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Protective Effect of Flavonoids on Lymphocyte DNA Damage Using Comet Assay”
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Department of Food and Nutrition, Hannam University, Daejeon 306-791, Korea

ABSTRACT

The present study was attempted to investigate and compare the antioxidant potency of several well-known flavonoids,
antioxidant vitamin and commercially available popular beverages. The antioxidant potency was assessed by the effect
on reducing oxidative DNA damage of human lymphocytes. Cellular oxidative DNA damage was measured by SCGE
(single-cell gel electrophoresis), also known as comet assay. Lymphocytes were pre-treated for 30 minutes with wide
ranges of doses of apigenin, kaempferol, luteolin, myricetin, rutin, quercetin, & -tocopherol (10, 25, 50, 100, 200, 500,
1000 £M), green tea extract or grape juice (10, 50, 100, 250, 500, 1000  g/mL) followed by a H;0, (100 #M) treat-
ment for 5 min as an oxidative stimulus. The physiological function of each antioxidant substance on oxidative DNA
damage was analyzed as tail moment (tail length X percentage migrated DNA in tail) and expressed as relative DNA
damage score after adjusting by the level of control treatment. Cells treated with H,O, alone (positive control) had an
extensive DNA damage compared with cells treated with phosphate buffered saline (PBS, negative control) or pre-treated
with all the tested samples. Of all the six flavonoids, quercetin was the most potent antioxidant showing the lowest
EDs; of 8.5 ¢ g/mL (concentration to produce 50% protection of relative DNA damage) . The antoxidant potency of
individual flavonoids were ranked as follows in a decreasing order; luteolin (18.4 z g/mL), myricetin (19.0 zg/mL),
rutin (22.2 pg/mL), apigenin (24,3 xg/mL), kaempferol (25.5 1 g/mL). The protective effect of @ -tocopherol was
substantially lower (highest EDs, value of 55.0 £ g/mL) than all the other flavonoids, while the protective effect was
highest in green tea and grape juice with low EDS0 value of 7.6 and 5.3, respectively. These results suggest that flavonoids,
especially quercetin, and natural compounds from food product, green tea and grape juice, produced powerful anti-
oxidative activities, even stronger than @ -tocopherol. Taken together, supplementation of antioxidants to lymphocytes
followed by oxidative stimulus inhibited damage to cellular DNA, supporting a protective effect against oxidative
damage induced by reactive oxygen species. (Korean J Nutrition 36(2) : 125~132, 2003)

KEY WORDS : flavonoids, apigenin, kaempferol, luteolin, myricetin, rutin, quercetin, antioxidant, green tea, grape
juice, a -tocopherol, DNA damage, comet assay.
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126 /Flavonoids®] 15} DNA &4 25 &3}

flavones, flavonols, flavonones, isoflavones, anthocy-
anins 5& X fojoln, BF C—C3—-Ced BAFT
22X 94 gAa 18 720 234 tE Bolt”
Flavonol® WiEAQ) EAZ+= quercetin, kaempferol,
myricetin®] 2.1, flavone®l¥= apigenin, luteolin®] 3
3, flavonones® t¥AQl EAEE naringing & 5 9l

t}31 Isoflavonesell= F-Holl Bo] S0IAE genestein,

daidzein $°) 921 0|2 AEZAT FAF AzF
7150l Yol 7d7) FAaE st % v ope} HA7)
ojF Yehi= Ad8AAE 9 ItaFS odEEy o
o7} ), AMAMY ¥ oL dAE FINAFE
A 7t Y Ao w3 itk T gl
anthocyaninAlE= Mot ALY, %, cherryH 7HA,
A ol Sl Wol FF=o] gick 0|9} & flavonoids
52 AgAE AU 27F F5012 (Cu™, Fe™) ¥
g P, 4 FAAZRA AU A FEl7) (free
radical) & ¥3}s10] MAANEGE AATF oA HE
 ohgl n8Y, FAE 2 3E AAE=Y F2% o
< stk B R

AA7HA) gkt AFE Bl o AL Ak AEq
A% QAT AT ) DNA £33 742 T0) e A=
w31 itk DNA 48 335D A8 B a8
So) 7= o] sh=dl oJA7EA] ARSEINE WRHIERT 4
T E Uz o R 2 AMEI Y Aol comet
assay &2 SAE F7)9EH (single cell gel electro-
phoresis) ©]t}. ©] ¥PHS A& Ostling and Johanson'”
o oJ&) z+zte] MESFFA ] DNA &4 A3 g
317) 98t =49 micro gel electrophoresis $H 2R
Singh 70l <J&) Br} BIZksHAl DNA &35 A8 4
F & woz wAEgrl o] B QA oW =
Z)oME DNA £9AES $48 5 glon ¥4 A &%
o] AgRke "o 7 dlu APrpgo] e B ozt A
EAHFEAR U AHRE IS F I T ESF
AL 7FA 1 9tk Comet assayE ol&sHa Akx gz
o] Aol 2% DNA &3 gAtstAlg] 34 52 €Al
T2 S 9l o oxidative stressoll =EH] SlE &4
2] 749 ¥)FAERT DNA &4 Ae7t #2438k 57}
5o} 91go] Bud vk k' FUCIME comet assay
£ a7 4 504 8 FAAe ulFAxe] 3t
A DNA &8 v|wshs A7l 4332z o84 vt
ek

Q1A YIFE oxidative stressE Z HIGSH= AXE
N A =59 hydrogen peroxided| = U7 DNA7} &

A w=ta dEA Qith &2 #3 stelA breakE
7K DNA 18% supercoilings QAT ATt &
& 27195 Ao Ao zRE HojW DNA Z2HE comet
taile A Ho, 1 ST 855 oY Y
o)A A7t oA Dok QA AHTE in viro Aol
A flavonoidstt A3} HlElRl 0 2 X2J3hd o] EAE
93 oxidants$} antioxidants 7+l #¥o] SEEAA hy-
drogen peroxide®ll 23] FE¥ DNA &4to) ZHAidrt
a2 flavonoids®) oxidative DNA 4 JARAEE &
A% A7 18 94 gon fElveMe S £ &
g 42 5 kst AEFolA 23 flavonoids®] At
3} Z 3ol §3 AT} o] 1 2 flavonoids
7} DNA &44o) v)X)E= G disixe otz nud vt
At

wahd & QAFolxE chemical flavonoidsS oxidative
stressell 93t QA Y3 oxidative DNA &3l dish
ARERE ARy, o)E 7[&ES A3 vlERIQl a—
tocopherol, 1831 HZ AZSEEA L2 AEE] &
£33 e =39 TEFA0] DNA &4 /N avts b
w3} Bo2M flavonoidse & Y &3] A= %
HR A BT

2

1. AR |

2 dFox flavonoids chemicalsZ3= apigenin, kae-
mpferol, luteolin, myricetin, quercetin, quercitrin, rutin
(Sigma, USA)5& ARESIlod 3Als) vellezes
a —tocopherol (Sigma, USA), flavonoids &-8°] &
AFovL =AY ETFAE ARG o —tocopherol
£ dimethy! sulfoxide (DMSO)E £&|A1H AL S
o, =3} 3282 85T water bathollA 3A13t F&3}9
3,000 rpmelA 30%7F AR 3 F AFAS o7
3l FA ARSI, TEFAE 47T, 9,000 rpmellA
3087 94 23t A5ae HE $F milipore filter
045 pm)2 A7 FFHY Y ARE 2 X319
ANEZ ATEPh T2 AR MEE AZ AP
28] DMSO° A9 FE2 59 eppendorf tubell &
A -80CHEL BA3PAA comet assaydPoll AR
33t

2. e B

Y A Hi AR o2 SAES YA ¥ AU



AR A 264 oA, vFAH ERE ALEE dtY
heparinated sterile tube®l| go} 2~4A]3F ojuol] Yo+
25 AABITh QA dae A FE 100 p1E
1 ml®] 10% fetal bovine serum (FBS)& -3t RPMI—
16409] 412 ¥ Histopaque 1077& o]-&3 a7k
s8I, o|gA Eel¥ ¥+ Al 40% RPMI-
16409} 50% FBS, -18l3 10% DMSOE 749 storage
bufferel ol AEAE wHEo| —20TelA FARF Y5
& ¥, —80CE &A Y& Ao, 25 U A3
ARE-3HAT

3. Flavonoidset B} HIERN Ale, SRAIES] TAE (pre-

treatment)

Flavonoids A5 8435 vlel, =3}, IEFA Alg
9 5 e, dud#EE AN 2 A e A &
© AFEs, AEEAo] Yepr] Aj&she RS Al
g Ao H, AE2 DNA &33EE HO0.E A
2]3k positive control® H,0. 5 X254 92 negative
control®] ®MF ol &3leE MAslgich 2 APerM:
DMSOe°ll £3|F 3413l A28 S=HE PBSE 343
F, 4TCeA 3023 Bt WRAIRE, YERTOE 29
positive control i*¥} negetive controli-oll&= 3HAFS} A
EE AH2shA gotrh 30% < incubation ¥ ¥, PBS
Z F A A3 oS ARBIAEHAE SISt

4. M3} AEFAQ gHL

Absl AE#IA] 93 DNA &4 $24)7]171 93, A
SAEE o durell 100 #Me] HL 0.5 7kete] 4T ¥
FaelA 5% Fak WAl ok PBSE Al3313t). Po-
sitive control AETolE DMSO (1%) + PBS (99%) &
3087 AAFFT ME] 100 M H,0,E Agjsleion,
negative control A¥:-oll= DMSO (1%) + PBS (99%)
£ 30% A F H0.8 Aashx| ¥ PBST A8t
pel=g

5. BNIEENFSL CIA| 2Y

Aol AAS dE2] HFE vk cell®] DNA &4 &
A3}7] Y3 comet assayE AAI3HAtE Normal melting
agarose (NMA) 7} precoating® fully frosted slide Y=
QAU FEMES} 75 119 0.7% low melting agarose
gel (LMA)S] HElMS Fu T BAEA 3 & cover
glass® 9o} 4T B339 2339t Gelo] 20X
cover glassE H7]32 2 Yol TA] 0.7% LMA £ 75 pl
Z %A 9 92 F lysis IS AR vlg] #8j8 T
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2}712 alkali lysis buffer (2.5 M NaCl, 100 mM EDTA,
10 mM tris) ol AME-2)Ae) 1% Triton X-100& 4 &
slide® 87} A&, &AM 1217 B2t FA AJF Ly-
sis7} B slideE electrophoresis tankel vlg83tm 4C
9] 271 buffer (300 mM NaOH, 10 mM Na,EDTA) &
A9 unwinding AIZTk 2080] A F 25 V/300 + 3 mA
o] A% Hol 20¥7F A71FT2 AAEGITE W7]YE
o] ¢ ¥ 04 M Tris #3589 (pH 7.5) 2% F¥3| Al
A3k

Comet image BA41& 98] 20 xg/mg F%9) ethidium
bromide® nucleotidesE @3t FBFAWZ (Leica
DMLB, Germany) o4 #&3}3 CCD camera (Charge
Coupled Device KP—M1, Hitachi Denshi, Japan) & %
& Bzl ZF2he) HIES images comet image analyzing
systeme] AX® FAFE oA 439 Ao
DNA &HE5x #ozXiE o)Fd DNA oHHe] Az
(tail length, TL) 3= tail lengthell tailt) 42 DNA%
& F8F tail moment (TM) #& FAsI] JeERIS .
oz} HalT 2 2709 slideE WEO 1 FolN Zz
10070 AEE #2331, Hy0.00 213 DNA &4, 181
flavonoids, 31tsh HlER 9 A4kst AF (FA), 2&=F
2) ol ¥ DNA &4 AR EE Sk 2 A+
v 4 33 vE A¥E 5 2 HdE Jehaiglen,
s 24 AHeE A9 A %2 positive control F,
100 M Hy0; 872 DNA £33 £Z maximal DNA
damage 2 AAY3}H, negative control £ H,0.5 g3}
Al 42 YIE no damageE At} 7 FEol e
DNA & EE v|wal E7]88ich

6. FWNE

2E 289 A= SPSS-PC+ £4) package 10.0&
ARg3le] Alagich ZF AElE = 100708 AlZAA &
4%t DNA &4 (TL, TM,% DNA in tail) &} 372t
EFXE oIt 7 Algritt A H o)ate] A o)A
positive control®} negative controlg 7]F20 2 3l Z+
FoEE AthAQl DNA £AEE relative scoreZ ¥4
st 7 sxol DNA &4 94 F=E vlwshr] 9
3 F=EE one—way AHEA (ANOVA) & Al3sisle
o], 7} 5719 xlo]E Duncan test® AME AFEG T,
BE BEAF Fo48L o = 0.05 FFA B89 =
3 ZF AR ES] FEE DNA &4 35S ©]8319 linear
regression analysis® 3t ¥, positive controle]l B3}

DNA &4 50% ZaxA 4= Sl Alge] 555 At
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Table 1. DNA damage (relative score) of flavonoids and e -tocopherol on H:Qz-induced human lymphocytes”

Controls Dose of antioxidant pre-treatment (M)
N? P> 10 25 50 100 200 500 1000
Flavonols (no. of hydroxyl group)
Kaempferol (4) 0 10° 7.4 +0.1° 65+0.1° 47+01° 50%x01° 50+01° 47+0.1°
Rutin (4) 0] 10° 70+£01° 46+01° 45+01° 50x0.1° 49+02° 70+02°
Quercetin (5) 0 10° 62+02° 33+03*® 26+03 42+02° 47 £02° 49 02%
Myricetin (6) 0 0° 5.8 £ 0.3° 4904 3402 38x02¢ 23+02° 11405
Flavones (no. of hydroxyl group)
Apigenin (3) 0] 10° 6.3 £ 0.2 60+03" 53+£02° 64+05° 70+£03°
Luteolin (4) 0 10° 72+03° 59+05 57+03 35+02 38103 5704
a-tocopherol 0 10° 9104 68104 5403 39+04°

1) All values are mean =+ S.E. For each substance, values with different letters are significantly different at p <0.05 after Duncan test.

2) N: negative control (0 M HO,)
3) P: positive control (100 M H:0,)

Flavonols

Flavones

Fig. 1. Chemical shuctures of flavonols and flavones. Position of
hydroxyl group in each flavonols: kaempferol: 5, 7, 3, 4°, rutin: §,
7.3, 4, quercetin: 3, 5,7, 3, 4, myricetin: 3, 5, 7, 3', 4, 5. Position
of hydroxyl group in each flavones: apigenin: 5, 7, 4, luteolin: 5,
7.3, 4.

3101 EDy®l 3& AREIgion o] ko 7t AjZ¢) DNA
&4 BIEHE NTAAT 3, EDyd Fol Reas
DNA &4 94l &3h7} 2 2102 HNaigin:

LI

B AFolA AHL3E chemical flavonoids?] apigenin,
kaempferol, luteolin, myricetin, quercetin, quercitrin,
rutin® Ak3} v]elNQl ¢ —tocopherol®) DNA £434
55 58% vlws) ¥ F3= Table 13 2o, fla-
vonoids £ flavonols$} flavones®] +%& x}o)+= Fig, 1
of Yeljic}. 4ie] flavoniods £ WA flavonolsE X
A, hydroxylZ]17}F 4709 kaempferol2 AE%4% 10 uM
X DNA &4 ARt 2693 =0, 5 F7}
gl mjg} 1 AAENE FUIsle], 100 Mol ol2d
53%°] JAEHE JeIAL 1 o}F2E W3} U
t}. HydroxylZ17} 6702 7F %2 myricetin® 3% A
FEA 10 Mol AAEH7} 42%2 vwd & H
olgle, 500 gMolA HIRQA 77%S JeERIAL,

1000 #MelM¥ positive controld] 38 dol AXE
AL JeRgich 9] Hydroxyl”17F kaempferold} Zo)
4709 rutin® 3¢ 50 ¢MeiA DNA &4 AAE7}
1l 55% FEo @R oY, myricetin AR FFO
Z 1000 p#MoijAl DNA &4o] Al F718teict. Hy-
droxyl”17} 57091 quercetin®} A% AEEQN 25, 50 «M
oAl oju] DNA &4 AAEA7} 67~74%F el
E A7) ARgE flavonoids F 7H ¥& DNA &4
AAEAE B o)} e A= Aruoma 50| qu-
ercetin®] TEAC (trolox—equivalent antioxidant capa-
city) 22 F33 gitslgo] o flavonoidsE B ¥
U B8 YX|sks Aot

Flavone & £ hydroxyl7]7} 370Q} apigenin® B E
E5oM DNA &% 94 297} 50%E ¥R ke,
hydroxylZ]7} 47121 luteolin®] A= &0l ulel Az}
Z DNA &% AAaxt $7k8k 100 pM# 200 M
W 62~65%2) AAENE Bch

9 AN £ F R0l AsElM e} 1E%eld DNA
&3R5 AL Agvi dEA JehEg, 7 5
2 Z} flavonoids®) DNA &4 o4 53HE shte) a9
T2 ®7)3l9 Fig. 29 AXSRtE 1 AFS Avng,
flavonoids % hydroxyl”17} 40! kaempferol2 #i2ls}
A hydroxylZ]7} 5, 67§21 flavonols (quercetin, myri-
cetin, rutin ; Fig. 2014 442 E HA))2] DNA &4 o
A &7} hydroxyl”?17} 3, 4709 flavones (apigenin,
lueteolin ; Fig. 204 Aoz FAD KL} vlud F2 7
22 JeRsth olzigt A= AHiA o2 hydroxyl?]9
AX g} AT sk, Yoyt DNA &4 A adje)
Z0% A¥L dvhE B sl xFpBM

3233} vlelIQl @ —tocopherol®] A9, AEEQ 10 M
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Luteolin

- Apigenin
Myricetin
10 —&—  Rufin
Quercetin

Kaempferol

DNA domage (relative score)
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1 2 3

Log concentration of flavonoids (uM)

Fig. 2. Effects of individual flavonoids on DNA damage (relative
score) in human lymphocytes by comet assay.

o= DNA &4 A&7} 10% BEsel UehiA]
dekort, FErt FU1skel wel AAlERs AA 500 «M
AME 61% AAEFHE BTt (Table 1). FAt3} )
EFIQl @ —tocopherol®) ©]¢} 72 DNA £ 94 a3
£ flavonoids®] A= vms) B o) uxLods
£ Aol7t o, AFToME ¥ Hog YERTt o]
9} 22 A= flavonoidsE singlet oxygen®|Y} super-
oxide free radical, hydroxyl radicals®} 22 27|4A9
el FEEES AASKE 7150 Yot high—
level’ antioxidantzty &elx & wWHdel, @ —toco-
pherol peroxy radicals 5 #1349l vjw3d %7)
A AFRE71E HREAF)7] Wil ‘low—level
antioxidant® EF9ch= Torel 579 FH02 w3
Agd 4 A

HZ A7k Uizt #lo] FoAHA F2e] $80] &
ofua glow, B FUI9 tge] HA1e) ZleAld] #
g ATE B o)FoA 1 gk AAE /7 A=
Ao A} AF, XS 315l 5~77 vl vl
fAo]| uld] AAAE 0)FHgo] RolA|E Aol Bud vt
Ack® wahy £ ATFelAE chemical249] flavonoids
off vj&] A AFog JH3AEE 52k DNASY <

DNA damage (relative score)

N P 10 50 100 250 500 1000
Green tea (ug/mL)

Fig. 3. Inhibitory effect of green tea on H2Oz-induced oxidative
DNA darnage in human lymphocyte. P: positive contfrol (200 #M
H202), N: negative control (PBS), All values are mean =+ SE (n=
100). Bars with different letters are significantly different at p <0.05
after Duncan test.

12 ~

DNA damage (relative score)

N P 10 50 100 250 500 1000 5000
Grape juice (ug/mL)

Fig. 4. Inhibitory effect of grape juice on H2Ozinduced oxidative
DNA damage in human lymphocyte. P: positive control (200 M
H202)., N: negative control (PBS), All values are mean =+ SE (n=
100). Bars with different letters are significantly different at p <0.05
after Duncan test.

Afde= ojdlx g A8 o 11 AHE Fig. 39 AlA
313ict. Fig. 394 B0] Qloht MlRef S35 £330
< o, 92 flavonoidsEZ= Aol FE B F,
AEEQ 10 pg/mLoA oln] 50% olde] DNA &%
AAZAE HQl Hhdel, Fx9] FUlex EFtsln oA
A7} 7V gkt ®g 571 1000 pg/mLel 2
A5 NEEAGE JepA Stk AsEAAE ZtetA
DNAEY BIEFHE 8]l 2L olls Hatof $hHiwe]
%)= 9#] polyphenolXd 3}8E % catechin, §—caro-
tene, vitamin C, flavonolsi €¢] synergy ZH8-& %%t
Aoz NFEE ol9) e Avke, o B AT
£9) A735A7} vlelql C, E, f—carotene 5] FAR
FAtel JriRthe EvtE 22, AEA 59 oBiE A
£3lo] g% HE intervention 75 SIEE AAEL QL
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Quercetin
Rufin
Myricefin
Kaempferol
Luteciin

Apigenin

a-tocopherol 1850

Green tea 7.6
Grape juice 5.3

0 20 40 60
ED 50 (ug/mt)

Fig. 5. Comparison of the antioxidant acivities of individual fia-
vonoids, antioxidant vitamin and food products in comet assay
by the estimated dose that would result in a 50% reduction (EDso)
of oxidative DNA damage in human lymphocytes.

ERoR »F 2A4E 4 glth

A E0 P s Par3l UL E o] &3 27 FYFA
ATE F IEFA T3 ARA YL AAA7IA,
Y29 aggregations ATty Bug v} glowB®
B A7) ARAGHE TEFA F Falsly e 53
3 2 A% 3 a9 4F b Jese®
2 A7olA a3t 289 shE TEFAY DNA &4
AAEHE AR} (Fig. 4). Fig. 4914 B4, F3k¢)
FAEH AEE 10 pg/mlolA < 45%2) DNAEY &
AZTE RFow, 7 Bt} 52 FEAANE $59 371
o] & P ¥ = Ao etk XEF o]E#
9= AF A4S A AEAEezE XEUYE] poly-
phenol & resveratrol (2,3 ,5~trihydroxystilbene) &
F238lo] AX M)ehd Axe] A3k 2EHAE op
DNA &4o] ztagithe A7t glon’™ FEdfor
= ¥T FA9 Fd7} platelet activityE AL,
thrombosis& & 202 RuEch>?

2ol AAE-¢ Aelsle] 7} flavonoidsE3 P43} ule}
o, 22lx A3 89 FgastE S vlash] SsiA, B
E AR89 998 pg/mLoE 5L F, positive con-
trolel] Blal DNA &42 50% Z4aAZ 4 e AEY
EEE EDgpE ARSI Fig. 59 vERRSIth ellA 2
AHS} o), flavonols F quercetin® EDg, #t°] flavo
niods FolA 71 ¥ Aog et tE flavonols
Q1 myricetin® kaempferol2 flavones?! luteolin 3-&
apigenin®} 153 AES) EDs, 3t RATh EDyy #ol
%2 Ao) DNA &4 A a7t B2 RAo|BE, flave
noids & 7F3 DNA &% A&7}t & 2L quercetin

Q! A¢ <& 4 3t} Flavonoids % flavonols?! rutin
EDs, #ol flavonoids % 7F¢ Eton|, o|¢ 22 A%
= Fig. 1914 ®E0] R3 X7} conjugate Hot 17| w)
Fo)) b2 flavonoidsS Bt FAtaio] olA)7] wiEd
AoZ Belrk33® a3} vlell ¢ —tocopherol®) EDsg
e 55 pg/mLEA B doA A3 BE flavonoids
g} =1}, FEFA To vlg] /M B2 Ao #AHN
t}. o] oju] Yolla A3 ulg} Fo] o —tocopherol
A FE71E AR Agol I whe9) F714 el
7] Wgoleta Aztect.

Comet assay: 91723l 7Hasld, AA|Holn s
7)) ARge] e G whaE, AUXA uEsd, 4%
A9 DNA &2 2¥9sd 1 £5& FA3] ¥

flavonoids 9] FE4wo] a3p7} Yehtr] &g & AT
? 23F b vl B @TFoME o) B 2FE A
371 98l DNA &4 4% F74°] 7% maximal da-
mage & olUe FES AAs] HPHU, T A%
2 9jx)e)| T oJQE FBSE 13} metabolic activation
o] dojubr] 5 Ut MEE phosphate buffer® 2
3] o)} FE3) AT F FYI DT 0|2 AT 2F
= P23 @ Aoz Azdr

B AP o8] F72 AEE It ¥EF A8t
= ol A A du AHAY 7] AelE Ha
3] i Mg duT dial B AR deE
AMgEIgen, AR7|Eet dute WEARTIzel 2
FE QA FEE 3 AYAFE Hagoz ATl
SR A2 A 5448 Folvt UA biomonito-
ringdl] YAT-E 0] €35 comet assay’} A-83}=AA, A
3 3 Fo dute BE A3 geNe] FiEL
)& 7Hed), Duthie 5°7& AASHA 228 Aot 3
% AAEPY A7) DNA SYAEY 2p0)E vl ws}
o] B A3}, A% duret F 2 5t ¥E AZEHAL
Adoht9] DNA $3AE Alolell AR zlel7t AT
I Bk

B Q7o)X= apigenin, kaempferol, luteolin, myricetin,
quercetin, rutin?} 53}, EEF22] H,0z0 2% DNA
&R S ZHE comet assay S B8 AWRT A} H]
EMIQl @ —tocopherol®} wims] ¥ AR, 242t flavo-
noids¢} %3}, LEF2c)M DNA &4 94 a37} yet
pon o5 DNA &4 Aad:= Ak) vlEIQ] a—



tocopherol Bt} E9kth =x19l ¥ T3 A9 DNA &4 o
A&EH7} flavonoidsET HOW, flavonoids S|4 =
quercetin®] DNA &4 A&7} 713 Zol =9l
EF28} vk

o)delx A= @ﬂ Z47}+2) flavonoidsyt, flavonoids
FHAE o TN =F FTEIAol datAel A= A
oA EE A iEEil;_, FHA e9lel 2T AkstH
AEHASY A7) o], & ool wgARe] o

ol £28 2L AAY + Yokx AlgB
=2 a T M i
20 ol B2

B A3 B4L apigenin, kaempferol, luteolin, my-
ricetin, quercetin, quercitrin, rutin 52 flavonoids$}
Atstk vigll a—tocopherol =3}, TEFA7F H0,
of 9% DNA &49 AA17)%5& 7F+A comet assay
F3< o] &3 A otk HAl AMSE BE 4]
24 95 DNA &% 94 7158 448 F e
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