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ABSTRACT

Diesel exhaust particle (< 2.5 um, DEP;5) is known to be probarbly carcinogenic (IARC group 2A). DEP» 5
contains organic compounds such as polycyclicaromatic hydrocarbon (PAH), heterocyclic compounds,
phenols, and nitroarenes. Reactive oxygen species (ROS) are generated by DEP,s without any biological
activation system. Therefore, an alternative mechanism by which DEP2 5 could be carcinogenic is known by the
generation of oxidative DNA damage. The aim of this study was to investigate genotoxic effects of DEP: 5
using single cell gel electrophoresis. In order to evaluate the mechanisms of DEP» 5 genotoxicity, the rat micro-
some mediated and DNA repair enzyme treated comet assays together with routine comet assay were
performed. DEP; s was collected from diesel engine bus and dichloromethane extract was obtained. The
organic extract of DEP; s revealed DNA damage itself in NIH/3T3 cells. And it showed both oxidative and
microsome mediated DNA damages. Vitamin C as an model antioxidant reduced DNA damage in endonuclase
III treated comet assay. One of flavonoid, galangin as a CYP1AL1 inhibitor reduced DNA damage in the
presence of S-9 mixture. Our results show that DEP; s are genotoxic and a great source of oxidative stress, but
antioxidants can significantly reduce oxidative DNA damages. And DEP; s may contain indirect mutagens
which can be inhibited by CYP inhibitors.

Key words : diesel exhaust particle, single cell gel electrophoresis, reactive oxygen species (ROS), antioxi-
dant, CYP1AT1 inhibitor
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A& st slom Aol 3k FAde] vl 7
A gAY Fo JAFEARA FHFHT
9)v} (Health Effects Institute, 1995; Health Effects
Institute, 1999).

w}elr] oA 222 TARC Group 2A Probably
carcinogenic 5% o] (IARC, 1989a), &3] ¢+
dod 4 glvie AFR 7} gk (Maudely, 1996;
McClellan, 1996; WHO, 1996; NIOSH, 1998; US
EPA, 1999; Kato et al., 2000). v 222 et s}
7 AW FAAMA (reactive oxygen species, ROS)
9 QA 23 A8l Ao a @ dHA], 4,
71 HA G 5 A dElA Adok(Kagawa, 2002).

2 Ao A= DEP2s9] AME DNAe| dish &
A s 7213 AT 4 9l single cell gel elec-
trophoresis (4™ comet assay)3 AH4-811 o} (Singh
et al., 1988). 3}, DEP,52] DNA &4 WAUES
Fsh7] Sshe] ALSHH DNA &4=e} dAbehy
3lol w2 DNA £A=E 8|2 78a, SHakshA|
9 ojALEAd s A 23 DNA &R s &
2 351} slgdoh &8, DNA €Ak biomarker
A comet assay & ©o]-&-3he] TlARAIS] F| A Eo]
A8 FAHEAEE Fhelste] 3E SdH oY ER
& sl e AR s Frtel 28
g 7122885 YAstaat 3o

Mz ALy

b

1. fEETA

ARl AR o e Axs|ol o] FFY
A Ert 2E2eddal]e] dstoz spud
gAlez ExAX2RE] 249 232 (diesel exha-
ust particle, <2.5 um) (DEP;5)& A}-4-3}5c}. 238
o] 222 FPAY vy (Lewtas er al., 1990)& oA
FAste] paegch JARa 2GR A HA
H-Alo] YA}=7)¥ (DEP2s)2 F-35 o] 31+ teflon
o2& lemXlem Z7|2 A2 & dichlorome-
thane (DCM)ell EA]A 3087 F W 259 &
Z3l9dvt. DCMe® FZ3% crude extract (CE):=
liquid-liquid 3=Z&) 2]l acidic (fraction 1) ¥ ba-
sic (fraction 2) componentg ¥] 8}, silica column
chromatographyell 2j8 FAdel we} EH3t

Silica columnsl] E#AZl & FHH FEHELS

L A%}
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hexane (fraction 3, aliphatic compounds), DCM/hex-
ane (fraction 4, aromatic compounds); DCM (fraction
5, slightly polar compounds), DCM/Methanol (MeOH)
(fraction 6, moderately polar compounds) ¥ MeOH
(fraction 7, high polar compounds)2 Z}zt 574 2%
oz 2233ch 4 229 A=t 498 20 A
ZA)7] & dimethyl sufoxide (DMSO)2. & &
B9 =7t 100 mg/mL7t F=% oA 5 F
0.22um syringe filter2. o 23} AJf ol ALE-3}4
o} {7144 230 -39 328y Sheme 19 v
el gic). 3, DMEM, trypsin EDTA 5 A 2l o
A eF5-2- GIBCOAHA], vitamin C 5 o] 3H3HA| k5
& Sigmartd| g AHE-SIC Rat | 22 RE
£ $-9& AN ol LAY TEHY oA 5w
S23E Fopio} ALgatale

2. MIZSMAIE

NIH/3T3 cellsol] gleirxie]l Ml Z=Ae| ot 744
E9 &35 MTTH (Cole, 1986)e] wke} micropl-
ate reader= ZA3lgic}. o]u] wjx]:= DMEM& A}
23l 0o, celle well®d 25000708 8F32 10%
FBS -5 A] 80uL oA 24A17F vk F ZA|
10uLE 7}8k3L CO; wiok7]ell A 20412 ©f wl kgt
= MTTAISF 15 uLE 713tar 4A1zF wiek &
DMSOE 200uLE 7}t =2l & 570nmellA &
=g 24sht

3. Alkaline single cell gel electrophoresis
(comet assay) A¥

e A 7}A] ¥ (a, b, ) O & comet assay S Al
A3l FlA 219 DNA &4 =8 Hrhsteon of
Hell APHEE 71€3150) A FHHE-2 a) normal
comet assay—single strand breaks 73Z%, b) endonu-
clease III modified comet assay—oxidized pyrimidine
baseE 7A&3}7] s ML & endonuclease III
28", ¢) S-9 mix pretreated comet assay - HAFEHA]
3}ol] wh2 single strand breaks A EHES A3
o},

NIH/3T3 cells& 10% FBS 4= % vl okated
oot e wWyoz comet AlFE AXFHAH
(Singh et al., 1988). ¥4 dlz BA=+E dARAS
ALg-sldet. old vlElR]l CE FAIA AW &5
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Diesel exhaust
particulate matter
extract in water

Sonication, 30 min
4 times repeat
Crude extract(CE)

Diesel exhaust
particulate matter
extract in DCM

Sonication, 30 min 4 times

Acid-base partitioning 4 times,
5% H,SOs (DCM:HaSO4=1:1)

repeat
Water extract (WE)

Adjust pH 12-13,
Partition with DCM, 4 times

Basic
compounds
in Aqueous Soln.

—

Neutrd] and Acidic
compounds
in DCM

Organic
bases

Sodium sulfate,
Rotary
evaporation

Base partitioning
4 times, 5% NaOH
(DCM:NaOH=1:1)

Fraction 1 Acidic Neutral
compounds compounds
/ in Aqueous Sol. in DCM
Adjust pH 1-2, Silica gel column
Pal.'tmon with DCM, chromatography
- 4 times
Organic
acids ;
Sodium sulfate, Hexane100mL DCM100mL MeOH100mL
Rotary
i
evapo'ra ion DCM/Hexane DCM/MeOH
Fraction 2 120mL 100mL
Aliphatic Aromatic Slightly Moderately Higher
polar polar polar
compounds compounds
compounds compounds compounds
Fraction3  Fraction4  Fraction5  Fraction6  Fraction7

Sheme 1. Fractionation scheme of diesel exhaust particles.

Foisle] ALEH DNA &4 AA|ast= Hrisig]
o} AL ME 5% 10°7)= culture dish (6 well)ol]
A1, 24 h Fo] oFAY B 10uLel DMSO 10
ULE Mk 458 F g WAz ol
1A]ZF & culture dishol] trypsin 2mLE o M=
£ harveststo] Aol 3 1,000 rpmo 2 <
Al%el F PBSZ AF F ©hA] 1.000pmez 9
A gelsholet.

Az=ds w2 Zdze] 0.5% LMPA (low
melting point agarose)E 1 mLE 7}si&E 5 72 |
A Mol 0.65% NMPA (normal melting
point agarose) 130 uL& w]g] 131 <&elo]=(fully

frosted)ol] o] & 50puLE "ozl 3 Hu|Lelo]
=% 29k RN o 3083 29 5 Ay
£elo] = A At 2 ¢ 5] 0.5% LMPAS
100 ULE Hoj=" F FAMgetel=r H3 Y3
1A 3087 FH A&l =g AATT F
lysis buffer (2.5 M NaCl, 100 mM Na,EDTA, 10 mM
Tris, pH 10, 10% DMSO, 1% Triton X-100)¢]] 7}
A o 6087 S AFE 1 F AT gEY
(300 mM NaOH, 1 mM Na,EDTA, pH 13)¢]] 20&7}
2B7F ARABIAH. A7) F A Lol =g oFF
Zzoz wgd3t 5 25V, 300 mAolA] 1587 A7)
353}t
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Zeto] =& AUl 0.4 M tris (pH 7.5)8) 3087+ &
7t F3 A1} Trayell Zeo] L & ethidium bro-
mide (2 pg/mL)E 20 uLE 22l Holz=d F
515~560nme] excitation filter2} 590 nm2] barrier
filterg o]-g-3t ¥F¥n7j oz HA3}e] S
A37](image analyzer)9l COMET 3.1 (Kinetic image,
England)& AHg-3le] &eleol= o 50 cell & #4113}
9o} 3+ endonuclease I x]2] A]¢l| = endonucle-
ase III buffer (40 mM HEPES, 0.1 M KCI, 0.5 mM
EDTA, 0.2 mg/mL BSA, pH 8.0 with KOH)ol| 30+&
7+ A1 endonuclease III | pg/mLE 30ul 713 &
AW FetLz JolA 37°CellA 3027 WA=
g HELH Foll slxlon o3t FUT 22
skt

=3} S-9 mixE 1M KCl66uL, 0.25M MgCl, -
H,O 64 pL, 0.2 M Glucose-6-phosphate 50 uL, 0.04
M NADP 200 pL, 0.2 M NaHPQ; buffer (pH 7.4) 1
mL, H>O 420 uL, S-9 200 uL& o] A= 2
mL2 zAstGom Alget A A=Y =
A F 10%2 3ket. Comet A1g2] ¥ o]E|:=
Olive tail moment (% DNA x distance of center of
gravity of DNA, OTM)$} tail length (distance bet-
ween the head and the last DNA fragment, TL) 2. v}
el At (Duez et al., 2004).

4. EAxz2|

Student’s t-testS AMg-3}5}.

z o

1. C|RE X (DEP,s)S] MEEM

Fig. 1+ DEP:s®] MEEA] AGPAHAZA] 5~25
ug/mL FEo| A= 2o vlsl] 63~66%2] HE
244 e, 50~200 ug/mLe] FxeAE
83~85%2 MEZEAE FA dA He i

2. |27 (DEP,s)2] DNA &4

Fig. 2= DEP;s2] = w2 DNALAY A =8
BeAFE oz 77 OTMF TLE vepdvh
50~200 ug/mLe] F=olA FA WA F= 9

Vol. 19, No. 4

Zx 02 DNA ¢4}bo] 27138t o= eyt

3. 27 (DEPs)2 AFSHS DNA 247 &
Absimjol o8t ofH| &

Fig. 32 DEP,5 100 ug/mLej| 4] endonuclease I11
£ A& =2l DNA 448 vebi 9o} DEP, s
ol endonuclease IIIZ 2] wWf DNALAo] =
A= A (n=2, OTMel| A} 20.4%, TLAIA 21.5%)
oz wo} oS vehbAl wstert HARA
2 DNA 9719) AbshH e4e derle ew

(%)
140

*P<0.05
10 + ++p<0.01

£33

OTM

B

50ug/mL  100pug/mL 200 pg/mL

DEP: s

Control

“P<0.05
40| =p<ool

*k

TL
N}
<

50pg/mL 100 pg/mL
DEP: s

Control 200 pg/mL

Fig. 2. Concentrationeffect relationship of DEP2s—induced
DNA damage.
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OTM

Endonuclease III

3
3

TL

Endonuclease 11T

Fig. 3. DNA damage of DEP,s (100 ug/mL) with and with-
out subsequent treatment of endonuclease III.

el

Fig. 4= DEP;s 100 pg/mLe| A endonuclease 111
E A7 P& Aok A=A Gds W kA
¢l vitamin C&] &35 F=EH2 veld 7oz
endonuclease & 22| Al(n=2) 4242 ehl}A]
Askort pEojEA o DNA £4fo] ZoE5le
o ARG Farsel Feiskch weka
DEP,s% pyrimidine 9712 AlgH &4 37
Qole o LE £4L vitamin Coh 2L AL
Al e ypdos nzd & Y Aoz
Rt (Iwai et al., 2000; Greenwell ef al., 2002).

4. /2% (DEP2s)2l cHALZA ER| 22| Al
DNA 243 CYP Xafix|9| x| &2}

Fig. 59l DEP,5 100 ug/mLei|A1 €] S9 mixture
9087t H2]Al2] DNA £A4=E Velsich S-9
mixture #]2] A] DNA £4fe] o4 QA F71&
Z(OTM 41.2%, TL 42.9%)o. 2 elgc} g3,
Fig. 60ll DEP;s 100 ug/mL$} S-9 mixture 908 X
2] A] CYP1AI x3]A] 2l galangin 3]2] A] DNA &
g} Al Esh seelEdes o4 oA e

DEP; 5 100 ug/mL

OTM
[=2Y
T

0uM 0.1 uM 1uM
Vit. C

10uM

DEP;s 100 {1g/mL

TL

ouM 0.1uM 1uM
Vit. C

10uM

—&— -Endo Il - -~ +Endo III

Fig. 4. Effect of vitamin C on DEP:s-induced DNA da-
mage with and without subsequent treatment of
endonuclease HI.

%o} wjebr] DEPy s tjAFEA3MA] DNAEA o
ZAHE Aoz uoln PAH § bguerEalel
S FHH) gom olge) Az SARYe
flavonoid®] Y&<l galangin?} 72 B2l 23
AAlEe] REAoz HEY f Qe Aoz e
Jr}(Le Marchand et al., 2000).

5. CjWEZI(DEP,s) £&52| DNA 24

Fig. 79 DEP»s% 1 £3E59] 50 pg/mLoijlA]
endonuclease 111 212] A] DNA £AIA =5 el
9lt}. Endonuclease 111 A&} A] 25 R A
DNA $4)o] Z7}%%]3 DEPys9} wlms) & o
E3] $3] F5-F7ollA¢] DNA &A=} 2 g
R
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8 - . - P
7‘, Incubation time 90 min ?
6 DEP,5 100 jig/mL T
2.
o i T
3.
2 ‘t
I- ,
0 !
- + *P<0.05
S$-9 mix. **P<0.01
50r .
45 Incubation time 90 min T
40 DEP, 5 100 ptg/mL T
35
30
g2 25 T
20 3
15
10}
5t
0
- ) + *P<0.05
S$-9 mix. #*P<0.0]

Fig. 5. DNA damage of DEP,s in the presence and absence
of $-9 mixture.

8 ~
7 DEP,5s 100 pg/mL
6
5
E 4
o 3
2 *P<0.05
| | **P<00I
0 L N R - -
ouM 0.1uM 1uM 10uM
Galangin
50 o T
DEP,s 100 pg/mL
40 i
2 30 |
20
10 *P<0.05
#5P<0.01
[
ouM 0.1uM 1uM 10uM

Galangin

Fig. 6. Effect of CYP1A1 inhibitor, galangin on DEP 5~
induced DNA damage in the presence of S-9 mix-
ture.

Fig. 8-2 DEP,s¢} 1 %3252 50pug/mLel] S-9
mixture 2] A] DNA &AM & ¥ F) §-9

Vol. 19, No. 4

)

OTM

S = N W A WL N 0O

DEP;s F1 F2 F3 F4 F5 F6  F7

TL

o LM, .
DEP,s FI F2 F3 F4 F5 F6 F7

| O -EndoIN B + Endolll |

Fig. 7. DNA damage of DEP. ;s fractions(50 pg/mL) with
and without subsequent treatment of endonuclease
HI(*P<0.05; **¥P<0.01).

mixture X2} A 52 FHJA DNA £Abel
Z7}=19l 3. DEP, 59} vlws] B w E3], F1-F4o]
A DNA &AM 7} of 2 Aoz veldd
FI-F12 255 34 AA: £39 4o
2 2 v Alsbx DNA &4 34 e] & 235
A ZA vebdon, fAHEAl sl a2 DNA &4
S FAel B ZoA A e webA At
314 DNA £A--E4EAEL DEPysoll Eol3l:
vwA FAo] E BAE 7% ez A
o DEP,s9| w|SAE&dle dAEAsrt ded
HISAEA S0 2ty gle Aoz futdd

o &

'E‘ °ﬂk] - DEP25.»] TF %A—]z_}-_g,y’lzq EA‘]
Z)Z A 2] single strand breaks YA 3} A oxidized
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T T

OT™M
O = WAL ® O

DEP;s Fl F2 F3 F4 F5 F6 F7

50
45
40
35
30
25
20
I5F
10

5

0

TL

F2 F3 F4 F5 F6  F7

1-S-9mix B +S-9mix |

Fig. 8. DNA damage of DEP; 5 fractions (50 mg/mL) in the
presence and absence of S-9 mixture (*P<0.05;
**pP<0.01),

base Aol 93t £AS FHET, S-9 mixFHF
& AlgA 3l w2 DNA £A}=2] modulation
v}e}sled secondary genotoxicants®] &) )
sh=d AF-E3 o]

DEP2s¥ 5~200 pg/mLe] A2]s=eoA 24
NE AZ5A4E Jebigde =3 50~200 pg/mL
2] AelFEeM FxoEH oz DNAELE 37}
Al 2 A7e Ade gARR HEzavws
ZE-oll 23t human monocytic cell =3 human lym-
phocytedl] A comet A|E& o]43 DNAEALS] §-
4 Qe F7HAE mud 25} wlxsiedekDon
Porto Carero et al., 2001; Scheeper et al., 2002)

7] B5-Ex Fo|= benzo(a)pyrened H]E3H
42 74 WP EAET YA AZTHHEES)
As £4e derls BAS] Tadel Ao
™ (IARC, 1989b; Schins, 2002), o5 7 %424
Bo] Aspie] S5t ofd 7bx FUH ABE
F FAF ] glgol #HA A YL er al., 2002;
Bauling er al., 2003). w}e}A], o] 7]3(22] Fl] o

28 o ok

)A 327 o] AMH| Zo| A 2] DNA &4}l w] 2] ofd 341

F TR U PARINES AP A ZLAto)
FAF sl Foh invivool A HARAYAE
9] &9l {dwai er al., 2000), 733 (Dybdahl et al.,
2003; Muller et al., 2004), 7)33=2) intratracheal in-
stillation) (Moller et al., 2003) Fo] A] 8—hydroxy-
2’-guanosine (8-OH-dG)2JAl, oxidized DNA base
A A, DNA adduct A} 4], oxidative protein modifi-
cations 5-o] ¥ ¥ v} g)c}(Pohjla et al., 2003).
£ d-follA NIH/3T3 M 2elA DEPys M3 ¥
A 7]3 %3t &elo]=E endonuclease 1112 2] 3}
% comet assayZ A A& A3} endonuclase 11T A 2]
3lA] 92 £efol oA B} OTMelA 20.4%, TL
oAl 21.5% F719 et =3 DEP2sell H:0-%8 &
AlM2] Alell= DNA &A4k=7}t Z71E 9] (data not
shown). @&} DEP,s% in vitroo| A AU DNA
2] oxidized base & QYA3)= Ao =2 et} End-
onuclease I+ apurinic (AP)ol|lA €Agl pyrimi-
dines-& A A38= N-glycosylase activityS Zal ¢}
o} kA endonuclease 1T E] 3 comet A 3 ojj A
9] DNAY] £Are Z7)= oxidized base2] &)=
)51 =77} g1} (Farombi ef al., 2004).

319, DEP;5 (100 pg/mL)sh 34 Akshy 23
2A A el vitamin CZ 0.1~ 10uM 2 ZA]4
& 23 DNA &4 9 AsbH DNA &4 2%
e oEAH oz ZhaEE AgE Jepigdd o
2}A] vitamin C9} 22 A3 = DEP.s¢} 72
pro-oxidantel] g FAEAFAAEZA7} QlE Ao
2 g} o] 2+ A= vitamin C& gluta-
thioned} 742 A= ALE-EA o] 7| iLF-2Al
59 BAE AAAFHTR= B3 (Greenwell et al.,
2002; Bauling et al., 2003), vitamin C7} 127tgl A
5 BN AR 54E Z/MAEE 2
(Moller er al., 2003)53} &) Sl Hoz gt
o} mebA invivo A7 GAFA 77 HoskA|RE
HAZz e qde] At el AFsl= AEY A
A FASAHERIEI2A L JASAe] -S4
e glch

DEP, 59l = benzo(a)pyrene, benzo(a)anthracene 5
SR weessel wol wHH WU
(IARC, 19892a). o] & H]FAIULEA L Ao &
o] A E Tl thALE]e] DNASL vi7pedA
FTHAFES 3t Sl U E opr|ARI
a2 4] 9} (Pelkonen and Nebert, 1982; Gelboin,
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1991). =3}, A RA, ARz ] 74053
o] cytochrome P4501A12] 23 & 27D B
35w} ek (Bauling ef al., 2003). & AFo|M =
DEP;s0ll S-9 mix-& *2]5l9]< wW DNA &A=/}
OTMoNA 41.2%, TLe|A 42.9%}F ZA] F71€ A
©2 Hobd DEPsolt thate] daitaa whes
57 F45e] 2le Aoz 2y

=3}, cytochrome p450 1A12) AaA = 2 o=
Z dE flavonoid#H3E o] s}l galangin
(Heo et al., 2001)& DEP,s¢} &7 0.1~10uM<&
Al S | =2 JAAGFE Helid
t}. Arylhydrocarbon receptor agonist¢] P—naphtho-
flavono] CYPIAlE $-%3}11, 7-ethoxyreserufin
O-deethylase (EROD)EA-& Z71A]7]9, CYP1AI
inhibitorel o-naphthoflavon (ANF)2 benzo(a)
pyrene % DNA &4+ A A Z ek 237} Q)
t}(Annas ez al., 2000). @We}A], DEP, s o ALEHA
3lol] o8] FHSAE doF)= 23 YIEAEE
FHatar glew o] 22 EBAEL galangind 7
< dAA S Al 23] FAEAe] A e
2 Beldh

FlavonoidEol] 2|3t v}shilskz: eldl4aF-0] 4
AEAAGA At B2 d7A%E] BRaE1 9l
o} (Das et al. 1987; Heo et al., 1992; Edenharder et
al.,2003). $o & invivod T F JAATFE ¥ 2T
o %2 #H 9771 e DEPyset 22 ¥
AEAAEAL] x&29Ye] B AREA flavo-
noid (e.g. galangin, quercetin)e} 3+ cytochrome
PASOIAR S| Al 7F BAAZEAE eld +X% S
Aoz Bddc}(Das er al., 1987; Heo, 1992; Quadri
et al., 2000).

&, DEP2s9] -3 5ol A& DNA &4 =%
A8t A3 DEPy st ¥8E0| &4 =rt . Fl
oA Fooz Z4E FAo] Axl: ¥ BAL
2 & 9 A3 DNA 42 340 & #3E
oA ZA JeFg o, A Sl mE DNA &
Fe FAel B FolM ZA el wleiA
AbERA DNA $AMGEBAE2 DEP s Bolsle
Blwd FAle] & BAEC| 7|l & oz WA
=5, DEP,s 8] SA 23 &= HAIA s das)
221 tEAEo] Bxsly gl Zloz dxtdn.

A

Vol. 19, No. 4

2 £

& 97Xt DEP.s9] DNA &= $4E 9
gt 7F3t biomarker 722 0 2 comet assayE
43 3} DEP,so] F28 ¥ 7hA $2d547]
dal A2} DNA &4 dAHHA] 31e) )3k DNA
cAve gdoz WY 4+ Uned et
2 AES d9ich

1) DEP2s= NIH/3T3 M| Zol|A] 5= &Moo=
A EEH 3 DNA £4€ vl gk

2) DEP,s%= DNA g7]el AF2H4 DNA £4-8 o
2.7% AkstAQl vitamin Cofl &8} F4H ok

3) DEP2s= WiAHEAIEtel )3t DNA 438
Z7kA171% CYP1A1A3]Al 2.4] flavonoidg! galan-
ginol Jsfe] 725 Ret.

4) DEP,59] 352 DEP,sE.t} DNA &4} =7}
Ao IHLYIN Ad st Aznen
M3 RAAE AR BE £} 7
A

o4& 293w DEPuste MEZEZEAFA 7
DNA &A1& of7| X719, A8} DNA &4 dA}
Azt 213 DNA £A35718 velligle, 8
A DA AN o) ey 4
Uxeh B AFAIY, AR A M Zel A ]
DNA £452 Setalel 3% SQolyBAe
Foohn e DAeAle] SASR e 249
7|12A8E 9% 4 90g9em comet assayel] 2J3t
Haeae] QA Aa8e ke deE F2
W AhezA A8d Aes Ardd

>

N

#Aate 2

2 AT 20039 B4R ARAYRY7E
84 Ak4 (Eco-technopia 21 project) A| o2 43}
Hgler ofo) FAl=glE wleldl

o

} 1 ?_J

Ho

FH7 3. 37, 2000.
Annas A, Brittebo E and Hellman B. Evaluation of benzo
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(a)pyrene —induced DNA damage in human endothelial
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