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Protective Effects of Ginkgo Biloba Leaf Extract(GBE) against
1,2,4-benzenetriol Induced Toxicity in Vitro |
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ABSTRACT

Ginkgo biloba has been used for bronchitis and asthma in oriental countries and its leaf extract(GBE) contains 24%
ginkgoflavone glycoside and 6% terpenoid. Flavonoids and terpenoids are known to have various ‘antioxidant effects
such as scavenging of free radicals and chelation of transitional metals. Antioxidant effect of GBE against 1,2,4-1
benzenetriol(BT), one of toxic metabolites of‘benzene, was demonstrated through sister chromatid exchange(SCE) .
analysis, single cell gel electrophoresis(SCGE) analysis, DNA cleavage assay and lipid peroxidation production apalysis.
The means of SCE frequencies at 10, 25 and 50 UM concentration of BT were 7.72, 8.02, 9.22 respectively. In addition
of GBE with concentration of 50, 200 and 500 ug/m/, SCE frequencies were decreased significantly.(p<0.05) According
to SCGE analysis, BT induced DNA damage in a dose-dependent manner at concentration of 10 and 50 UM and ‘the
DNA damage induced by BT was significantly protected by GBE(p<0.001). No genotoxicity was observed by GBE
treatment alone on DNA cleavage. The effect of BT on lipid peroxidation product, Malondialdehyde(MDA), was
increased with concentration of BT(10 and 50 uM) and reduction in MDA was noted when GBE was added. From
above results it is suggested that GBE could protect the cell and DNA from pro-oxidant effect by reactive oxigen species
induced by BT. ‘ ‘ ‘

Keywords : Ginkgo biloba extract(GBE), Sister chromatid exchange(SCE), Single cell gel electrophoresis, Lipid
peroxidation, DNA cleavage, 1,2,4-benzenetriol(BT)
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Ginkgo biloba'z LHAHE] 2J3bgog o] 459 BIE Q= Aog odelx glon2y terpenoid®] 73-$-
d 71#AE 2 A X8A| 2, JelT Pelgat = sarcoma-180 % WA XL AL AFR: Ao

AR gt AES XRmEP) A% A AL
U=t Ginkgo biloba 92
ginkgoflavone glycosides ! terpenoids AJ5-o] Th-x
o} slval d=ix gy
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HAAIALE 2 1,2,4-benzenetriol(BTy= theFg) &
RAARETS AAEle] AL FAER £
A=d @A 01k, Al A gk, 48 52 s
o DNAY| 48 dovfi= Aoz defx .

T, FRZER] el o] Foixl A EA EEhE
Ao B3t AT o= Ginkgo biloba B FE=2
BToll sk SRS EFr) Barsl v gle] ol stk 4
T 875 A B QM= Ginkgo bilobadl
o] sl AlEA FEkEale] BTo o3 A=
gdategel 3 AR UEXE G4A
DNA &4 18|3 ARz =S F8) 7433t
gl

0 M2 3 Uy

1. Ginkgo biloba Y F&E2| FH|

Ginkgo biloba % F2E(Ginkgo biloba leaf extract:
GBE)>- A7A|Fell X A28 AL R ginkgoflavone
glycosides”} 24% 121 terpenoid’} 6% T-= o] 9l
o} o] FEE& ST S5 10mgmpe] T8 7
So] Aol Ag3lH

2. Kol FAMER] mENEA

$efold o] %l RPMI 16409 BrdU(10 uM)e}
PHAE §4] A28l 8 247} 05mi4 25cm’ 4
o]2] wlek flaske] WA 5% COy} FFH=, 37°C
271e 4 242 7F wieFst F BT 10, 25 ¢
SO UMEEE T12]T GBE:= 50, 200 & 500 pgfmi
FER 742 Aujsle] 48x17F FFhEAIZ. vieksl
Hole 31 A 3A7F A coleemid®E HIFEF F
1027} 0.075 M KCl AAle| 28}z, Canoy 324
o (methanol : acetic acid=3:1)°2 24 -8 33}
of slideol|] Hojre| FR-L pAJ3Iict. 2 GAA
FES PAeA A 7AFAIZ] F Flourescent plus
Giemsa(FPG) B (Perry and Wolff(1974))ol] ]3]
5ug/mi®] Hoechst 33258(SIGMA)E 1387} A5}
32, black lightZ 10¥7F ZARE F AQZZ2AA 5%
Gurr's Giemsa -$-.0F oA GAY3le] 2 FEF A
I 604 o) Adsle] JaFnA (X 10008 3
Zslsict. BTHE o8| AERde] dnp} £448
=712 Felsp] 418 RI(Replication Index)71S o8-
Alef] 23] “Falodet.

RI=(ML1 +2M2 + 3M3)/100

ML, M2, M3e 27} 1, 2, 39 £493 A 22| 9%

3. ChMIEXV|EEY !

Singh®] ¥ (1994)) 3 133819} & eppendorf
beoll Po] T wiXE Y3 BT} GBEE A
& F 7 5% Cort FEFHE 37°C Gl
wieFslet. wieF Foll= DNA 3E-E xpaslr] S
4CE A8 ficoll2 UZFE Fej3lgich B
M EZ 05% low melting agarose gel 75 uk Ao]
w2 0.6% normal melting agarose gel2. HIT 4°Ce]|
A BAE Lubo]me| H3 T coverslipl® HolE
F A 4CelA 1083 Fol 23 Y coverslipS
AAs AT} A7 el 0.5% low melting agarose gel
110w Eete]=o] P2 F coverslip® 2. HolE F
ThA] 4°CoA 103%7E Fol Z3] T coverslips A7
slgict. £2bel =2 X7he- lysis buffer25M NaCl,
100mM NaEDTA, 10mM Tris base, 1% N-Lauryl
sarcosinate, 1% Triton X-100, pH 10y 74 4°C
INZAE SEAA T ol F 33} SRR Sefe] =
Hol gl Ag A F Erpe|=F A7) 37
<¥%¥ 3 electrophoretic buffer(300mM NaOH, 0.1%
8-hydroxyquinoline, 2% dimethyl sulfide, | 10 mM
NaEDTA, pH>123p1 2087} = DNA®| §7hee]
ZA & F 25878 22V, 300 mAdlA] Z7)edES A
g}, ol F T A4S F3AF)7) S8 s
buffer(.4 M Tris, pH 7.4 587 33] Z3pA)zo.
DNAZ} Ste]Zo)) A2 4= Q=T L] =8 o5t
Lo M= X7} o)Ak W} gkt Sl =T AR
A7) ¥ ethidium bromide(20 pg/ml) 60 wiZ HHA
Blart. WHEnES ol8s8led 515-560 nm®] excitation
filter?} 590 nm®] barrier filtersll X 400MH&2 51
o TR A9E 3 Fx o HE 60l oluF
24 =Z= 7% (Image-Pro Plus 4.0)S 53] DNAQ] &
AHAEE headS T wild] Zo)2 A3

4. DNA 7I<bdet 24 ‘ :

Plasmid pBR322(Gibco, BRL)®l CuS0,(200 uM)<};
FeS0,(200 uM), BT(500 uM), GBE(200 ug/mi)yZ 3
ggld 37°C FerlellM 1A)7F wiefAlZ) F Ethidium
bromide’} E3E 1% agarose gelell A 2087} A7]%3
%% sl DNA 719 Awte] A=E ). DNA
7k Ake) P dlE&FOo=E Bleomycin(150 LM)-
Fe(200 uM) E5H2<] 28 DNA 71t £448 o843}
et ‘

5. XEEHISE 24(TBA assay) :
Hermann 5-(1990)¢] ®h#lel w2l Thiobarbituric
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Acid(TBA)?} BF8-31= Malondialdehyde(MDA)2] %k
2 A5G AAAASEE doldr] sl 57 A
X29] Chinese Hamster Ovary Cell(CHO-K1A4) %)&-
25 cm? o]9] Wik flaskel] 3.6X 1070 MEES A2
BTE F='H(10, 50 uM)E X2]8kil GBE(200 ug/mi)
£ 47 A3 F coyt FHEHE 37°CHe7) ¢4
184]7F wiefslsdet. Trypsing A2sled 548 A 25
o 09% saline 1mS Y3 homogenizer®™ 157}
8 vk 1 5 dAE #Hsled Bradford method'®
of we}l whiAS AT FE sample %5} 1:10)
HES TBA A9K0.375% TBA+30% TCA+0.25N
HCDE: ¥o] & 42 ok 100°CollA 1587 el &
800Gl 1087 4322l S sisivh. Alsel-S s
535 nmellM 35S 2431990}, Extinction coefficient
2A] 156 mM-1 cm'S AMEle] E4% 2 mmolE
slgde

6. SH =4

SPSS 9.05 o]-§3te] A LA T =)M BT
9] xe] @& |9} GBE HeHe] nlEAlelZ
log ¥#8t ¥ student's t-testS d}ir), 3}, T EA]
71°35%oM BT ©J3F DNA <Ak GBEe] o3t
DNA &4 R38348 B $sie w2 wbgal
Mann-Whitney 7374< 31530}

m. & !

1. BT2} GBEO| 2|8t XIoj QA& meti=o| Wa}
Table 194 Hi= wle} Zbo] BT =7} 10, 25
250 pME 71| wle) AR o) meki s}
AEG Z2F 772, 8.02, 9.222 Ax} 715K B 4
7F ART Az 5087 vlaEg S W fols &
7112 o 4 drk(p<0.001). GBE®] H%7} 50~

10
N Control
GBESQ pg/ml
8- | WEEA GBE200opg/ml
GBEScoug/ml
= 61
8
L
Q
D 44
2 -
O i | - i [
Control BT10uM BT25uM BT50uM
Dose

Fig. 1. The protective effect of GBE on SCE frequencies
induced by 1,2.4-benzenetriol in human lymphocytes.
Error bars indicated standard error of the mean of 60
cells (*p<0.05, **p<0.001).

Table 1. The protective effect of GBE on sister chromatid exchange(SCE) induced by 1,2,4-benzenetriol

Frequency of sister chromatid exchange

Dose Mean £ SE? Mean =+ SE"- p-value Replication index(RD*
Control 5.08+£0.22 1.56 £0.05 213
Ginkgo 50 pg/mi 5.43+0.25 '1.63£0.05 0.18 2.10
Ginkgo 200 ug/ml 5.03+0.22 - 1.560.04 0.50 2.06
Ginkgo 500 pg/m! 5.12+0.17 1.60+0.03 0.28 2.08
BT10 uM 7.72+0.28 2.00+0.04 2.09
+ Ginkgo 50 pg/mi 6.55+£0.17 1.861+0.03 0.001t 2.08
+ Ginkgo 200 ug/m/ 6.73+0.18 1.88+0.03 0.0064 2.09
+ Ginkgo 500 pg/ml 7.27+0.19 1.96£0.02 0.20 2.05
BT25 uM 8.02+0.29 2.04+0.04 2.05
+ Ginkgo 50 pg/ml 6.93+0.21 1.91+0.03 0.0026 2.10
+ Ginkgo 200 pg/m! 6.95+£0.19 1.91+0.03 0.0032 2.06
+ Ginkgo 500 pg/m! 7.35+0.23 1.961+0.03 0.055 2.03
BT50 pM 9.224+0.33 2.18+0.03 2.03
+ Ginkgo 50 ug/ml/ 72+0.16 1.96£0.02 p<0.001 2.09
+ Ginkgo 200 pg/ml 8.03+0.18 2.07+0.02 0.0033 2.08
+ Ginkgo 500 pg/ml/ 8.02+0.21 2.061£0.02 0.0027 2.06

“represents meanstandard error of 60 cells.
®log transformed means and standard error.

“the average number of replications completed by the metaphase cells examined.
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Ginkgo biloba %)

500 pg/mpl M Al EA TE =7} thFel v
3 Zelzk vl dske}. GBE A2lel 48] BTl o8
FAA o) AHE S B 4 U, GBEY ¥
ol 52 2 Este] Aol vel GleHTible 1
Fig. 1).

2. EE MY |HSHE S5 GBEQ| aiEla)

Table 2014 Hi= upe} Ze] BTO| F%r) F7kshd
A taile] Ze)7} Z7181= AL B 5 9sishp<0.001).
iR} GBE: BToll 23 DNASARSE 7471 2l
2 veRdon GBEES(50~500 ug/mipl] hE RS F

Table 2. The effect of GBE on DNA damage induced by
1,2,4-benzenetriol in human Iymphocytes detected
by single cell gel electrophoresis analysis

Tail length(um)
Mean*+SE* Median
28.10x1.52 2233
23441072 21.85 0.426
2450+1.12 20.66 0.020

Ginkgo 500 yg/m/ 25.85+1.23 21.14 0.185
BT 10M 3749+1.88 3515

+ Ginkgo 50 pg/mi 29.52+1.49 23.16 <0.001

+ Ginkgo 200 pg/m! 28.19+1.81 22.68 <0.001

+ Ginkgo 500 pg/m! 29.60+1.81 23.75 <0.001
BT 50M 42.82+1.83  40.06

+ Ginkgo 50 pg/mi 31.63+1.74 27.19 <0.001

+ Ginkgo 200 pg/m! 30.41x1.69 24.58 <0.001

+ Ginkgo 500 pg/m! 33.54+2.13 2541 <0.001
“represents meanstandard error of 60 cells.
®Mann-Whitney U test.

Treatment p-value®

Control
Ginkgo 50 pg/ml
Ginkgo 200 pg/ml

50

I Control
GBESoN/MI
40 - | EEE GBE20pg/mi
GBESOH/MI

30 4

20 +

Tail length (um)

10

Control BTt0uMm . BT50uM
. Dose.
Fig. 2. The inhibitory effect of GBE on DNA damage induced
by 1,2,4-benzenetriol.
The values are mean and standard error of tail length(im)
in each 60 cells (**Mann-Whitney, p<0.001).

F2E9] 1,2,4-benzenetriole]] W3 AL E o) WhEt Q- 127

e} Abole vehdA] esteh(Table 2, Fig. 2).

3. DNA 7|Ef8iEholl th8t GBES 32

Plasmid pBR322¢) GBERHS =% H2dk 4%
DNA <& Yehds) 9kgkowd, Plasmid DNA]
GBEZ 72| £& A o]23} Zo] A3s | DNA
7Fel ke e FAEA) Ugkek(Table 3, Fig. 3,
4). DNA®| BT¢} GBERHE: Az|dt 7-9ll= DNAS|
oM o] glsiert, Tl mx A oS 747}?‘5}
$& @ 27 DNA9| dxte] deiytd. ‘

4. X Ak510] 0|3l AAE/= MDA 2ol LhSt GBE
ol &3 ‘ !

CHO A Z¢]] BT 10, 50 mvH %59} GBE 200 ug/
mi®] FEF FoI3}t F 18417k Foj| TBA(Thiobarbituric
acid) ¥4& A8k X @Abslel o) AR MDA

Table 3. Effect of GBE on cleavage of plasmid DNA by
1,2,4-benzenetriol in the present of Fe or, Cu,

No. Test agents Result
1 GBE s —
2 BT ‘ -
3 Fe o -
4 Cu N -
5 BT+Fe j‘ -
6 BT+Cu ++
7 GBE+BT -
8 GBE+Fe -
9 GBE+Cu ~
10 GBE+BT+Fe +
11 GBE+BT+Cu +

— @ negative + : weak positive ++ : strong positive

Fig. 3. Agarose gel elecrophoretic patterns of plasmid DI\‘IA in .
the presense of Cu(0.2 mM), Fe(0.2 mM) ion:; Lane 1,
no addition(DNA control); Lane 2, GBE; Lane 3 GBE
plus Fe; Lane 4, GBE plus Cu.
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Fig. 4. Agarose gel elecrophoretic patterns of plasmid DNA in
the presense of BT(500 uM) Cu(0.2 mM), Fe(0.2 mM)
ion.: Lane 1, DNA control; Lane 2, BT; Lane 3, BT plus
Fe; Lane 4, BT plus Cu; Lane 5, BT plus GBE; Lane 6,
BT plus GBE, Fe; Lane 7, BT plus GBE, Cu.

M vithout GBE
with GBE

nmoles MDA/mg Protein

Contro} BT10¥M M BT50¥ M

Dose

Fig. 5. Effect of GBE on the lipid peroxidation induced by
1,2 ,4-benzentriol.

2] k& EFAsldvh e MDA o 0.870) sl
BTY %7t £71845 092, 1.05% MDAS] ofo] &
7RI 9l RS & 4 9len GBE9 Azl o3
MDA °¥°] 0.78, 0.91% 27} 7h43t A& <4 4= sl
S Fig. 5).

=}
=

Iv. 12

AdAL) Aol EAB Sle AEA RELE
= AN S et A}, SRS B s
A AFHE AR Gl HAESE o83t ook A
2 AHHLE Beedl v IREAE Ad
Zdellr AE el = Aol gt ARAdelt
kg 5] HsEge] vehd ZlsAe] HoiA AE
A BEEAEE ol 8T AloPie] ST e &

Aelct. 1 & 3 F52] terpenoid= Ehrlich ascites

tumor, sarcoma-180, Lewis lung tumor®| AAHE- oA
= A2 g on alkaloide] FYEIANE o]43t
257t o] AMH I glvk. Coumarin® 735~ ©1& &
R of o] AREFIAL glom] FZo] Ao
SR} HozArls, shlee]el B3t 9ol
A E5F obE} flavonoid®} phenolic- ¥k,
ulelei, ghateejo} A9} vl¥o] radical A&}
9 ABIEAE ZIX| I 9l o] HIlFgo) 2

Ginkgo bilobas F=3 FfA 28 AFE g
Hoz o]gHe Sid 53] FolMe 7AAd 2
A2 A8AZA AMEEe]A i felME dx
Hio] A o] veh s e EoAN HAL3ktol
2 ot HEgay s 2 ARE X8l 93 o
A2A AREEFe] Q31 glek B Alde) Al-g3t
Ginkgo biloba A9 FEEL RFFEH 28 2L
2 ginkgoflavone glycosides 24%, terpencids 6%<]
Ade] grEle] glar o] F BAle] 7 238k 74
=AZ 4= 9iehb

¥ A7AH A AN EA] w3l T gleiME BT
2] =l wel Wzr} Slsle ofHkS BAE Bo
3l $ieh. 2=vh GBE ARARESZE DNAC] &AM
FA e 212 Helw] BT st GBEY] dHAksla
A= FAFYT =, GBEY FAARS] flavonoide}
terpencid®] 2ol 2j8] BT 23 AAE AL
of 23t fo] AA|HE Aoz ekl

HEA7|GTHE o8 A= BT =3
Zoll w2} DNA A=Y} S7khe oAz
He]al glo}. GBERHS: A3t Tl DNA &4
Ve A kol ARl A el dale) FUst oF
& HoiF9lch GBE:= BT 28 DNA €4S 7

ot A oft

0=
AT AR VERAEE ks BAE gl Al
2 Vet gl

Plasmid pBR322 DNAel =& 1,24-benzenetriol
BT} Fe, Cu ©]-2, GBE 5% *]g|3}+] DNA &gt
AEZ Al BT Cu o)-&o] FAlo ZA)5}
%S " DNA di¥&o] open-circular el 2. 1 3tel
Aol A= Cu-BT E£8E<] ANEANE Ad&
o 4= gJdoh. Jain 51999 Yoshino 5(1999)>
flavonoids?} Cu o]} FA|of EAS e ZAseM =
DNA7} AA} 234 ¢l F2E 73 gleir] Fidaks
Z2] FAWAYe] =7] Wil DNA £42 =3
H Ao 19 ey, B A4 flavonoid AdE
<+ TR3L = GBES =HE Ae] 9l Fe 22 Cu
b FAIARE 7-$o = DNA b= ek A3 w2
A el & Jain $(19997 Yoshino 5(1999)2-
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flavonoid AFATRE: AM3te] A2lsle] Q2 Aijo]x
B oo A8 GBE® 7% flavonoid #je] w}=
TAREEC] FHrEle] 7] wiEel] Jehd Xpolzka
B 4 g} =31 DNA®| BT9 GBERRE: =gt 7
Sl DNASY o5 odgfe] glglent, 78] =='A
o] &5 FAlol H7I519lE& Wi DNAS] Axte] deofit
o] F 7[A F<olo] A 3t &4 F
=23 A gt 4 glgieh a=dE ol=igt A
E A AAEA wEHE B o DA ZA7] %
Me e EMg Aol A ged o
DNA 7Pt A¥eX= GBES BT ¥ w49l%
DNA®] 23 A3 AP 24 gz 24
W3 G 27| G gl AEE waklo A wiok
AFIEA A e JAEAES AMelsle] 1 Az
F7]o] ME Aleldlr] wjEele). & GBES| SARRIE
e ekl o] B BAEHY A = A
Z 9] ARS8 Vel 4 slds e 4
g},

TBA 24 Az} GBES Az)3F 272 MDA °F
< GBEE AHEsH] g vWlEwie) ozt F7isisls
°]& BT 10uM X+ nlage: wi= Aolr} gli=
o= Vet ol2fdt dale 24 AulEape] AlE
9] B = GBRE @EA A MESA o] 94l
olg} FZHvt. pARE A AAEA W3 L oA
EA7)3Fe o3 Hae} vl iA|E GBE®L BTE
FAle] 22lslelS e BTl o3t Rsfats sR1E
T -

ojitellAfg} ZLe] B A4 GBEZ} BTel wisl] w
FEANE 7ML 9l AR Vel er Rong F
(1996)2] AT M= GBEY ¥ M2 zymosand 2,7-
dichlorofluorescein diacetates)] 2] F-=¥ 1774 cell
o] AkslE &AM (Oxidative burstyell B8 B3 &} 9]
o] JYFE] B A7) Ak AHE Helal gl
w2 GBE:= BTell 213 DNA €A4F 9 Ap gl
A -l 223 AR ) gle] FAdAk:
o] o33 &, Al £ AR HEEAE
et A& g 4 stk

e

<

2 A7 BT o3 AlEsAte 2 GBEY #4ls)
3, R3aANE Al $ls] Al fZaee)
CHO ME3, plasmid DNASY A2j3le] Apf G5
3= 2AF DA EA71935H, TBA assay, DNA
i B9 o 22 ARE 49k

1. A=) GA3A IFHIE(SCEYE BT 571 10,
25, 50 uM=. Z7}3h] w2k GBEe] 913} SCE ul=7}
Fo)aA) 241 glo] GBEY RAMEAE 2e)s)
g, ‘

2. DA TR GRS B3 EAL B4 BT &
o wel DNA €£ARE7F S718iiem BTl 28t
DNA €48 2471 AL o 4 sich

3. GBEE 25 A2|3 7% plasmid DNAS] 7}=
Ao Vel R] 943k | Plasmid DNA] flavonoid
sb 72 3& 4 o2 o] AL W= DNA 7}
o] ke A FHEHA sk, DNAe BT}
GBEZ FAlol| A2)gt #-$oll= DNA o}l %3]
gglont, Fol m A oo Wlsge W BT
DNA2] Aste] dofyiet. S

4. BTl ®J3h Alsh GBE®] B3 &ss Adats
BAS Za) obol A3t GBES Aelel 23] 3Aks}
72 =8 4 dgis o

olAke] A2 2 v GBE: BTel 2|3t DNA &4
% A AEA T L 18] A AEE} §De)
9o} BdakaEe] s 2= Absld £ WH|Fo D
A B3 EaE ehics AL 23 4 9t

HAR| 2

B A7E 19999% e 5471 Q)
Aoz =g en] ool A=
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