated isoflavanone
< BEst B 519em(10), EAE] (Lespedeza virgate)Z-E
Prlad-s 7THE 659 SRR xo|=E EElste] RS
(11). Baek 5(12)2 M2l (Lespedeza cyrtobotrya) <712 ™k
F2E2%8 2% dalbergiodine] Wabd AWIAS A s)8t
I FHIAY. vIGEl(Lespedeza cuneata)?] Aol A
kaempferol, quercetin 2]l hyperin, hirsutrin, desmodin, homo-
adonivernite 52| FetE=o|=7} EEEo] BIEFIOM(13), &
s HEle EEEe 9 EgExolE o] ol HAE F
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g AZEAEAS] M 7S 1 T F AATK14). FF
2] (Lespedeza floribunda) H-2]e] WErE FEEZRH F 51%
o] EgiRwol=E IO, olE IE F Had AFA
S A&ske @37t 35 vMAQl hydroquinoneX.th -3k A
o2 BIEYTHIS).

AR U-(Lespedeza bicolorye= TFSSE 71548 7K+ &
EAYAE BFetal o] FEARE R Al #E
T= 15 o AuEn 2 AFdME AEuRe] 7E
A EAM S BAAL HE] A AevF FE FE2E9] 3
el S Bl e, a8/ EZ S antioxidant activity
guided-isolationS 53l EE|3te] AAFOEM AT 7T
oA NS f8 71RAEE A d
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2 o)A o]-g3t 1, 1-diphenyl-2-picryl hydrazyl(DPPH), 2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS), Folin Ciocalteu’s reagent, trifluoroacetic acid(TFA), Trolox,
gallic acid & eriodictyol 522 Sigma-AldrichAH(St. Louis,
MO, USA)EFE FYste] AF o] &siqirt. AfazntED
Ztyjo] ©]838t LH-20= Amersham Bioscience*H(Uppsala, Swe-
den)ZHE FY3sI2m, Silica gel 60> Merck*H(Darmstadt, Ger-
many)®] AFE ol&33rh. Al o] &3 Ne-E(purity 96%),
HERe 2 odolyHo]Ex= SK Chemicals(Seongnam, Korea)ol|
Al sk, i Ee 2 S22 X E2 Dagjung Chemicals
& Metals(Siheung, Korea)oll A T+ 3te] o] &3} th HPLC #4
of o]&3t olMEYVEY % &L Burdick & Jackson(Ulsan,
Korea)oll X Y39 ARUT A 3E ZUE QAR HollA A
wjsle Aol o, 7] 28l BEE 20119 9ol ()3t
AelM Ay 2 Tt AT AE Aol AHgsiien,
A ZF F9e ol B S AAGY Ax & E271E ol &
&to] 40mesh 7|2 st A|RE o] gslth AlRS 2
FFS THT A o, 271 2 e A7 717, 745, 442%
frobe Aes EAH

M o
i)

ME|LR 2o FE&EF M=
AT R, 71, ¥E) AlE 10gS 200 mLe]
T, 50% olerE: 89, 70% oNEE FEH 2E] 100%
S(purity 96%, SK Chemicals)® 33 3 %33
(DH.D.300H, Daihan, Wonju, Korea)y2 2A|7H4 33| W& &3}
o] d& FZHS No. 2 oA (Whatman, Kent, UK)E ©]-&3}
o] 749t & AN S S EZT7|(N-N Series, Eyela Co.,
Tokyo, Japan)g ©|-8-3tod F=3tATh Tk SRzt 71 g2akd
NEFEARXNE AMste] A 81029 200mL FFRFES 9o &
B2HA 6AIZH 33] Nk FE3lY FEAS Ao, o5
No. 2 A& o] &3] 7H¢teis &
£ ol&sly wEsiat. 74 F919 FEE2
_?‘_

1000, Eyela)ys ©]-&3te] s271x

N 2, olN
e (T S

o

DPPH 2iCizt A7{E

DPPH 2}]Z A7184< Blois (1691 wal DPPH(1,1-
diphenyl-2-picryl-hydrazyl)l] Tt 2} ¢ F(electron donating
ability) 22 FZwo] tid sdHe SAsslen, Ay 5
=3 £9=°| DPPH SHZE 50% 27stet] 282 ok

FTE(EC,)E &435IAth AlE¢F 150 uM DPPHEY 1mLES &
et & hAellA 3027 RES Al & REES 517 nmellA] &
=

F=2 24319 d. DPPH 2z 2AEAe th2-9] 23} 7o)
Askst ek

ABTS ZiC|g A{E

ABTS 2z &AEGAS o8 sk 542 ABTS cation
decolorization assay ¥ (17)0 <Jsle] =4 3}15]
o} 245mM K,8,0,5 A2 Aaox] 244]7F WH35le] ABTS
S FAAIA ABTS stock solutions |3t ©]% stock
solutiong SF55 ©]83le] 734 nmollA F3= 0.70+0.022 3|
AIA1A ABTS working solutionS A|Z3}31T}F. Working solution 1
mLe} A 8E F7Fste] oA 1087F WAL 5 734 nme]l
A =5 =735t ABTS ZHHZ &AES 4319 Trolox
equivalent antioxidant capacity(TEAC) #< ZH 37 93k
Trolox(Sigma-Aldrichy& AM&-ste] &= ABTS 2tz 2AES
S5 t) ole] FFFAE 2HI3t slope wS ANeH, 7+
Zte] Alg= F=e w2 ABTS ZUZ &2AE&S s 2
EAAFof| gt slope S EA5FA T 72 AlE9] TEAC value

£ ool 43t o] A,
TEAC value=slope of sample/slope of Trolox

O

s W= SiEE s

AR9] F dEA 315HE IS Singleton?} Rossie] WHH(18)
S olgsle] A3t A8 40 ZHF 156 mLE H7e
< 0.1 mL Folin-Ciocaltew’s phenol reagent(Sigma-Aldrichy& 7}
slo] &9tk & 57 A2o)A wREAIZOH, o]F 2 M sodium
carbonate & 03 mLE FH7lste] 40°CollA 3037+ &t WA
A 750 nmellX] FBEE A HEd s BAES 9
3 FFEEAL gillic acid(Sigma-Aldrich)S ©] &3l & F&
FAE e T AR T HEA e FHE m

equivalent(GAE)/g©. 2 YERNATE.

MEILIR SolE £E580| 258 M=
AT 2918 AR 300g2 FRF 1,500 mLe] §31412]
MR Q9] 749 70% oSS olgste] 2417H 233}

=5 33 WHEsi o, At E719) BElE 50% ollRhe
ol &35l 2AI7H 2SIFES 33 HHEEle] FET FEY
AerEsE

A E, n-iEes

_‘0;‘_
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°f F2le

SRk FE=E SR &8l ARl F 22u7el

349 §7180) F2REE, odopEo] &

S| A

S2 ARgsilth Aeur <, 271 8 Ae] 2= Az
5 FEE 27 Fig 19 YERASITh

sigtE T=EA ¥ HPLC 24

g8 =228 37 918t Aol ©]83 Thin-layer
chromatography(TLC) #2412 MerckA} Silica gel 60 F,., & ©]&
stod AAIBIH ™ spot> UV illuminations} 5%(v/v) H,SO, ©
e &5 2xzgoldte] 18It 'H NMR, “C NMR %
DEPT spectrax= Bruker Avance 600 spectrometer(Billerica, MA,
USA)E ol&3te] S743tsrh. 5 #2¥ sks&E2 CD,0D
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leaf : 70% ethanol

Sonication extraction 3 times for 2 hr e root - 50% ethanol

| chloroform : aqueous (1: 1)

—

chloroform layer

aqueous layer

| ethyl acetate : aqueous (1: 1)

I

ethyl acetate layer

chloroform fraction
leaf: 9.2%

stem : 4.4%

root: 8.2%

ethyl acetate fraction
leaf : 8.6%

stem : 9.9%

root:12.1%

butanol fraction

I

aqueous layer
I butanol : aqueous (1 : 1)

butanol layer

leaf : 13.8%

stem : 26.5%

root : 35.2%

aqueous layer

water fraction
leaf : 66.2%
stem : 57.8%
root : 43.2%

Fig. 1. Extraction and fractionation procedures of different parts of Lespedeza bicolor.

(Sigma-Aldrich)?l| 833t Z73F1.2™ chemical shifti= §(ppm)
o2 FABITE HR-EI-MS #4412 JEOL JMS-700(Tokyo, Japan)
£ o]&3le] B ANEITh B Adox g dikeEd

=

o] MU doll FfrEle] Jde TS B3] $18ke] HPLC
(LC-20A, Shimadzu, Tokyo, Japan)E o]&3lom, 248 A

< Luna Cj column(Phenomenex, Torrance, CA, USA, 10 pum,
250x4.6 mm)S AMESEATE EA o] 838 o]Fd AT 0.1%(V/
v) TFAE FHshe &5 ol&stlem, ol BE 0.1%(VNW)
TFAE THsle SHEUEZS o] 8313th ol58ul= ol&
B 5%ollA 95% 7HA] 30%7F gradient ACE FIMAZioH, o]
T4 B 95%E 5w7F fAlst] BAAIZE 3587 A9E B
S 288 nmollA RUE e 248 28t o]
Tame 8255 E 1.0ml/min, ZHE L5 40°CE
A sl om™, AJEE 045um syringe filter(Advantec, Tokyo,
Japan)Z J3}5te] AlF 10 s HPLCO] FUste] #4381t

¢

rlo o

SHEY

A A= SPSS 19.0(SPSS Inc., Chicago, IL, USAYS ©]&-3}
o] ANOVAZ 2431, At 7F BlwE 913 AL Tukey
2 A3 e™ p<0.05 o1Fd we FAH Fde] e A
o7 At BE BAAES 33 o) Wi AJEsle] de
AFNE HFLETHAZ YeERATh

ol
o
-
S

% eSS o] g3ty FE3= Aol =
UehllE AgS Bgom, B 50% ek, 100%

S 3¢ T8 odEe Bl&o wE FE58
oA Aol yehtA] Ssktt. Aelu 271 FE8

o

Table 1. Extraction yields of different parts of Lespedeza bicolor

with different solvent systems (%)

Extraction solvent Extraction yields
system Leaf Stem Root

100% ethanol ext. 28.67£1.93*B  567+0.23C  4.57+0.42°°
70% ethanol ext.  31.93+£1.36**  11.57+1.20"% 12.87+0.93"8
50% ethanol ext.  26.83+0.57**®  12.63+0.51®*  13.80+0.82""
Water ext. 26.40+3.95"8  10.87+1.19"*8  10.03+0.81*
Hot-water ext. 25.57+0.95®®  10.10+0.87°®  10.87+0.83%EC

Data are expressed as mean£SD of triplicate experiments.

*®Means in the same row with different superscripts are significantly
different (p<0.05).

ADMeans in the same column with different superscripts are
significantly different (p<0.05).

100% ol&hes ol8ste] FEsh=
Yehiom, 70%2t 50% oleke
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IS o] 83l W

Z oME, 75% olere 2 2 SEEEY
HHE o] 83l & F I 582 747 097, 234, 2.12% ¢

425%2 Rt E3 Lee Q) A 2712 B ¢
NEES o]t FEI= AT FEFTES 47 438% B
560%= YeEh= AR Rusigon, Aeut ¥ Ag =
9 fERES o] 8% FE A 27 658% B 823%= HAL
stk o83 A B AFoM AAZ FE5E3 Ao|7}
Yelds Ao e, ol B AN F83 259 &
Wio] FEFg TS & o= A, 29 FES
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Table 2. DPPH radical scavenging activity of different parts of
Lespedeza bicolor extract

(ng/mL)
EC
Samples 2
Leaf Stem Root
100% ethanol ext.  16.53£0.32°°  40.30+£0.52°°  19.39+0.16"
70% ethanol ext.  14.99+£0.11°C  38.48+0.90°°  19.35+0.18"
50% ethanol ext.  15.82£0.31°¢  29.34+0.38°  12.42+0.09°°
Water ext. 84.19£3.34%  175.89+1.43% 38.12+0.20°*
Hot-water ext. 29.93+0.92®  76.97+0.46"®  34.64+0.21°8

Data are expressed as mean+SD of triplicate experiments.

“*Means in the same row with different superscripts are significantly
different (p<0.05).

APMeans in the same column with different superscripts are
significantly different (»p<0.05).
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M2l meld &80l DPPH 2iciz 2713 24
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DPPH |z £AES #4]8te] Table 20 YERATE A=vt

T %50, 70, 100% clehE FEE° DPPH itz LA 2l
oM frolH Aol ‘/]‘EP/}] s Ao® EAHT & F=
= Ecso%k" 84.19 pgmLE AE F8H FZEo| H o}@l
fo14 < DPPH U2 &g S 7= o= Yeikt
o}, %#«%%%91 3% ECy, #°] 29.93 pg/mLo 2 FA=o]
FEEY BHE aAde THe e setese 7
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Atk A E7)
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pg/mL2 7FF $-57% DPPH E}El% *7% £ 7He Rer #
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ZEo] B FEE w8 24 ol 5% P 2AEE U

ERlou, el deFEEd] 49 & FEES U 27wl
2 zelE YeriA edstTh AU 591 50% olEeS o]

gslo] Ao =2Ee] DpPH Fulzd 2AHES H|wd Az} B

>9l >&719] o= BHE avlEe] 9 JoE vEhgt
Lee T2HE At 2719 70% wehE $894E o83t
i‘r%%ﬁﬂili T FEEAAA e FE 4 DPPH 2}t

2 ECye 164.90 pg/mL ©2 B 3199, Yang 5(22)
< ‘31L W AR 1409959 atstedd S AESl] AAgE B

oA A2l 739 ORAC A7} thZF Troloxoll Hl&l 1.5
HiQl Aoz UrEM 3k kel 2aAYS B vl Qg T

3 Kim 53 Aeluby weke 28] 298 DPPH o]
7 a5 vlag 49 W) > > 2] > 2 242 A5l
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2 veheint,

Table 3. ABTS radical scavenging activity of different parts of
Lespedeza bicolor extract

TEAC value”
Extracts
Leaf Stem Root
100% ethanol ext. 0.0814* 0.0967°8 0.2294%
70% ethanol ext. 0.0780 0.1289°* 0.2328%®
50% ethanol ext. 0.07988 0.1312% 0.2992%
Water ext. 0.0322°° 0.0325%° 0.1497%°
Hot-water ext. 0.0714 0.0826°¢ 0.1732%¢

YTEAC value of Trolox expressed as 1.

Data are expressed as mean of triplicate experiments.

“*Means in the same row with different superscripts are significantly
different (p<0.05).

APMeans in the same column with different superscripts are
significantly different (p<0.05).
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A F9E tE FEE2UE olgstd 4L FE=9
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21¢] slopeﬂ Trolox9] slope?] H]&Z AlLFeliem, olm Trolox
9] TEAC value= 12 YERNJAT} Troloxe] &= u}E ABTS
G 2AEES St BEFAANA A2 3]A2)9 R square
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Total phenolic contents
(mg GAE/g of sample)

100% ethanol ext.

70% ethanol ext.

50% ethanol ext.
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¥ Leaf
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Fig. 2. Total phenolic contents of different parts of Lespedeza bicolor extracts. P Different letters in the same color bars are significantly
different (p<0.05). *“Different letters in the same extraction solvent groups are significantly different (»<0.05).
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Table 4. DPPH radical scavenging activity of fractions from
different parts of Lespedeza bicolor extract (pg/mL)

. ECSO
Fractions
Leaf Stem Root
Chloroform fr.  79.82+0.93°®  96.11+0.71°®  37.71+0.34®
Ethyl acetate fr.  19.55+0.10°°  14.31+0.11°°  8.86+0.03"
Butanol ft. 23.89+0.24°¢  28.49+0.12°¢  13.82+0.17C
Water fr. 367.35£13.67* 223.8442.99"* 66.63+£1.21*

Data are expressed as mean=SD of triplicate experiments.

#¢Means in the same row with different superscripts are significantly
different (p<0.05).

APMeans in the same column with different superscripts are
significantly different (p<0.05).

Table 5. ABTS radical scavenging activity of fractions from
different parts of Lespedeza bicolor

] TEAC value"
Fractions
Leaf Stem Root
Chloroform ft. 0.0361¢ 0.0696 0.1493
Ethyl acetate fr. 0.1895 0.2596™ 0.3740
Butanol ft. 0.1252°8 0.0818® 0.2642%
Water fr. 0.0332°¢ 0.0322°° 0.0981%°

DTEAC value of Trolox expressed as 1.

Data are expressed as mean of triplicate experiments.

**Means in the same row with different superscripts are significantly
different (p<0.05).

APMeans in the same column with different superscripts are
significantly different (p<0.05).
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Fig. 3. Total phenolic contents of fractions from different parts of Lespedeza bicolor extract. *PDifferent letters in the same color bars are
significantly different (p<0.05). ““Different letters in the same extraction solvent groups are significantly different (p<0.05).
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Table 6. DPPH radical scavenging activity of column
chromatography fractions from ethyl acetate fraction of

Lespedeza bicolor leaf (ug/mL)
Fractions EC,,
LBFR 1 6.74+0.03¢
LBFR 2 11.56+0.53¢
LBFR 3 13.28+0.43¢
LBFR 4 21.97+1.21°
LBFR 5 17.720.75°

Data are expressed as mean+SD of triplicate experiments.
*‘Means in the same column with different superscripts are
significantly different (»p<0.05).
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Fig. 4. Chemical structure of compound 1 (eriodictyol).
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Fig. 5. HPLC chromatogram of Lespedeza bicolor leaf extracts.

Table 7. DPPH and ABTS radical scavenging activity of
compound 1 isolated from Lespedeza bicolor leaf extract

DPPH radical scavenging ABTS radical scavenging

activity activity
(ECy,, mg/ mL)" (TEAC value) "
Compound 1 5.98+0.14 0.7881
1 & 4 Ak

Compound 1: HR-EI-MS m/z: 288.0641 (caled. for C,;H,,0,
288.0634), '"H NMR (600 MHz, CD,OD): § 2.66 (I1H, dd, J=
174, 3.0), 3.03(1H, dd, J=169 , 12.9), 524(1H, dd, J=12.7,
2.7), 587 (1H, d, J=1.8), 588 (1H, d, J=1.9), 6.77 (2H, s),
691 (1H, s). "C NMR (CD;OD): & 442 (C-3), 80.6 (C-2),
96.3 (C-8), 97.2 (C-6), 103.5 (C-10), 114.8 (C-2), 1164 (C-5,
1194 (C-6), 1319 (C-1'), 146.6 (C-3'), 1469 (C4'), 1649 (C-
9), 165.5 (C-5), 168.4 (C-7), 197.9 (C-4).
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