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ABSTRACT : Quercetin and its glycosides showed a strong free radical scavenging effect to DPPH radical
generation. However, there were not big differences between quercetin aglycone and glycosides under
experimental condition of this study. On the other hand, quercetin had pro-oxidant effect in bleomycin-
dependent DNA assay. Quercetin aglycone and its glycosides, quercitrin inhibited H.O. - induced DNA
damage in CHL cells. They also have an anticlastogenicity toward DNA breakage agent by radical
generation like bleomycin. These results indicate that quercetin aglycone and its glycosides are capable of
protecting the free radical generation induced by reactive oxygen species like H,O,. The mechanism of
inhibition in hydrogen peroxide-induced genotoxicity may be due to their free radical scavenging properties.
Therefore, quercetin aglycone and its glycosides may be useful chemopreventive agents by protecting of free
radical generation which are involved in carcinogenesis and aging. However, quercetin and its glycosides
must also carefully examined for pro-oxidant properties before being proposed for use in vivo.

Key words: Quercetin Aglycone and its glycosides, Hydrogen peroxide, Free radical scavenging effect,
anticlastogenicity, Flavonoids, Antigenotoxicity, Comet assay, Micronucleus test, Cancer chemopreventive
agent
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#2742 AEA] polyphenol 31352 flavonoid 3}H3HE-2
ok 20003 F 0 24 Al EA ol d] FE3LA Qlor] A
A A ez A= T 9l 2Aols] uEel ez A
gl o] 75 01 s}ch(Kuhnau, 1976, Pierpoint, 1986). A}
B 19 4HFE BE 1 golabolet 2HE HEL Be
ofol, o] & oF 170 mg A X7} 4-oxoflavonoids(flavones,
flavanones, chalcone, flavonols)e| ™, quercetin glycosides$}
kaempferol glycosides Z--2- flavonols-2 °F 50 mg A %7} A

= 2 glehw geiA] 2 gl ek (Brown, 1980).
gk, quercetin® in vivoA gellA U H 7 (Pamuku,
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1980y% Ajjsti s viehir|dgten 28]
antimutagenic, =+ anticarcinogenic@43 & Vel B
7} @tk (Ogawa et al., 1985, Shah et al. 1986) AAEE I1E
ot od8] QA-F 3] flavonoid 33t
3} morin, fisetin, quercetin, flavonol % kaempferol %
flavonol-4- =4 =2 £-HEA A EH ) vl 2A s W
2%} vl glth(Heo et al, 1992, Heo et al, 1996). 3+
favonoids E]s 551522 4sha g} elei)
7R go] 2 FAo]ch,

B oA AR 5, 1996, 7] 5, 1998)e]] ¥1g v}
Qe 1xptelEAl N-methyl-N—nltroso urea(MNU) o 2t
EA ol g} quercetin 2 ¥
28-S v 3
of] v}z dE

% galanging- H| &

9124 benzo(a)pyrene 7% -4
FA 52 QA Aol o]o]A] free radical
S ghH, @AAL AT 93 RS54
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ol 7-3fo] AlsbA AE A6 2JE) chemopreventive effect&
1 &1 2 A = sl oh(Kitta et al., 1992, Ohtka et al., 1979).

o] o], quercetin & quercetin glycosides 52 thA} 0.7 &}
in vitroolA] free radical 427158 ¥ <73}, hydroxyl
radical(- OH) YA & 24 H,0, 4% DNAEA ] gl of
A EZIE A 3ke] o bleomycin?} 71 2l ZkA Al of 2]
T A AL dE QA EAE A7 By
3= o]t}

Al

Al Hidd

o
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Quercetin¥} rutin SigmaA}(St.Louis, MO, USA)ol| 4] -
alsled o isoquercitrin® Carl Roth GmbH+CoA}
(Karlsruhe, Germany)ol|4] ZFxkgic}, w8 quercitrinat
hyperin-2 $-73 ) stn HANpR¢2 B Boblgron] u
£ flavonoid 7 A} 5-& TLCe} HPLCZ 58 #9lsta A}
S3tsict. FBSS Alxulokel] H 83l AlekEE GIBCOAL
(Grand Island, NY, USA)el| 4] F-413}e] A}-&-519ic}.

AHS=E

B Aol 4] AF&-E = CS7BL mice = (57)8H-741 8] 55 o
A kel 7Aool S EARSAU Ol Q= ko] T
Z2AW oA 23+ 1°C Y AULGE 55+7%2] ZAOE T~
10 A&7 F AR} A5 AR 9] mheag
pelletAl 25 v, £ 257 HA sk, 12h/12h(L/D)
cycle®] 27|+ 43319}

A‘”;‘_IE al HHOH:H»

i

= oo
W A9 jn vifro Tl A] AREE = cell lineS 7 SA]

AT-ARNE] Fof dol 7 o) ALl 9l
Chinese Hamster Lung(CHL) cell-&- A[-2-}o] =] & Ar) 3}
of A¥EA A wlekslgict. A EZejeke 10% FBS
(GIBCO), 1% glutamine(GIBCO), 1% penicillin-streptomycin
(GIBCO) §-§- MEM, (GIBCO)#l =] & A3t}

=gleiC|Za AR

DPPH(1,1-Diphenyl-2-picryl hydrazily= Ay radical-2-
et gl olAe] thE free radical 53} Zgsle] gt
]2} complexZ- wH=r). o|w) DPPHS| 71-5-& hydroxyl rad-
ical#} -f-AFste] Zejely A4 A A E o Eg-slhu}. 2 A%
oA} 120 uM2] DPPH 2 mlef] sample2] 424 ‘FE4- 2
mlg 7}sle] SEZF A1 3087k vhx) - 520 nmeilA] E3] 8}
s} (Fugita et al., 1988). 91, W& datat= 33] A A|s}e] &

AR 2] shodet.

Pro-oxidant effect

Bleomycin-Fe(III) dependent DNA degradations]] 7|2+
flavonoid glycosides?] pro-oxidant &35 dol R gk}, 1 ml/
ml calf thymus DNA 100 wlef] 500 pg/ml bleomycin 100ul,
0.25 mM FeCl, 100 pl, 50 mM MgCl,, 100 pl, 60 mM
KH.PO.-KOH buffer (pH 7.0) 500 pl, 54529 Y& =
1 ml7} 2| =2 7}s) 1 hr £k 37°Col|4] incubationA] 7] ¥
1% TBAd) 8F2-A# 532 nmell4] FBEE 248}¢c)h
(Okezie et al., 1993). 3H4, BE datat 33] A A 8}o] B4 %
=] spct.

In vitro single cell gel electrophoresis (SCGE,
Comet assay)

In vitro 43 © 2.4] CHL cell & sl of3}o] SCGE A& 4)
Alstedtt. oA PR 22 2 HO0.S ARk}, Cell Sx
10718 24-wellol| 4] 12, 24 hr¥-¢]| flavonoid glycosidesZ %
=R Aefsha 12 hr Fofl JNEEA I HO, G EFE
10°M)E A 2l stdth. 305 & 24-welle]] trypsin 2 mlE- o]
cell-&- harvest3}o] test tubeol] # 3o}, 1500 pm & A
2] & PBS(without Cl, Mg™)2 A& stz t}A] 1500 rpm
2= AlResidet. AASA-g el s ZH)el| 0.5%-LMPA
(low melting point agarose)& 200 ul 7135 ¥ voltex S 7}
ZF 1024 #39r}. 0.65%-NMPA(normal melting point
agarose) 100 plE »12] 44 slide (fully frosted)el] o] ¢4 50
ulE ol 2] & cover slide & G oot WA o)A ok 158
7F 238l 5 cover slideE AAstT 2 ¢l thA] 0.5%-
LMPAE- 100 pl "do] =7 3 cover slide = Y2 WY&} 310l 4]
1587t 23t} Cover slideZ A3t % lysis buffer(2.5M
NaCl, 100 mM Na,EDTA, 10 mM Tris, pH 10, 10% DMSQ,
1% triton X-100)e]] @7} & 14] 7} lysisA| Z e} 7 % elec-
trophoresis buffer (300 mM NaOH, 1 mM Na2EDTA, pH
130)] 2087t 7} A % 3}<ic}. Electrophoresis apparatusol]
slide® o}I& 0 2 wjaddl 5 25V, 300 mAojA] 1587
electrophoresisa}g t}. SlideZ AW 1082 3 0.4M Tris
(PH 7.5)ell 7} F3at it Trayell Aeo] S48 (15%8) 7%
7] % ethidium bromide (2 pg/ml)Z 20 wi# Z}z}o]] i of e
8 g% & 515~560 nme] excitation filter®} 590 nm<]
bartier filier® o] &-5}e] §2alvlA.0 2 Bk ol
22 image analyzerq] KOMET 3.1(Kinetic Imaging, Eng-
land)y& AF&-3}e] $-49 815t} (Singh et al., 1988).

2~84AIE (In vivo micronucleus test)
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Quercetin glycosides Common names Sugar class
Quercetin Quercetin Aglycone
Quercetin 3-rhamnoside Quercitrin Pentose
Quercetin 3-glucoside Isoquercitrin Hexose
Quercetin 3-glactoside Hyperin Hexose
Quercetin 3-thamnosyl glucoside ~ Rutin Pentose+Hexose

Fig. 1. Structures of quercetin and quercetin glycosides.

In vivo micronucleusA] -8 ICR mice (8, 25~30 g)= A}
Sejod Analen AHTD hea St shsich
oFA ) 252 2 4= bleomycing A-&-3hic). vpg-~0] 2
ZHAZ reticulocyteE o] 43l LA AA Bl
A3 2] 7] 2.3 bleomycin-g Fo4 3} 31 484 7F & mra] A Wl o))
A bz AL A3 5}o] o] = acridine orange7} coating =] ]
v Zajo|r Abel] Wojma] m Aw Lol BE oo
o)A o & AP E F(reticulocytes, RETs)5 Ad-&

akAkA & T (micronucleated reticulocytes, MNRETS)2]
il At on ol mhe gk 1000742
RETsE #aslgiv}(Hayashi ez al., 1990). 34, 454 o
AAEE el FAANEEZQ bleomycin(25 mg/kg,i.
)3} flavonoid (1, 10, 100 mg/kg)y& 7+7+ 73-1Fo{ 8 & A
& %ol 48A7 F w2 AL AAeke] 2T S AL}
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Table 194 vebdl AAS Zelefel g dol
quercetin 2 quercetin glycosides F SCy,©] 10107 M 5=
o diF-E A e 84S vehiigich B4 =018 &
A]+=  quercitrin>quercetin>rutin>hyperin>isoquercitrine] 1
th. 4, quercetin®] Al 2} oA S Abel Jloix= o
Al&A 2] afoli= =A] kAT quercitring- A ¢] 8} quer

4
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Table 1. The free radical scavenging effect of flavonoid
glycoside

Treatment ODsyr SCs
M) Mean+SD % Inhibiton (M)

Positive 0.676-£0.014

Quercetin =~ 107 0.675+0.001 0.1
10°¢ 0.672+0.003 0.5 8.1x10*
10° 0.481+0.007** 28.9
10 0.344+0.016** 49.1

Rutin 107 0.653+0.007 34
10 0.634+0.002** 6.3 2.7x10°
10° 0.550+0.008** 18.6
107 0.3160.005** 53.2

Quercitrin 107 0.652+0.005 3.5
10 0.654+0.001 3.2 2.5%x10*
107 0.539+0.008** 20.2
10 0.286+£0.011** 57.3

Isoquercitrin 107 0.6844:0.010 1.1
10 0.674+0.011 0.3 3.3%x10°
107 0.562+£0.004** 16.8
10™ 0.326+0.009** 51.7

Hyperin 107 0.667+0.007 1.3
10 0.662+0.006 2.1 2.8x107
10 0.560+0.004** 17.1
107 0.318+0.013** 52.9

'n=3, Significantly different from the positive control group
(Student's t-test)
*P<0 05, **P<0.01

* 9% Inhibition = [OD siive - ODs,mple]/ODpos,,weX 100

cetin BBl A 7} v A F R} ohi @A o] A vehd A
o2 wylrh B A#H-2 DPPH free radical?] 575l 33}
213 © 2 2] DPPH radical-2- hydroxyl radical®} H] <=3k A%
& 5H= v} quercetm 2] quercetin glycosides+= 7}§F Z&|2}
7 275 e AR A=

Table 2¢]] bleomycin-Fe(1ll) dependant DNA degradation

o] 2]3} pro-oxidant effect3 vlebgict. AF A} quer-
cetin®} v A E<el|A] pro-oxidant effectE Hpep= 7-&
quercetin®] )¢~ Z1.2o hyperin & A]¢]3}l3 mtin, iso-
quercitrin, quercitrin 5 A 25X 10*Moi|4] k&t pro-ox
idant effect= V}el gl v}

Single cell gel electrophoresis (SCGE)

Quercetin?}- Hﬁdiﬂﬂ quercitring thA}o 23}e] H,0.5
X DNA$AYe| x|+ &35 COMET assay 2 A A]&}o]
Table 3o} v}eblgic). Comet assayol|4] 5238 DNA €4)

A %3] Tail length(um)el] ¢l quercetin® 10~MojjA]
29.9%, isoquercitrin2 10-°M, 10°M, 10~Mol| A Z}7} 4.2%,
30.8%, 25.9%2] o A &3-= el gl o). Olive Tail Moment
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Table 2. The pro-oxidant effect of flavonoid glycosides on
bleomycin-Fe(III) dependent DNA degradation

Table 4. The suppressive effect of flavonoid glycosides on

Treatment ODss20m
™) Ind. Value Mean+SD
Solvent Control 0.003 0.023 0.010  0.012+0.010
Quercetin ~ 10°  0.039 0.038 0.044  0.040+0.003*
10°  0.288 0.296 0297  0.294-+0.005**
10%  0.094 0.153 0.081  0.109+0.038**
Rutin 10 0.003 0.002 0.001  0.002=0.001
10°  0.018 0.018 0.016  0.017+0.001
104 0.060 0.061 0.053  0.058+0.004**
Quercitrin ~ 10°  0.003 0.005 0.004  0.004+0.001
105 0.028 0.025 0.025  0.026+0.002*
10°  0.079 0.083 0.075  0.079+0.004**
Isoquercitrin  10°  0.003 0.001 0.006  0.003+0.003
10°  0.013 0.014 0018  0.015+0.003
10¢  0.082 0.083 0.079  0.081+0.002**
Hyperin 10 0.008 0.007 0.007  0.007-+0.001
10°  0.003 0.002 0.004  0.003+0.001
10¢  0.006 0.008 0.008  0.00720.001

Treatment MNRETs/1,000RETs¢ %
(mg/kg, p.o.y Ind. Value Mean + SE Suppression

Solvent Control 1, 0, 0, 0, 1 0.440.2
Positive” 7,9, 6,8, 10, 5 7.5+0.7

Quercetin 1 4,02, 6 0 24+1.1* 68.0

10 2,3,1,2, 2 2.0+0.3* 73.3

100 1,0,2, 0, 4 1.4+0.7** 81.3

Quercitrin 1 3,2,6,4,3 3.6+0.6 52.0

10 3,1,2,2, 3 2.24+0.3* 70.6

H >

100 1,0,2, 2,1 1.2£0.3** 840

'n=3, Significantly different from the positive control group
(Student's t-test)
*P<0.05, **PMO0.01

o olelA= quercetin® 10°M, 10°M, 10*MellA] zkz}
6.2%, 38.3%, 41.1%2] Fx &4l JAZAE Jedy
v quercitrin2 10°M, 10°M, 10~*Mej|lA] 2+z} 23.0%, 56.
8%,48.2%9) @] A E3h% pehlgict.

In vivo micronucleus test

mh-§-2of 4] bleomycinf-%= MNRET®] th3} quercetin 4
oA 2] s}}a) quercitrin®] & 3} Table 4¢] LFehilgl
o} A& o)Ak quercetin Y quercitrinS- FFE g o) 2| 7 3FS- L}
Ehfgict. 2t 51459 o 43 10mg/kg ¥ 100 mg/kgel| 4]
Z}Z} quercetin®] 73.3%(p<0.05), 81.3%(p<0.01), quercitrin
o] 70.6%(p<0.01), 84.0(p<0.05)2} A &3}= Jeluigich.

*Sample(p.o.) was administrated with bleomycin(25 mg/kg, i.
p.) simultaneously.

Peripheral blood was collected 48hrs after bleomycin treat-
ment. "Bleomycin(25 mg/kg,i.p.) alone

‘n=5 (positive control group n=6), Significantly different
from the positive control group ( Student's t-test )

*P<0.05 , **P<0.01

k9, quercetino] ®]wjFA 2 quercitrin B} W& £-2ko]| 4]
& oi FAo] Fghovt 27 gt

o &

Quercetin ¥ 2 A 52 Zejeit)zd 2445 HE
stodct. Quercetin g 1. wij Al 5] Zaleje)z 47 2h8of
340141 Quercetin % 2 wiFA &2 &) w7 epydo}.
hydroxyl radical(- OH) #-= 4] 5437 DNA<AYe]] o 4]
L oA o8 2g3te] Al x] Absky $Ak-S- oA slgict.
w3k gje)z A Aol 2]3F DNA breakage agent3l bleomycin
= LA ol = quercetin D 2 w3 A| quercitrino] %
& AR AL Jelgieh g quercetin & T2 ul oA
E3%= 29 pro-oxidant 37} v)-$- =A) vehgel),

# 2] Quercetin Y 1 AL o & 3HALEFE T ol] 3t
A7t wol o]FoiFedl, silymarin®] olofuli s}

Table 3. The effect of quercetin and quercitrin against H,0, -induced oxidative DNA damage in CHL cells by COMET assay

Treatment Tail DNA % Olive Tail Tail extent Tail length
™M) Moment Moment (Mm)

Solvent control 17.1+£2.1 7.6+ 14 1244+ 2.8 61.2+ 92
H,0, 10°M 352+29 433+ 35 56.6+ 1.9 136.3+ 2.1
H,O, + Quercetin  10°M 33.9+89 40.6+£27.5 60.5+45.5 141.0+£71.8
10°M 27.7£5.1 26.7+19.6 48.2+33.7 148.0+78.9

1M 31.8+25 255+ 9.8 38.6+ 5.4 955+ 4.5**
H,O, + Quercitrin  10°M 283121 333+ 65 43.7+12.0 130.5+28.2
10°M 30.3+4.8 18.7+ 0.7* 35.0+ 0.1 9424239
10*M 27.9+2.6 224+ 9.2 36.9+10.0 100.9+14.1

Data were expressed as mean+SD of two experiments.

Significantly different from the positive control group (Student's t-test ) *P<0.05, **P<0.01
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oxidation state®] o} A<} Fao] )2 r(Lahiri-Chatterjee et
al., 1999) quercetin®] tert-butyl hydroperoxide §-= DNA sin-
gle strand breakage®} A|EE5A1-L olA|5}o (Sestili e al,
1998) quercetino] dH4Fe}2H-4-0 2 gastroprotective effect =
vreh) o] (Martin ef al., 1998) morin®] superoxideel] &} cor-
neal endothelial celi®] A EAFs]E A3} (Zeng er al,
1998) IH 0 2% quercetine] ARghe]] glofa] HAFz)A ¢
3A3LE 2714 71tk B 31 (Hollman et al., 1997)5-0] g}

21} o)7L flavonoid A-#-E59] dHAtstag | elrizt
2753 A ¥ flavonoidEo] Y= pro-oxidant &
ol 95t B 7% 2}, Quercetin &8 FUAFAE ALl A
FoJA] A oA FAksiA A o] FrAaE R ot HA
Z pro-oxidant Z3-Z viehfE  2-amino-adipic  semi-
aldehyde7} -8-2F-A]7} Sl& o 2 Z7}s}9] o n](Young ef
al., 1999) morin} 7--2- A ¥ flavonoid 5-& sh4tE=H-4-5) g
7| pro-oxidant 4] & 2H8-3}0] o] 52 okl AJAl-L- A}
S}af gl ©]2 Qtelubaha-& Lhehils S -9 wheba]
= pro-oxidant 2}-§-of] 2]gh Wol ¥ Aol WiqkA ol Hadd

FE S{,‘J:]—(Ohshlma etal., 1998).

Quercetin 2 7 wiAl 52 Zejzju)d 2A=-4-E et
Wglen, HO, 5 DNA &4 tlsl = a4 oz =t
£3}ed protective effects JEM) i), x28F DNA breaking
agent Q] bleomycin-f-1= 4: 8 /‘EH o & vf|-$- =& o A A S
Jeh) 3 ¢Jok. Quercetin Y 2 A =2 413 AMA-w)
hydroxyl radical 3} superoxide anion £ 4730 24 4t
31A AEg 26 )3 ¥ 5A-E sla glth(Chance et al.,
1979). wlzbA, ROS9|| 2]E} oxidative DNA damage+ 93}
3o} o] Zlr}. o] 52 point mutationo]u} deletion2-
¥3tsl= Zodwlo]E nuclear DNAC|A] < 27]m] mito-
chondrial DNAo{| 4]} oxidative damage+ =3}4] Eof| A2
ol 2] Ag-& U oA oo ue} Edro]e] F3jo] alo]
drt. aeba] DNAG-R] A2 A 24 dov|a ol A2
A A ZECl glofA el 7ol 2A0A A4FL o
A &t} (Ames, 1983).

AbsA DNAEARS B38lo] iehe) A dhA| 4] dojute
Eqo} A &4} (chromosome aberration)5-2] -H-4
ZA]of} thEt A B E-L 9F2] initiation, promotion & pro-
gression THAoA] SAFSHERS-S B3 Al ZEY ALY mo-
dulation, DNA 8}-2-4) £-4-E-2] blocking, DNA replication ©|
1} DNA repair modulation 2-8-3} 7+-2. 714 0 2 FedH oL}
FAA £ 2 S o 5 gle A2 ZdE A gl
(Flora et al., 1992). WetA] Quercetin ¥ 1 vl Al 52 A4
Zejejr]aEol| oJgh Aksha] &Atel A o2 A3k
7148 g835le A 2 EHAE B3 3 g o)

iy

—-

3

M

A2 9 grbsAe] w2 Edg Fd=Eh a8y

quercetin- Z2|2}t] 475, 4k 5}7—‘)( 34- A pro-ox-
idant E3-2 71X 12 idE-& in vitro
lipid A ol| ] &3-& Aub-S-ujefo 2 :} 3] SALSIA| = B8

a5l Ao FA7) olow in vivo A A A2 pro-ox-
idant & 7L F-0) 7 A FA3 el A 02 Bl

#Ale| =

o] =7 19979 xRl St FRIA Q7]
ol 9] 3}e] A= A&

02t
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