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Abstract

The free radical scavenging activities of extracts from Ligustrum ovalifolium H. leaves (LOH) as well as vari—
ous antioxidant activities such as ferric reducing antioxidant power (FRAP), 2,2’ -azino-bis-(3-ethylbenzothia-
zoline-6-sulfonic acid) (ABTS) radical scavenging activity, reducing power and lipid peroxidation inhibition
were evaluated by electron spin resonance (ESR). The total polyphenol and flavonoid contents of the water
and ethanolic extracts from LOH were 105.5+1.31 and 102.1+1.82 mg gallic acid equivalent/g extract, re-
spectively, and 84+1.72 and 82.8+1.65 mg catechin equivalent/g extract. In addition, ICso values for the 1,1-di-
phenyl-2-picryldrazyl (DPPH), alkyl, and hydroxyl radical scavenging activities of the water and ethanolic ex-
tracts were 0.021+0.002 and 0.010£0.003 mg/mL, 0.011+0.003 and 0.012£0.002 mg/mL, and 0.395+0.002 and
0.443+0.002 mg/mL, respectively. The ABTS radical scavenging activities of the water and ethanolic extracts
from LOH and BHT were 0.073%+0.12, 0.130£0.06 and 1.461+0.02 mM Trolox equivalent/mg extract, respec—
tively. The FRAP values of the extracts from LOH were higher than those of BHT, which was used as a positive
control. The LOH extracts showed strong inhibitory effects on lipid peroxidation as measured by ferric thio-
cyanate (FTC) and thiobarbituric acid (TBA) assay compared to that of a-tocopherol. Using MTT assay on
human liver cells (Chang), extracts from LOH showed no toxicity at a concentration of 0.5 mg/mL. These results
indicate that the LOH extracts possessed antioxidant activity.
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A G FAFYF] Q2 vmrt o £ 453 (H
Hebp) ol o)1 6l Attt 119 A He
Aoz ooyt Fadd dFo|t) HI7HA o YFFUF
o] AFEHe GFHEUE Lo A acrylated triterpenoids
B 9} ZA}o)| A ursolic acid®} oleanolic acid #3 A=Y
B YGHATURY FEES o] 83 dF= Wie vES 24
olt®). WA £ AFolM s FHAFTUFY FEE9 =g
gz 2A5E 53 F 2 x

liver, Chang cells)& ©]&3F 54 H71E 3t 7154 &A

AEE A% 7|2ARE ARSstaA} d.
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Ciocalteu’s reagent, ferrous chloride(FeCly), 1,1-diphenyl—-
2-picrylhydrazyl(DPPH), 2,2’ -azino-bis(3-ethylbenzothia—
zoline-6-sulfonic acid)(ABTS), potassium persulfate, 2,4,
6-tripyridyl-S-triazine(TPTZ), linoleic acid, (4-pyridyl-
1-oxide)-N-tert-butylnitrone(4-POBN)< Sigma Chemical
Co.(St. Louis, MO, USA)ol A G+t ARg38tlem, 1
Qo] AFE-H A 5F 9 dFS TYste AMEs AT
AZol AHEE AR FE2& A% Sl BT oEES AHE-

[e] =i

2

=
tlo rlo

=9 500 m
th FEE2 72 (No. 41, Whatman, Maidstone, England)
2 AAYEE A A3 F rotary vacuum evaporator(EYELA,
Tokyo, Japan)Z #5331 T Z2AX 3T gt 52
FHAFTYUREA A2 B2 A7 20 goll lehe 200 mLE H7}
shed Aol A 120 rpme] NG 7IE 24A17H¥ 33] FE¢

= ECjd= &z =3
F Z £ Folin-Denis®H (9)& k7 W ¥ 3o,
FZE 1.0 mLo] 1.0 N Folin-Ciocalteau A1 % 20%

0 mLA 2|2 74 b3 A-2oA 30

25 A (SECOMAM, Ales, France)E o] &

3te] 700 nmol A FFE=E ZA 3t Gallic acid(Sigma

Chemical Co.)Z 0~200 pg/mLe] FE& A|Z35te] A5 9}

gt o Z A3l 4L RFE HFHLZHE A8

o] & ¥E S 23N AL gallic acid equivalents
mg GAE/g extract)® YEMAATH

o ol
e
il
lo

—~

4

= E2tEL0|= 3 =3

F YR EolE T Jia 51009 HHol| et FEE
05 mLell 10% aluminum nitrate 0.1 mL ¥ 1.0 M potassium
acetate 0.1 mL, ethanol 4.3 mLE X}dl &2 7}3sto] £33l

o] itz &4 1643

At} Catechin(Sigma Chemical Co.)S EFE A2 &}
1 mg/mLe 5% WA AR qF AFHoZHE S+
259 F ZPRxE FHS AT

Electron spin  resonance(ESRIE 0|8t DPPH ZiC|
4 s &8

gz 7% 4L Lee T(1D)9] ol whet wlgkEol
234171 60 UM DPPH 60 L& 52 FH|8 A2 60
ULE 42 F 1027F 728l mytste] 283 Ao X WX
3 & capillary tubedl] %7 ESR spectrometer(Jeol Co.
Ltd.,, Tokyo, Japan)elA ZA3tgen, 1 =28 2L
central field: 3475 G, modulation frequency: 100 kHz, mod-
ulation amplitude: 2 G, microwave power: 5 mW, gain:
6.3x 10°, temperature: 298 Kt}

ESRZ 0|83t akyl 2lE|Z &7is &5

10 pL¢] PBS, 10 uLe =¥ A]H, 10 pL9 40 mM
AAPH, 10 uyL<] 40 mM 4-POBN< A Z2 #7718t 10x%
7t 7k A mwkgk & 37°C a2 g A 303 §EA1
t}-S, capillary tube® 27 ESR spectrometer alkyl 2}t]
Z TS ZHNAY ojW) FH =L central field:
3475 G, modulation frequency: 100 kHz, modulation ampli—
tude: 2 G, microwave power: 10 mW, gain: 6.3 X 105, tem-
perature: 298 Kt}

ESRE 0|&¢t hydoxyl 2IE|Z 25 &X

T2 AR 02 mLel 0.3 M2l DMPO(5,5-dimethyl-1-
pyrroline N-oxide) 0.2 mL, 10 mM<] FeSO4 0.2 mL 2 10
mMe] H:0; 02 mLE A2 H7Feh -, 1023 A o
B3k ok WS E3E-S capillary tubeE 7] ESR spec-
trometerol| A hydroxyl 2}tz A ZFS SA AT ol
=74 Z7AL central field: 3475 G, modulation frequency:
100 kHz, modulation amplitude: 2 G, microwave power:
1 mW, gain: 6.3x10°, 2%: 208 KSt}.

ABTS EiC|ZE o|8st & Fitstd £F

ABTS gt Zs o]-&3 34ksl59 =342 potassium
persulfate$}e] ¥H-g-ol 93] AAJE ABTS f-8 gtvzo] +
EE U9 ksl B o3 AAE ] gFd S A9l
HEA o] gMEE RS o] &3 WHOE Park® Kim(12)
o] ¥yl wel 7 mM ABTS &9l potassium persulfate
£ 24 mMe] HEE &3A17] s gAA 12~16A13F
=0t HFS A AT o] E 414 nmi A TF =7} 157 HES
FHIFE 24T F 30 mLE At FEEF 1.0 mLE 7138t

o

of Ao 1087F WH-AIA 414 nmollA FH=E =43}
Aot A3 += Troloxs EFEZ 2 3+ mM Trolox equiv-
alent/mg extract= YER AT}
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Ferric reducing  antioxidant power(FRAPE 0|23t
= SiMElE =X
FRAP =4 -& Benzie®} Strain(13)2] W& A28t

= 300 mM acetate buffer(pH 3.6), 40 mM HClol] &3} 3k
10 mM TPTZ % 20 mM FeCls - 6H, 05 ZH2} 10:1:1(v/v/v)
o] H| &2 E§3}e] FRAP A|oFS A &3 Th olojx 1E
i FirEe] 1~5mg FEE 343 A8 015 mL¥ 3.0
mL2] FRAP A2k &35} 37°Coll A 587 vEgAIZ1 &
593 nmell A FFEE SHs9 Y. A3 = FeSO, - TH.OE
EFEHEZ 3 mM FeSOy eq./mg extract® FEA| 31T

2 4L Seo 5(14)2] W
o Wt & 3—3}93\31:% A8 10 mLoﬂ pH 662} 200 mM $14+
1%9] potassmm ferricyanideE 7+ 1.0 mL% 2}

WHHEE & 50°Ce] FeFzol A 2087t WA
t}. o719l 15% trichloroacetic acid(TCA) 98 1.0 mL
7Fska 12,000 rpmell Al 15%-3F A8 3t 42 F5d
10 mLoﬂ Z54 2 ferric chloride ZF 1.0 mLE 7}8le] £

% 700 mmolA FHFE=E SR

2
1)

A& npprsl oAxz 5H

Ferric thiocyanate(FTC) ¥ o] &% X A3
A&A &3A: Ferric thiocyanateol] &3 x| A #rksl =4
Kikuzaki®} Nakatani(15)¢] WHol| 93] 4394, F
= 4.0 mL, 251% linoleic acid 4.1 mL, 50 mM 14+ &%
M (pH 7.0) 80 mL, TF3 39 mLE H7lste] &9&
Ee T 40°C o] T HolA F2Ag o] JibstE =
AT o] EFE9d 0.1 mL, 75% ethanol 9.7 mL, 30%-am-
monium thiocyanate 0.1 mLE A HZ 713 & 2 49
Ft}h o 7]9 20 mM ferrous chloride(3.5% HClol| =<1
Z)E 01 mL 713k & & Ao =5 g F F53] 3% T
UV-VIS Spectrophotometerg o] 83}l 500 nmoll A W3}

B

H FREE SA5AT 24 dxadoze s g £
NS AlL3e] WHS A AL, A HEZT O 2 vitamin
C ¥ a-tocopherols AF&3}43th.

Thiobarbituric acid(TBA) ¥ dl 9% A d=}its}
AAFA ZH: FEE 40 mLol 251% linoleic acid 4.1
mL, 50 mM 14+ £5-8-H(pH 7.0) 80 mL, T/ 39 mLE
A7Vete] §8S 2 B F 40°C o F& 2ol & A
sl 4 7HE o AetHch WA Zk A58 1.0 mL,
20% TCA 2.0 mL, 0.67% TBA 2.0 mLE 7}3le] &3 &

‘?‘__

=Q
NS
=
=
=
=

gdezdA 1087 71E AHEste 2= & WAzl
5°C 3,000 rpmoll A 2087F QAR I FEHE 532

nmol X =33 TBA#S SHs Ak

M| HH
A4 7Y Z(human liver cells, Chang) & E84 33} fe-
tal bovine serum(FBS) 10%%} 1.0% penicillin-streptomy -

[e] .
<

cin®] #7}¥ Dulbecco’s modified eagle medium(DMEM)
Hj e A 37°C & 5% CO, =73}l A vl &3t T

A-”;\E E/\‘I EX'I

A E o] AEEL 3-(4,5-dimethylthiazole-2-y1)-2,5-di—
phenyl-tetrazolium bromide(MTT) 2 W& o]-8-3}4]
=439 tH16). Chang AMES 24-well platesell 7x10°
cells/mL =2 1.0 mL¥ B33 F 24A13F 52t vl kst
T, 4 ARE AF Fx(0, 001, 0.05, 0.1, 0.2, 0.5, 1.0 mg/
mL)7} HEE AZd HJste] 24417t Ft sl g3k o]
F MTT &4(5.0 mg/mL)& 7}star 37°Coll A 4X13F H Hj
st MTTE #8941 A WA H formazano] iAol "o
AU7HA] R 8 wiA & 24 2HA AASA T DMSOS

200 UL B33t 208 SoF £33 & 540 nmol| A TR =2
SAsAh
SHEN

ZF # 7] FoAl o A= Window-8 SPSS 12.0 ver—
sionS ©]83Fa] Student rtest @ ANOVA Ho g 73}
o] pgke] 0.05 FTHS Fo3t Aoz FHFs AT

%ol F ZHvs FEH F FHE o= RS FANSHA
gatsl LA ZA Y B8 7S AASAY. FFAFTUE
Ao derg 9 E FEEY F v FEH T FHR
Lol ks B A3 Aule= Table 13 2o} & Z8] 5

gteke B FZ50] 1055+1.31 mg GAE eq/g extract® 9l
& 25 1021+1.82 mg GAE eq/g extract® Tt} E9ko
W, & ZEtHrolE g L3 B FEF0] 84+1.72 mg CE

eq./g extract® &S FEE 82.8+1.65 mg CE eq./g ex-
tract2th =94tk Kim 5(17)2 &5, 22, 2H# 5 2049
T FEAE] F EYHE %L%L‘ Busigon, & E&
HE g#F 26(3%)~81.2 mg GAE eq./g extract(S %)

Table 1. Extraction yields, total polyphenol and total fla-
vonoid contents of LOH extracts

Extraction Total polyphenol Total flavonoid
Solvent yields (mg GAE/g (mg CE/g

(% w/w) extract) extract)
Water 39.73 1055+1.31" 84.0£1.72
Ethanol 14.99 102.1£1.82 82.8+1.65

GAE: gallic acid equivalents, CE: catechin equivalents.
Dyalues represent means+SD (1=3).
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Table 2. DPPH, alkyl and hydroxyl radical scavenging activity of the LOH extracts measured by an ESR spectrophotometer

DPPH radical scavenging

Alkyl radical scavenging

Hydroxyl radical scavenging

Extract activity (ICsp mg/mL) activity (ICsy mg/mL) activity (ICsp mg/mL)
Water 0.021+0.002" 0.011£0.003 0.395+0.002
Ethanol 0.010+0.003 0.012+0.002 0.443+0.002
Vitamin C 0.003+0.001 0.0110.003 0.021+0.002

YValues represent means+SD (7=3).

ESRE o|&sl 2oz &7 &4

DPPH+= Hztaeo] vlu 3 o+ 3k z}
g HASERY s 22E A
o] o] &H 1 vt FFAFTUFA F
A AL s vt ST, & FEET o
& FEFEL 10 mg/mLe FENA 27} 90.65%, 90.56%<]
DPPH 2}tz &AE4-S YeER Atk Table 294 2] 50%
g% 2A% F5Q0 G 2 & FEET e F2F
Z+Z} 0.021 £0.002 mg/mL, 0.010%£0.003 mg/mL=Z ©
AUz vlErY C(0.003+£0.001 mg/mL)XE =
< 848 EEAR, TR des —zr%%-/] ICs
153.8+£0.49 ng/mL<Q A3} vlws) » GFHE T —ir%%
o] DPPH )z &A &/do] €A ig%
FHTIFA FEEY akyl SAHZ 2ATLE & FF
739 ICs @kel 0.011%+0.003 mg/mL, ol g+
o+ 0.012+0.002 mg/mLE o gL
27Tl 58 A2 e des gl
Oz 2ATS dduxTd BIE CoF 22 1Cs5(0.011
0.003 mg/mL) @<= JEPH o, o] A
A FikebA o vzt ikl aRE 7
"ot

Hydroxyl 2}tjZre] 3 AxE= Table 29 o] 4HE
UEol & FEEL ICs at©] 0.395+0.002 mg/mLE ol
B8 F5E(0443+0.002 mg/mL)XE ot § &2 hydroxyl 2+
gz 24 245 Bou, iz HERD C(0.021+0.002
mg/mL) BT 22 hydroxyl ol &7 A4S e
At o]de] daw FHEFUFA FEE =& DPPH,
alkyl & hydroxyl &tHZ &A1 &4 Ygugler, 53]
alkyl 2tz &7 4L HA ISA R AMRH I e
HIEFR] Co} Hlszet 84S ‘/}E‘rlﬁ‘ﬂ ﬁf‘“}ﬁhﬂi AR-8-0]
Ved Aow Aoty
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AN
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ABTS 2iC|ZE o|&st =
Table 3 FFEF T ] F=8vo ©& ABTS 2]
A3t Atolth, AFEAZ TroloxE A5}

2 TEAC(mM Trolox eq./mg extract) e
2 Yok GFAFUFY Y E FEEY dEE F

O
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Table 3. ABTS radical scavenging and FRAP activity of
LOH extracts

TEAC (mM Trolox FRAP (mM FeSO,

Sample eq./mg extract) eq./mg extract)
Water 0.073+0.12" 1.393+0.05
Ethanol 0.130+0.06 1.25240.19
BHT 1.461+0.02 1.284+0.16

TEAC: Trolox equivalent antioxidant capacity, FRAP: ferric
reducing antioxidant power.
DValues represent means+SD (n=3).

2} 0.073+0.12, 0.130+0.06 7t2 JEFASL
B +0.02 & JeER QT Ok/H\:Hz:,Loi
= HTQ]— H] jﬂs}oq e A4S nygor) AT
AR FE dEH O ABTS &tz £7%0 urEM_uq
(data now shown), £3] & F&E3} Ja 358 2%
50 mg/mLe] A 5¢] FEoA 77+ 51.10%, 50.01%°]
ABTS gtz 24 242 Uehlglch Kim 5199 4ol
%9l ABTS £74%°] 1 mg/mLY FEoA 7.0%2 A=
Hlas] FFHFUYFAS] dgE FE2=9] ABTS #H2 &
A5 1425% 2 £0]|ZRT F 9 o)A =& Ho = e
st

FRAPS 0|8%t & &hitata

FRAPH& AT 58S 53 A3 48 A=
W F SR = ASAE 288l Fe' b d4taa) o}
S Bof AAE Fe'e FREES B AFT F e
Hog B A= dits S48 S35 Al AHE
stttk 1 A FFFUYFA] B FEEC] A8 FEE
Hoh 2 3745 BS ®rk ofye} 4 dixwQl BHT
o =& 84S YJeER)ATHTable 3). 3+, Santas 5(20)
2 E2 s e 2 g Bl Jun B}
Fed, FAFUFY F25 £33 F 2o E g3y F
EgtH o= ghFo] =9kv] wiiel datsl E4 g ¢
3 A7t Yehd ez saEn

st

dutz o g o2 EZ U3 Fdsgo] =S4 It
3l Aol & o F Hrista Jom, mepa E AT
AMe A8 s S35t Fatst A4S HPste SR
o] &3ATH2D). FHFUIFA FEE] Fe'' S Fe’' 2 3¢
A7l $98S A3 3= Fig. 13 29 4FAT YR
A FEEY Frt S wet Sdge] Futkste A3
< BHYor, 53] % 1.0 mg/mLolA & FEEL 1156,
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Fig. 1. Reducing power of water and ethanolic extracts from
LOH at various concentrations.

£ 12439 FB= g5 vehdo] 28 &

A ZF<Q BHTS] 09398 T & 84S Yehdo

A EHOatst AX| 2

FHFUYR Y FEEL Whste] FTCSE TBA W o=
A A} A G SA ¢ A= Fig 2¢] JeER AT
FATUR Y FETL WA @ dxTlNE AR

o Al wel HarEA Aol AT FREA A

= F7hre 62
2| —eControl *
—-Water
1 —— Ethanol
—A— Vitamin C
0.8 =X~ a-Tocopherol
0.6
04
X
0.2
0 %/l— —& —a——————A
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Incubation period (days)
0457 _e—Control (B)
04 —— Water
—&— Ethanol
0.35 —&— Vitamin C
—X~-a-Tocopherol
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0.05 X 28 — R
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Fig. 2. Antioxidant activities of LOH extracts at 1.0 mg/mL
in linoleic acid autooxidation system measured by the ferric
thiocyanate method (A) and the thiobarbituric acid method
(B).

100 - B Water Ethanol

0.01 0.05 0.1 0.2 05 1
Concentration (mg/mL)

Fig. 3. Effect of LOH extracts on cytotoxicity in Chang cells.
LOH extracts were treated with various concentrations in Chang
cells for 24 hr. Values are expressed as the mean+SD of determi—
nations made in triplicate experiments. ‘p<0.05, “'p<0.01.

A et 28y SFATURY ] & FE2EH 4
Be FEES AU HEs & o FTCS TBA WY 25
AR 7HA] A dHikslrt dojuhA] ekt Ed FAd =T
o2 AMg3 HA f‘f‘**i}xﬂcﬂ HEM C, - EZH S KT} 5
ot N AFE Al E5S YER AT wEkA SFH T
T FEES o sl AUt 52 HA Ao
o]go] 7t Aoz HAdH

=4 got

A2} 7EA E(human liver, Chang cells)l] ™3+ 3%}
T FEEY AMESFS dolir] $5t MTT assay s
Tt SFHAFTUYEA FEES FEEE AHs 2
5 FEEY JEE FEE 5 05 mg/mL §5 o]}l A]
€ AIEAA M3 F5Ado] YeERA] okthFig. 3). wEhA
g5 GFHEURAL HA Fs Az Y e Adol &
Ao wednt

o) (Ligustrum ovalitolium H.) 3
ksl 248 gastaA B ogsE 747 FE3
2 HF EY0sd F FER0
At A3, & FEE(1055+1.31 mg GAE/g
102.

s =
extract) ¥ &L FE5E(102.1+1.82 mg GAE/g extract)
& ¥k F Z2PdE RS sl ey, F 28
Hiolt & w3l & FEE(84+1.72 mg CE/g extract)

3} o g2 —%—%%(82.8i1.65 mg CE/g extract)e] HI$=3F
o]gd oz AAsSe =3

1%
Ho
ol
Lon
fd
s/
32
_u
(D
m (o]

WA 538 alkyl Ase HEE Col g B
e ATk, ABTSE o] 4@ 2t 2784, FRAPS of
$3 3PS 24 % BUYS 5T U BHS 24
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59 Az 4Eee 2

HE 29 & &5 4 g FE5 ZF 05 mg/mLY
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Higo 2 to 2 JFHT YRS o] &3 A FiksiA =
9] 7hsAdel gk 7180 Ay Be e Aoz e
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