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ABSTRACT

Reactive oxygen species (ROS) are highly reactive molecules due to their unpaired
electron., They have been suspected as one of the major tissue damage inducers in
biological metabolic systems. Antioxidant enzymes, such as catalase and superoxide
dismutase, could not repair all the oxidative damages resulting from those excessive toxic
ROS. It is, therefore, urgent to develop effective antioxidants to relieve from the oxida-
tive damages. In this study antioxidative effects were investigated by using two flavonoids
such as quercetin and naringenin and a flavonoid-rich extract, Ginkgo biloba extract in
combination with paraquat that is known as a strong generator of oxygen radicals.

The results are summeringed as follows:

1. To assess radical scavenging ability reduction concentrations (ICsx) of 1,1-diphenyl-2-
picrylhydrazine (DPPH) within 15 minutes were measured. The values of the IC50 of
quercetin and Ginkgo biloba extract were 15.4pM and 13,2ug/ml, respectively, Their
radical removing activities showed concentration-dependent manners.

2. In the hydrogen peroxide assay by using PMS-NADH system, quercetin, naringenin
and Ginkgo biloba extract led to removing hydrogen peroxide in concentration-
dependent manner whose removing abilities at 100puM or 100 ug/ml were 75.6, 25.8
and 26.0%, respectively.

3. In the hydrogen peroxide-induced rat blood hemolysis assay all three compounds led
to similar effects whose hemolysis inhibition ratios at 100 uM or 100 pug/ml were 68.0,
5.14 and 55.8%, respectively,

4, In the xanthinee oxidase assay by measuring degree of NADH oxidation in the
presence of hypoxanthine and xanthinee oxidase, both quercetin and Ginkgo biloba
extract showed excellent activities showing 42.8 and 24.2% inhibiting xanthine oxidase
activity at 100pM or 100pg/ml concentrations, respectively,
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In the mouse liver microsomal NADPH-dependent cytochrome p450 reductase assay,
paraquat consumed NADPH in a dose-dependent manner from 0 to 1mM paraquat
naringenin or Ginkgo biloba extract added to this

concentrations. When quercetin,

system, they blocked NADPH consumption rates at a concentration-dependent man-
ner whose inhibition ratios of cytochrome p450 reductase at 100uM or 100 ug/ml were
63.1, 52.2 and 52.2%,

treatment,

repectively when compared with those of the 1mM paraquat

. Lactate dehydrogenase (LDH) is frequently used as a membrane toxicity indicator,

When paraquat added to the macrophage RAW 264.7 cell live, LDH concentration
was increased from 162.4 to 290 3 unit/L. When various concentration of quercetin,
naringenin or Ginkgo biloba extract were added to the culture system in the presence
of 1mM paraquat, they decreased LDH concentration-dependent manner,
182.5, 182.1 and 212.3unit/l of LDH at 100uM or 100ug/ml teratment,

However,

showing
repectively.
in this case, only quercetin and Ginkgo biobla extract increased macro-
phage viability from 35.5 to 38.0 and 39.7"w at the concentration of 100uM or 75

ug/ml when measured MTT assay within 24hr, respectively.

From these results flavonoids of quercetin, naringenin and Ginkgo biloba extract exerted

No. 3~14

their antioxidant effects by removing oxygen radicals

enzymes. As a general, naringenin,

by blocking oxygen generating

quercetin and Ginkgo biloba extract showed the useful

compounds for scavenger and antioxidant on paraquat induced toxicity.
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1. A8 A=

1) gja 5'2 u| AI’-‘Y 32}7:1

AYFELE AFEtdA SAAFLA &
oF whe FE 200~300ge] Wistard 33, AF
25~ ’30g9] %71 ICRA »h-2% A8, Al¥
717} F 2xE 21~25°C, XX 40~70%, 124]
F 2859 AMSIEE Al e AR §R
= Aol AHAIA.

2) AMB H Al

Naringenin®} quercetin® Sigma Chemical
CO. (St. Louis, MO, USA)=RE T3 Fou
Ginkgo biloba ext. (£33 F28)= A7 ol
M fw 2FEE A Wt 1,1-Diphenyl-2-
picrylhydrazine (DPPH),
fate (PMS),
(NADH), nicotinamide daenine dinucleotide
phosphate (NADPH),
oxidase (XOD),
saline, Dulbecco’'s modified FEagle’'s medium
(DMEM),
peroxde,

phenazine methosul-
nicotinamide adenine dinucleotide
hypoxanthine, xanthine
Dulbecco's phosphate buffer

lipopolysaccaride (LPS), horseradish

alloxan monohydrate, o-phthaldial-
dehyde, egg white albumin (EWA),
heparine, dimethy sulfoxide (DMSO),
dehydrogenase (LDH),
(2-hydroxyethyl)-1-piperazine ethanesulfonic
acid (HEPES) buffer, tryphan blue, lactate
dehydrogenase (LDH) assay kit, 3-(4,5-dime-
thylthiazzol-2-y1)-2, 5-diphenyltetrazolium
bromide (MTT)% dimethyl formaldehyde
(DMF)+= Sigma Chemical Co. (St. Louis, MO,
UsA)z4g sl

2. A3 Uy

1) 1,1-Diphenyl-2-picrythydrazine(DPPH) radical
o HHs &3
DPPHS] =gk &9 (1,5x107* M) 0.95 mle]
DMSOdl dAxzz 427l Alg & 0.05ml
£ 7slar A AEksle] Ago)A 1587 )
A& F ez A3l HYF 5mle HE F

sodium
lactate
4-aminoantipyrine, 4-
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520 nmol A F3 = FFagE FAHsA. 1Ck (50
% scavenging concentration of DPPH radical,
um)¥E DPPHE #F2# (%) % FAl¥ DPPH
F (100%) ol A 73}l

2) PMS-NADHH|O|AM &=l H,0, =X

Minotti %‘15)9»] HJ"QE '5‘—%-'5]'04 H.0.& &# 3}
Aek. 0.1mM <A 43 A (pH 7.5)¢
7.5mM NADH 48 0.2ml, AAS$ 1.2ml,
Al DMSO4& 30ul % 1.6 mM phenazine
methosulfate (PMS) =4 0.1 mlE 7}3ted 7l
B &§3 & 37°CelA 1027} incubationd}
o, ogol 20mM EDTA 0.2ml, 50mM phenol
4% 0.3ml, 10mM, 4-aminoantipyrine =8
] 0.3ml ¥ 40 units/ml horseradish peroxida-
se $&N8 0.2mlE 7}3ted REFEE ol 505 nmol
A EF3=g FAsch He2 H0, 598 A}
43t AFAE A3 H0.9 & Fshge

3) HO: R 88 =3

Otomo 92} 7Nkl osf &3t A
o] AYPTF(2x10%cell)E &-83 Dulbeccod] <¢lAl
% Q22194 (Dulbecco’ PBS, pH 7.2), 146
mM H,0,, DMFe]| £33 Alg4d (DMFY 3
F FE 0.2%)% TFE w5 2mlE 37°Cell A
A8 3083t incubationAlZ] g WlE FollA
Heg A AL 1,700 X goll A 3087 QA
g]3led 540 nmol| A AN FHx g A5,

4) Hypoxanthine-Xanthine Oxidase |0 A
Xanthine Oxidase % Superoxide Anion £X

Oyanagui §'72] 7Nkl ojs] ZAslct. &
A4 9hgNe 125mM sodium phosphate buffer
(pH 6.5), DMF (dimethyl formaldehyde)e] &
g A8gd, 0.08mM EDTA, 201U/ml lac-
tate dehydrogenage, 0.32mM NADH, 40uM
hypoxanthine, 0.05[IU/ml xanthine oxidaseZ
Z3E A 3mlE AHERd. HA 9 AR 0,32
mM NADHE #7}8led 37°CellA 1087t 340 nm
4 NADH®| &%= Z4g A3,

5) NADPH 2|ZAd Cytochrome p450 reductase?|
=x
ICRA mh$-

2F Jddz u3AZ & 0.15M
KClz 74 #Hen

EEHAA A 2 2

Vol. 13, No. 3~4

gte] d& 79| microsomed 0.15M KCloj J&
eteled Abgslgoh, wlAgEe Lowrydel 23
23}t 1 mg protein/ml microsome 1.0 ml
o] 50 mM Tris-HCl $39 (pH 7.5) 0.4 ml,
50 mM paraquat £ 30ul, Alz28&N z+zt 30l
£ 7hl AeEE Fol 37°CollM 1087 incu-
bation3}le}, “&el 5mM NADH £ 0.1ml
£ 7heta Agsle] HEF 3mle 243 og 340
nmel M8 FFwE 18nid 1083 A skgi)
Hxolle FUT AFHE AH43gct. NADPHY
FAERA S (6.2x10° M lem™ D E o] 48l Z3}
T2RE NADPH <& AbEsly &4 &g
+ T4 o ks

EAA g () =2C

X 100
1

Ci @ A8E H71etA & 9o NACPH Amlg
C. : A% #H7}& We] NADPH 4n|%

6) BHsiCt xtRo| AN

A% 23~33g2 ICRA vh9-28 AHESIgE &
EE52 alloxan Fof 3~4A17F ARE AAE A7)
% alloxan (50 mg/kg) 0.2ml& mz] ANL =3}
of FAYc}t A i%i]ﬁg A& 20 DMS09 A
2|49 el 39l & alloxan 5o 24417} & hexo-
kinase®el 2l8| &4 3t}

7) MZ =4 EH

(1) Lactate dehydrogenase (LDH)2| =X

Paraquat® X8t RAW 264.7 thAlq 2] A
E9 integrityell W3 Alge] ofdke Hrislr] 9
3l LDH #2] AxE 235, dAME 2x10°
NE 24 well plated] 24]7F S¢F A7 &
paraquat$} o8] Fxo A58 X s} 37°C,
5% CO. oA 24A17F %<t inclubationAlZ] 3
wjoFel o] f2)l¥ LDHY okg 2As)9c),

(2) A Mz MEE =Y

O AZ : RAW 264,7 cell& 10% FBS, 100
U/ml #JA=, 0.1% AE#Xnlolle] Hrw
DMEMej| A} Al thel 9FA] 7] 31X 10° cells/ml=
96-well plateol] EF38F o} 2417} E9F R2A|H
o}, AlZE 37°C, 5% CO. Fo)A) wekgch,

2 A2l &g &4 0 MTT (3-(4,5-
thylthiazol-2-yl)-2 5-diphenyltetrazolium

dime-
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bromide) #HAP®e} o3 FA3A=. FHL
590 mmoll Al ELISA readerz &Afow MTT
9] A= HrAge el WEEe HAFY
=3

dn 9 o#
1. DPPH radical H# &=t

Ginkgo biloba ext. @ flavonoids”} radical
scavenger@A] &7} 9lEA EHE A7) $)
3] eFA & DPPH radical#| ¢l DPPHe izl A7)
o A& E3dE Al 2 DPPHS 50% ZHad
(1G9 &3 272 Jehisich (Table 1). # Al
% Az} DPPH radicaldl w3} Ginkgo biloba
ext.* 13.2pg/ml, quercetin® 15.4 M2 ¥ %=
o| Al 50% reaical A2A &S el 2} narin-
geninel M= &3E JellA ¢ostel. Ginkgo
biloba ext. % quercetin®] o2& &I}E= 2w 9
79l A& Jdep Ao (Table 1).

Table 1. Radical scavenging effects of Ginkgo bilo-
ba ext. and flavonoids on DPPH radical

Samples ICs®
Quercetin 15.4£2.9 (uM)
Naringenin —b

Ginkgo biloba ext. 13.2+2.5 (ug/ml)

a) Concentration required for 50% reduction of DPPH
after 15min. The mixture contained DPPH meth-
anolic solution and samples dissolved in DMSQO.
After 15min, the absorbance of mixture was mea-
sured at 580 nm.

b) inactived

2. PMS-NADHA| H,0.2| YMARI%E L &4t
st &0

HoOpoll o8t &7 #8-& AsR7] 43 PMS-
NADH AelAM wAHE H.0.8 HFT F,
Ginkgo biloba ext. ¥ flavonoidsE ¥3l&
H,0,8 A 287 At avel wiwsle 1
ZA#E Table 20 AAsIAS. H.O.0 3 A4
dA 24 g9 sz s3E AHE ZAI Ginkgo
biloba ext. %} quercetin ¥ naringenine 2% %
X 9&H o7 quercetin>Ginkgo biloba ext.=

Table 2. Antioxidative effects of Ginkgo biloba ext.
and flavonoids on production of H:0, in
PMSNADH system

Samples Conc. Inhibition (%)
Quercetin 2(uM) 4.6+5.0
10 48.6%+5.1
50 58.1%x4.5
100 75.6%6.8
Naringenin 2(uM) 8.2+2.4
10 12.7+3.5
50 17.9x2.6
100 25.8%5.2
200 56.2+14.9
Ginkgo biloba ext. 2(pug/ml) 0.5+2.2
10 11.0x3.5
50 16.8+4.5
100 26,0+£7.9
200 61.2+8.9

Reaction mixture contained PMS (1.6 mM), NADH
(7.5mM), simple in DMSO and phosphate butter (0.1
mM, pH 7.5) at 37°C for 10 min,

a) Mean+S.D., value (n=3).

naingenin £22 94 &3& el g ey Gink-
go biloba ext.¥ 185%+9.5 ug/ml, quercetin=
11.943.7 uMol A, naringenine 189+10.5 uM
°ﬂ 1"] Z‘}'ZJ' 1Cso & L}E}"H ﬂ‘:]' (Table 2).

H:0.& 7]¥} free radical®t 22 vl$ Asto
catalase, peroxidaseo] 2|3 Ha]fjol= 7+As}R]
deth AE FH o] dejud gl A= Ax
Well superoxide anione| ©haF AAJsle] EetA 3]
7] W & H.0.2 w3tddh, A" H.O0.x
superoxide anion3} HF-$3le Hl&Alo] & OH
radical& A&l M E2}2E lipid-peroxidations}
o &ARAjzie), o3 o]ue|A] Ginkgo biloba ext.
o] HuOpoll W3t A A, &7 9 3akst zhg-e
paraquat®| A Az $238 ©AE A Fida
Ala s},

3. 89 oH &=

Ginkgo biloba ext. % flavonoids®] 3413} 9
438 g 24§ H715t7] Sl free radicalel <]
g Al £ dEl JA] a3 E Algse] I A
£ Yep i} (Table 3).

Alae] H.0.9 H¥3 Hatslel 1o opE &
g 2hgof o 2HA 2A g = iz A"
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Table 3. Inhibitory effects of Ginkgo biloba ext.
and flavonoids on H.0,-induced hemolysis

Samples Conc. Inhibition (%)~
Quercetin 1(uM) 22.3+6.4
10 D2.0x2.6
100 68.0+4.6
Naringenin 1(uM) 23.1%5.7
10 41.7x5.3
100 51.4+4.3
1000 -8.9%£3.5
Ginkgo biloba ext. 1(pg/ml) 29.7+6.8
10 33.6x2.6
100 55.8+2.5
1000 -10.4x4.2

TOXICOL., Vol. 13, No. 3~4

Table 4. Inhibitory effects of Ginkgo biloba ext.
and flavonoids on the activity of xanthine

oxidase

Samples Conc. Inhibition (%)*

Quercetin 1(uM) 1.4+0.4

10 33.8+7.8

100 42.81+7.1

Naringenin 1(uM) 1.4+0.7

10 9.2+2.9

100 6.8+1.3

Ginkgo biloba ext. 1(pg/ml) 8.0%+1.7

10 19.3%+5.8

100 24,2427

1000 40,2+8.5

Erythrocytes were treated with samples at different
concentrations with H:0. (146 mM).

The percentage of inhibition was calculated from
total hemolysis by H.O.

(a) Mean*S.D., value (n=3)

of thst 3FAR3} 28-& 7 Es A3} Ginkgo biloba
ext.¥ 1~100ug/ml naringenin®} quercetin-
1~100 uM = WelelA = oJ&2Ae ais
veldgdel. 28y} Ginkgo biloba ext. 2} narin-
genin& 727+ 1000 ug/ml 2 1000 uM =& 7]3
0% o] £8E FAshe AL dehisind o
e exd o o|E AR A Mz ol
54 o Felztn A7Eic

4. Xanthine Oxidaseo|| c3l gAMo| 2fx &=

Hypoxanthine-xanthine oxidase#|e|* A]&2]
#7to) o2 xanthine oxidase A oA &3 =
superoxide anion®] A A zH8&-& v wdte] 1
ADRE JJeplgle (Table 4).

Xanthine oxidase (XOD)7} w73}t superoxide
anion Ao dsted Al82e] XOD A A =&
superoxide anionel ‘Hﬂ gAkst 598 HEd 4

7} Ginkgo biloba ext. = 1~1000pug/ml W quer-

cetin® 1~100uM9] 5 HYWolA 2474 2=
&2z oz XOD oA % superoxide anion®] AJ
Ao 2eg Jepfgle
W of8kg 2| Wt
Superoxide anion® &3 FALF 12|71 o
AN £ o} 9} 7 A E A gho] X E Y o
23 Mze] Mxu REHe)A superoxide anion
AABEe] et 9lg Eujdleh B A M E su-

22} naringenin<

Reaction mixture contained sodium phosphate buffer
(12smM, pH 6.5), EDTA (0.08 mM), LDH (201U/
ml) and NADH (0.32mM). Incubation was started by
the addition of NADH at 37°C. XOD (0,05[U/ml) and
hypoxanthine (0,04 mM) were mixed just piror to
NADH addition.

a) Mean=S.D., value (n=3).

peroxide anion®] FFHo 2 A xanthine oxidase
7} A5 e xanthine oxidasel:s #AALAEZE
of wi7f%l el Azt Fad e v},
Xanthine oxidase: Z§ F82 zzo Iy
FX8 Qe AARA Ba} AL Este A AAE
HbolA] hypoxanthine® xanthine 12|31 A
uric acid® A 3ZHA|7] T superoxide anion® 3¥H7
R RIS

Paraquat® 3F %l xanthine oxidaseZ%E A
A}g Hbolr} paraquat radicale] Heo] #A Al4Z
WA vRE Wi Bled MEabe] A A HAbs)
S st o] 712 xanthine oxidase?} ¥
]2kl 42k #AA #], 7helA paraquat %

A vepts dele] "o

5. NADPH 2|&4M cytochrome p450 reductase
o Msf &=t

NADPH 2]&4] cytochrome p450 reductaseel
et Alme] & &4 AMsel 2 kst et
gakdl &35 #HrEr] 98 ok A 74¢] micro-
someS A}8-3}ed paraquat®] NADPH 2| &A
cytochrome p450 reductasee] i3t o33k} Az
o] A A A8 HA=stn o AAE epRY
t} (Table 5).

ok Hz mlo
L < ofo
N
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Table 5. Inhibitory effects of Ginkgo biloba ext.
redutase in liver microsome

and flavonoids on NADPH dependent cytochrome p450

Consumption rate Inhibition of
Samples Conc. of NADPH Cyt p450
(nmol/min/mg protein) reductase (%)
control 0,88+0.10
PQ 0.1(uM) 1.224+0.09
0.5 1.62+0.11
1 2.55+0,07
Quercetin 10(pM) 1.34+0.08 47.5
50 1.271+0.10 50.2
100 0.94+0.09 63.1
Naringenin 10(puM) 1.97%0.08 22.7
50 1.50+0.11 41,2
100 1.224+0.09 52.2
Ginkgo biloba ext. 10(pg/ml) 2.56+0,12 —a)
50 1.94+0.07 23.9
100 1.224+0.08 52,2

The mixture containing liver microsomal protein (1 mg),

paraquat (1 mM) and NADPH (0,1mM) was incubated

in Tris-HCl butter (50 mM, pH 7.5) at 30°C for 10min and the absorbance was measured at 340 nm.

a) not inhibited

NADPH
redox cycle HAIE %3 superoxide anions A
Aste] Mzt Ao HAHE doA MEEALE
Z# 3= paraquat?] =4 7|He] RAs= &l
tt. NAPDH+¥ NAPDH 9 &4 cytochrome
p450 reductase?] #hgell 2jdle] AM|EHEZ ;A
FAE ubg A F 10¥72] NADPHE| &4 =
Al 340 nmel A FF=e} A H3HE FAHst 1
¥ ¢ NADPH 49|% (nmol/min/mg protein)
o2 AP A& 7|78k AF7HAl2) NADPH
Zeelfol] gk g ()2 ZA ST
some?] NADPH 2]&A cytochrome p450 re-
ductasedl| W3 paraquate] 3 HEI HAHY
paraquat AHA|7} ¥= ojEHez o] dF &
4e 277,

Paraquat®] o]el3t &4 A zhgol st Al
#¥ paraquat 1mM #7} A9 NADPH 4#jg
2.55 nmol/min/mg proteine] s = &AL
2 A 2H4-& Jeblisled Ginkgo biloba ext.
= 10~100ug ¥%olx 2.56~1.22 nmol/min/
mg protein®] A& 2H8-& ehgich. Quercetin
£ 10~100uM ¥=oA 1.34~0.94 nmol/min/
mg protein B naringeninS 10~ 100 uM %ol
4] 1,97~1.22nmol/min/mg protein®] 3| =&

8] &A] cytochrome p450 reductase:

7} micro-

& vepigieh B AdA A& A&7} para-
quat4 =A713 *&r"’i‘ EAE A3l Hleg Hol
A EA A 2 A 7PsAd € AlEstkaet.

6. 4B R Y o439 AH 2ot

Ginkgo biloba ext. ¥ flavonoids®l in vivo
st w3t iy ole dedoz frd Y
F Ao 3 A8 ZHE R3] 1 AHE
vebHdeH(Table 6). %ix&% Eojghd obE Al
o] At Fo AR FA Alagel os) A
B- A 7} _;].‘L]o} tg\:l- L_/E’:o] %5%;}_19_20,21)

AR AT, 24A17F AARE npose] me|AWo s
50 mg/kg® FoI® alloxane 24417 ¥ fo@qt

3 SFow G Al=AAU oA s Als
40 mg/kg® A& = alloxanel] 2T Y
> °°] LA = ) s L= ] S |
HAAA el HoxlE= 82412 mg/100 ml (I &4
744 48.’*]& Aagloed alloxang Fo43& 9
178 +15 mg/100 ml7}A) Absstael, g
paraquat® ©Eo2 Foigt ¥ Idor& A3
Azt Aol skl fo3A H3kA] w4k
g} ek} FAlol| FodEielE el %%’*& 58
& Fol Fun 22% Aesiede. dSAN para
quatel o1& olal ¥ A& 4ol date] NaF

rir é Cv.x.f o2

)

14 e
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Table 6. Inhibitory effects of Ginkgo biloba ext.
and flavonoids on blood glucose levels

Blood glucose

Samples (mg/looml)u)
Control 82412
ALX 1751 15*
ALX+PQ 228 +35*
Quercetin+ALX+PQ 104+ 12%
Naringenin+ALX+PQ 88+16*
Ginkgo biloba ext. +ALX+PQ 111+37*

Animals were pretreated with samples (p.o., 40 mg/
kg) 1 hr before alloxan (i.v., 50 mg/kg) administra-
tion, Control animals were treated with the saline
containing DMSO>

(a) Mean + S.D. value(n=5)

ALX : alloxan, PQ : paraquat

* Significantly different from the control at P<0.05

* Significantly different from the ALX4PQ group at
P<0.05

AL 9@, alloxan FeJ<ell H|3led narin-
gening Az 2d F& 88+16 mg/l100 mle =,
quercetin< 104+12 mg/100 ml&, Ginkgo bilo-
ba ext.¥ 111£37mg/100 ml2 FFHE 7144
Zc}t. AF}2¥¥E paraquati= xanthine oxidase”}
£33 Ao xanthine oxidaseZHE HAE
HbolEo] paraquat radicale] ¥ ¥ A AAE
A4 Hh3-& 7§ASh=H paraquat T502 3l
A F4 B4 FEEkA oA dsAkg @4 %
A3t E W= A4S Tl o8 "4 AbaFe] 7
A3 QA= AR p-Hzrt AR Pge] F
A8 sty Aoz Hald

o)¢s} #eo] alloxan®] WA F<k YA€ &
A AbaFel o FUEE n¥vel Hste Gink-
go biloba ext. ¥ flavonoids’} 8 Ar& oA
238 JeplE AL in vivoollA dEA13 para-
quatell o3 A ®H A ARRF] it 4A
2hg-3 ghabst a9 P A ol vebdd

7. Paraquatol| 2|3l cAME M Hzh §3)

Paraquatel] 93] =8 AZ SAle 93 Alg
o] A3 &dE =37 Y8 LDH & =9
MTTe 93t Az YJ2&S 233 1 dis
velfiglc} (Table 7, Table 8). LDHY: 4] 4
zo| Mzt 3 B4 FAo| X2 EF AN
o}, 2% webs Mg paraquat (1 mb)2t

Vol. 13, No. 3~4

WeFAZ & A2 RE 425 LDHE A= 5
Aol gz o)g3dldrt. 1 mM® paraquate] 24
AZE &A% S o LDH $2jsko] A Azrc
78.7% Z7}slgl o, paraquat®} AlRE A A
g Hze LDH el = ooz 74
stdet. MTT oz NEHEEE AT 4
F 12217kl A A xR o #3egddrt 24
Azl A= A A ERo EFo] Hasig
WA 27t G4 sk B4 AAE S A sl 1
4l WY g psA T BA AbAFe] YA
of A HH A Mz XALS A A H
=d|, paraquat AA|7} wiR|W e A A ALES
AAEE $ e redox cycled EXA)F| AL} B4
MEE BAAA g4 AlaZo] XS FH A
713 HE B3H8 FA1A17] ok Al7ke) A el A
A A" A AbnFo] NEntg FH s
LDH 8§ do7|y FI3Hoze A XS
7t e3= Hog FZ5c} Paraquat (1mM) ©HE
22F 1247 F<t AAMEE A 31A 7| x|t vt

Table 7. Inhibitory effects of Ginkgo biloba ext.
and flavonoids on the release of lactate
dehydrogenase from RAW 264.7 cells
cultrued with paraquat (1 mM)

Samples (uM) (LII‘IESZ)
Control 162.4%4.5
PQ 290.31+4.2*
Qercetin+PQ 12.5(pM) 282.7+17.3
25 239.7x12. 7
50 199,211, 4*
100 182, 1%14,6*
Ginkgo biloba ext. 25(pg/ml) 243.0+8.2
+PQ 50 222.8+5. 8
100 212,3£17.3*
200 209,3+13.5*

RAW 264.7 cells (1x10° cell/ml) in 2ml of DMEM
were incubated for 2 hr to allow cell adherence and
paraquat, and/or various concentrations of samples
were added to the cultures. Incubation was perform-
ed at 37°C under an incubator of 5% CO, and 95% O,
for 24h. Media were collected from the cultures and
assayed for lactate dehydrogenase (LDH) activity.
LDH release of control was 162,4+4,5.

(a) Mean+S.D. value (n=3)

* Significantly different from the control at P<0,05

* Significantly different from the PQ group at P<
0.05
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Table 8. Inhibitory effects of Ginkgo biloba ext. and flavonoids on the release of lactate dehydrogenase
from RAW 264.7 cells cultrued with paraquat (1 mM)

M HE 0,
Samples Conc, 12hr Viability (%) 12hr
Control 100 100
PQ 109.23+£2.77 83.17+1.55
LPS 101.23+4.14 87.33+2.33
PQ+LPS 82.57+3.87 35.52+1.55
Quercetin 10(uM) 92.33+2.49* 35.37+2.72
+PQ+LPS 50 96.65+4.99* 37.16%+1,55
100 101.23+3.31* 38.09+3.50
120 104.37+6.08* 38.13+3+11
Naringenin 10(uM) 86.05+2 21 28.56+1.99
+PQ+LPS 50 88.13+2.49 20,56+2, 31
75 88.29+5.52 39.72+7.33
125 92,74+6,35*
Ginkgo biloba ext. 25(pg/ml) 85,20+3.31 36.07%+4.33
+PQ+LPS 25 86.22+5.54 7.12+4.33
75 88.29+5,52 39.72+7.33
125 92.74+6, 35"

RAW 264, 7cells (1x10¢cell/ml) in 2ml of DMEM were incubated for 2hr to allow cell adherence and paraquat,
and/or various concentrations of samples were added to the cultures. Incubation was performed at 37°C under
an incubator of 5% CO. and 95% O, for 24h. The viability of the control was expressed as 100%.

(a) MeanxS.D. value (n=3)

* Significantly different from the PQ+LPS group at p<0.05

glg]o}e] W=44] lipopolysaccaride (LPS)$}l &
A wjekAFIE MEe] YJEES AN ETRG A
ge}h, LPSE ohfst zaoA 84 AbaEe 44
< wiAlsle) AR HAbsEE PAEH, 94 AZ
9} ¥kl H,0,, 0., HO, 0,% AT B
JEelA i, 24

oebr] 94| M E£E paraquat, LPSS} 37| wjef
g 1247kl A AtAFoz il HNE B4
o] Yehts 7ot} 3 A|RE paraquat®} F7A
A X)5h 24417kl LDHS F2]7} Fasloded o
23 2= v A A vehlidid. 2
2|2 paraquat®} AEE FAe] Fdd Fol AR
g A3 & Ho] YEEE naringening A &
ez A7t 2R s EAQ] A e
oh, ol2fdt A= wiok 24A17bR e wioF 1247k
o8 2o} et

4 B

A AFAZE (reactive oxygen radical; ROS)2
Qoz uhgsl Nz BAa) Pl thaje] 239

o) ~ (Ginkgo biloba ext.)& WA o=z 3dldA in
vivo ¥ in vivo A¥E ET A avE Y3
A Aol sl FHEte A Abael oF 23
& &A1 d A BA9 paraquat B o
st A7 238 A XS

1. Ginkgo biloba ext. % quercetin® Z7zt
15.4 uM, 13.2ug/ml®] ¥ %94 DPPH radical
o] 50% AA EAE el

2. Ginkgo biloba ext. ¥ quercetin, narin-
genine H:0, A A 9 kst aals el
Welew IC,e 747t 44uM, 350 uM 2 390
ug/ml o] it

3. Ginkgo biloba ext. 9 quercetin, narin-
genin® H,0: § = £38& AJAslgoen IC,e
7.8uM, 92uM 2 82pug/mlelich.

4. Ginkgo biloba ext. % quercetin® xanth-
ine oxidase TA oA ¢ A3} wAE Yehigl
o ICse 240uM ¥ 1150 uMeo] o},

5. Ginkgo biloba ext. ¥ quercetin, narin-
genine 7} microsome®] NADPH ¢]&A cyto-
chrome p450 reductase BAIE & & o=
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A st 2ds el

6. Ginkgo biloba ext. ¥ quercetin, narin-
genine alloxan % ¥9 Asd 3 34 &
}& vepldder paraquat BHEe2e HAYS
248 vfeplA] ¢kskA|ul alloxan®t 7 W4 F
oJ Aol Ad2h4-S vehl sl

7. Ginkgo biloba ext. % quercetin, narin-
genine paraquatel] &3 WA 2 ¥E LDH &
Y& dAAgen Ha] Hxef AAEE A F
o}.

e A= £¢3te] & 9 Ginkgo biloba ext.
" quercetin, naringening in vitro, in vivoel
Ao} iz &) oSS sk, =gt
AL oAy F AR A AkaFel o
paraquat®] ME EAE HAATIE HoE Mo}
paraquat®] %43 7z iitel f-g3le]eta Als
24
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