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53T E o= AA WelA A =% superoxideo] 93 FEEHE

o

A A hydroxy radicalS A4 3t=d (Kawanishi et al,
1986) T &AkstEo o gk Ao Qo] o]t hydroxy radical?} -2 &Ad4F
Zoll o3k Absbd EAFo] st Ao® Wyl du(toh et al, 1995
Kortenkamp et al., 1996).

Fenton-type2] Hk-3

GAgatael % FdA B AkskA Y diEAQ 22 DNAY
8-hydroxyguanine (8-OHGua/8-OHdG)2] A3 AlX o] AAHE X = 3at
3} (lipid peroxidation)& A Z &2 ate] Wo] A ®Huxo] ¢t} (Herman et
al., 1999; Kasai & Nishimura, 1984). 8-OHGuat A& oA = & WAL
A B GANAE FEcte sFE dal] dAA AAEE= Aol Hiaryo
glom o]7l9] 282 DNA polymeraseit-3-ol A GC-TA transversions %
A= Aoz ddAd dvt (Kasai et al, 1986; Shibutani et al, 1991).
GC-TA transversion< ras gene®] condon 12 = glycineS codedst= GTT=
Moty o]2 13t AM|X 7} malignant transformation® & o] H il xo] 9l
o} (Kamiya et al, 1992). 53t DNA<C 8-OHGuags AAs= &

L g gtol A THEeEZN olgfgk 8-OHGuaw™ HIAB A1 A7t AR o]

PSH 7%= kAT

b AL
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(bioavailability), $}8t& 2] &/ (chemical speciation), =873, A d 34,
DNA¢% Az¢] Hoagom ol adld wet Alxsd 2 Fd5d 2971
Fe-drh. 37 279 Aee A 5o & F Axd FR7F gA gou
67} AES %ol ¥ M=A| (anionic membrane transporter)E F3] A

of AFslel 37k Ao BUANE, AL Y2 e Fole 67} 2F A

50

+ DNA, RNA, ©id &3 728 A& (macromolecule) ¥} WH-E-3}%]
o FdEol Az 37 AFolY FAFTAER] 47 AE5H 57 AF5S A
ket &7 Akl RbEEHA He Ze® Haso] 9tk (Singh et al,
1998). & 67} AF2 tAbA R 3ol dojuwa] dA AR AbsidE <l
57V Aw¥ 47 AFE DA sAld &4 AFAFE (ROS, reactive
oxygen species)?] HE|E Al3}A ~Ed 2~ (oxidative stress)ES WA A 71t}
olgig &4 taF (ROS), w3t Aabdee] 57 a5 3 47F a5 a8 ¥
=4 2 FEd 7 AFY 22 FEES DNAS F548S T 5 39
ek Moo FHasAEAE 2T S 67 A7 AXE W oiAbA g

o] oW FHAA HE2e&S do7|7] 9 HdAxe] @At (Kortenkamp, et

A w7kA 9] Bate] oshH AEo] 93 %= £ 2dE genomic DNAY]
T4 &2 Aksld DNA £7449 3k FEQl  8-oxodeoxyguanosine,
DNA-DNA 7}xgA (DDC), Cr-DNA adduct, single-strand break, DNA-%+
W 7hugA (DPC) 2 XAl o5 & o o3 DNA #HW&

Z ) 3t=4d DNA polymerase®] ¥ 33} DNA E-A| A 3],
RNA polymerase ¥3 3} ZA} (transcription)®] #3&], DNA topoisomerase?]
A 2 EdWo]l (mutagenesis) T°] HiEo] 3t} (Bridgewater et al.,

1994; Manning, 1992; Tsou et al., 1996; Xu et al., 1996).
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1. 3st=d

ATtdEdd AFstdeE T84 67 A5S £ de AFA
YEH (NaCrO4 - 4H,0) 2.2 4% 98.0%°] Aol U Junsei (F)ollA T3+
Alekg 19 (Lot No. A013438501)S AF-&38F%it.

Az ol DNAS F=3at7] flaf AH83 DNA extractor WB Kits=
Wako Biochemicals (Osaka)oll A -wljslo] AF-8-3FSi Tt

Proteinase K 2 2M sodium acetate= Applied Biosystem (Foster City,
CAAA  Fujste] ALE3t 2™, Nuclease P19} alkaline phosphatase
Sigma (St. Louis, MO)9lA] Z18] 3L protein assay kit Bio-Rad (Richmond,
CA)ll A Fufsto] AREsEATE o] 9] Aoks W3l Lo AEs
sho] AR-83t3d

MDA =7 AF&3} trichloroacetic acid % thiobarbituric acid® SigmaA
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rlo
b

2 AbgEtglon, dake MerkAlE A&kt
2. A FE 9 A 587
Ades=2 10799 54 B4 FA (specific pathogen free, SPF)

ol Sprague-DawleyAle] 3 HE W3t EAFAE A EF ol barrier
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FHAHY 7F A7 sEE SA5H] fdA= PVC o %A (pore size
50 tm, 37 mm)= 7§l A& A # 7] (Personal air sampler, Gillian, USA)ol ©]

&sto] A3 TF7] HAANA HEt 75 15 £/minS = 44X F<t
AmE AHFH A

g FTLE A2 Wang & (1999)e] EAIWFH Sl ’'ultrasonication and

OH

7l 5

strong anion-exchange solid phase extraction method‘®l &3} A At} ). =
AATF AEE 15 m H22" A4 Fgyde &AM 10 m 005 M
(NH)2S04/0.06M NH.OH (pH 8) €¢Z8& < 10 m= H7Fe § A2 30+
e 2 B AT 25d 23§ 4S5 He 3 mE strong
anion - exchange 7ZFE @ Ao Ytt o]AS 3 me Z=HFE A F 6
7F AFL % 2 wl/mlelA 05M (NH.)>S0,/0.1M NH.OH &

3 mA 33 FH7FeE 9 meelld EHAIAT. EEAZ EFos 37% HCIE
100 & H7bstel AHgsiaATh ©l7]e] 20 mM diphenylcarbazide 2 m(E
A7 e & FAE 67F A2 EIAAES 540 nmollA] UV-Spectrophotometer

(Ceil 3000, England)® =743}
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X-1000.2 ZA3 AR 600 et 19% HNO; 20040 FH3te] o 7)o A&

AR 200 e &3 § AP RAGAG AsA s FHFA 7 F2E 5
O:] ko) o2~ bl v
AR A2 F B3F=A (GF-AAS, SIMAA 6000, German)® =7t}

& dalE ol e
A8 Ame AAUS 9a% 125% (NHAZHPOASH 1% Triton X-100-8<
AF-&-3F A T}

GF-AAS+= Ax 394 [194]: 50-80 T (40%), 29+A]: 80-120 T (10%x)
3HAl: 120-400C (30%)], 313} 34 [19A!: 400-600C (40%), 2¢tAl: 600TC
(10%), 39tAl: 700C (B5x)], 9A3} @A 2900C GHR)E 2Lz aS AA
st om BAnao 3579 nmE 48]t}

T8R4+ 1000 ppm (Sigma)e] ZAFYAES 1% HNO3Z 3435t

05, 1.0, 1.5 pg/de= ZA ko] THESIT

6. 2% Fx U7 2% ABHE 374



dolel oz WAste] ug/l, ug/g creatinine® = FA| 8} T}
au]Ze anEA (UCT-1, Japan) ol &3te] 2dsgn 9% Adobl

< MRS dAdEY A F Aeds AseEA 7] (Olympus AU 400,

rr

Japan)E ©]-&3to] Jaffe method® A8t 8F AFs=9 A=

0.10 pg/ ¢ ©1 Yt

7. AxA A2 8-OH-dG %4

Hx2 9 8-OH-dGE FA37] YallA=  Asamies (1993)e] WHel 3t
o] AAEAE 4 DNAS %37 Jalds dlzde 714 AAe 1
Z2 °F 200 mgoll lysis buffers Y] Potter-type?] T EX|Uo]x 2 43}

A)
Atk 723 E nuclear DNAE DNA extractror WB Kit (Wako, Japan)&
s
[e)

e wHow FE3 DNAE nuclease P13 10 mM sodium acetate-§ <Y
o2 WE acid phosphatase® 4 3A1A 37ColA 3087F incubationAl 71 *
A7)18tetA % (ECD, electro chemical detection)o] 7HES doZ4 e
iodide iong A AsH7] 9 o] 2342 Q1 Muromac (Muromachi Kagaku,

Tokyo, Japan)< @&tk thA] 15000 rpmo 2 587F JA R 715 A+



S 95 Ultrafree-Probind Filter (Millipore, USA)= =7 1&%F 10,000 rpmoll
A A E g sk #7]384831 % 7] (Coulochem II, Model 5011, ESA Inc., USA ;
guard cell, model 5020 (0.35V); analytical cell, model 5011 (electrode 1,
0.15V; electrode 2, 03V)9} UVHAE7I7F F2% L&A A2ntE T2 9
(HPLC-ECD system)® #4399t I AE25 20 e deoxyguanosine
(0.5 mg/ml)¥} 8-hydroxydeoxyguanosine (5 ng/mf)e] &SNS FASEA T o] W)
Abg3d HPLC #ZA#HLS Beckman Ultrasphere-ODS  (4.6x250mm) 1 2.1,
elutions #1314+ 8% methanols X33k 10 mM<e] NallL,POE A3
8-OH-dGE= 10°9] guanine residues@ 8-OH-dGS 42 A+t olth.

8. Az FEANA Y 8-OH-Gua FHELTHE 2

AN
o,

8-OH-Gua 884284 E =A35t7] 98l += Hiranos (2000)¢] HFH o

3%+ Base excision repair activity assays the3 Zo] AA| 3

ML e Ae] g

M

DOEECESLE

Hz2 el sk (2F 100 mg)ol buffer A (50 mM Tris HCI, pH 7.4; 50
mM KCI;, 3mM EDTA; 5 mM magnesium acetate, 3 mM
~mercaptoethanol) & % ASEoA dAZSAZ = dAZE AT (15,000
rpm, 40%). Hx2F FEAQ FedL 80T BESFT. FEdo dig ¢
Wz o] S bovine serum albumin (BSA)E XF&NS=Z 3lal protein
assay kit (Bio-Rad)E& ©°]&3te] &34 7] (spectrophotometer, Simazu,

Japan)Z 595 nme| oA FATFom AAjsiny. @uid Aol &t A



258 7t A2 UM EdsEEE 5 ng/mlE ZAs] F3h

8-OH-Gua & &4 @AHEES 54387 95kl 8-OH-dG residueE 1
Hide]  Xesta ols  ¥3F 2% 22-mer double strand®] @A
oligodeoxynucleotide (5'-GGTGGCCTGACG*CATTCCCCAA-3’ ; G,
8-OH-Gua)E Dr. Kasai (& AFie]atefshol Al Algwtol Abgetion o

WS Figure 13 2k}

oA HFEN (F dwWd=m 50 pg)S 0.05 pmold double stranded
DNA substrate®} &3 A ¥ A oligodeoxynucleotideE 7 7}sko] 25T o] A
1A1ZF incubationA Z1Th o] &4 0.3M9] sodium acetate-& <7} o &F&S
Fo] -80Tel 600l WAlgh ¢ g sttt (13,000 rpm, 20+2). 80%9]
o et& & A 3e & Speed vac (Tomy low Temp. Trap unit, Japan)olA A
ZA AT AFxA 7] AZo] Auto Load Sequencing Kite] AR A3} ZFHF S
= HA7bete] & AR 5 90TolA 2&3F incubationA 21§ D50l A3 A
20%9°] denaturing polyacrylamide gelollA 7|9 53t tl.  Base excision
repair activityell ™3 ZAy= AAE = excised fragmenti= Pharmacia ALF
DNA sequencer (Fragment Manager, Ver. 1.1, Amersham Pharmacia
Biotech, Uppsala, Sweden) = 4] 3} ¢t}

AN EY AAE AA 22 mer oligodeoxynucleotide?] &4 =o t3t

11 mer®] &%= HAER ALttt

_11_



crude enzyme (protein 50 ug)
substrate (0.05 pmol/ ¢ )
competitor ( 2.5 pmol/ ¢ )

25C, 60 min
0.3M sodium acetate sol.(1mM EDTA + yeast tRNA) 1010
EtOH 100 0
-80C, 60 min
% 13,000 rpm, 20 min.
ppt
? EtOH washing
13,000 rpm, 20 min.
ppt
i dry up with speed vac
dH20 10 ul

2 ul (0.1 pmol)

l sample buffer (Pharmacia autoread sequence kit) 4uf

90C 2-3 min
Apply on Pharmacia A.L.F. DNA Sequencer
<700V, 38 mA, 34W, 45T, 150 min.)

Pharmacia Fragment Manager Reading

Figure 1. Flowchard of 8-OHdG repair activity assay

ppt, precipitate

assay buffer, 50 mM Tris.Cl (pH 7.4)
50 mM KCl
5 mM EDTA

_12_



9. Aol Aol A Apirste] 54

Aol o ¥vhE FY F2AZ dAFe dduy FHE AF A (lipid
peroxidation)®] & dd U plasma lipoperoxideES <Aoo &2 7HE & A A
71 2FE9l malondialdehyde (MDA)E #Aste] ZA3=d Al @A
thiobarbitic acid®} adducts B AIA F43F= 3OS =E Nielsen 5(1997)9] w
Holl =3ake] A A8kt

=, 3" A ¥ vacutainerd] A® FUFZFEE FFH Y EHolsHoA A
A NS 2500g0 A 5E7F AAlEE et s EEskth

# 3l &3 TCA-TBA-HClI ZA|AeF ( 15% w/v trichloroacetic acid;

AL

0.375% w/v thiobarbituric acid; 0.25 N HCDS 1:22 &3sle] & & ol
Al EE TheEl REgAIZITE HbEo] By o]E 4% S 1,000g0 4 10E7F €
Adglst & 53nme]l Il A ¥ 32 Al (UV-spectrophotometer,
Beckman U650)2 ©]&3le] MDA %5 A3tk o o Ws&Eo] v
= B21E&4 A4 (molar absorption coefficient)E 156 x 10° M 'Cm '2 3}

tgel Ao Az

Molar concentration, Cm (S) = E(s) - ERB) Fv
(mol/L) ed Sy
E(s) : sample extinction

E(RB) : reagent blank extintion

£ : molar extinction coefficient, 1.56 x 10° M 'Cm
Fv  : final volume
Sv  : sample volume

_13_
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2a9ES o8&, ANOVA %

A

4= SPSS 10.0

9]

‘(H

&} 7]

qo% A4

S %
s}

<A
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A3 AT+AH

a8y g2 AdEde A8A JEFO E ZEFEE (018 mg/m 2
090 mg/m'ojRorm=z AA Z22HE FAHATEE SXFEHEY 9 10% 9HA =
A= ATt

Table 1. Airborne hexavalent chromium concentrations measured from sodium
chromate mist-exposed inhalation chambers with two concentration

levels.
exposure No. of chromium concentration (mg/m’)
duration o0 GM (GSD)
( 10 samples .
wee Low exposure High exposure
1 5 0.151 (1.15) 0.813 (1.32)
2 7 0.148 (1.35) 0.776 (1.32)
3 5 0.155 (1.26) 0.794 (1.32)
total 17 0.166 (1.20) 0.794 (1.29)

low exposure, 0.18 mg/m’ ; high exposure, 0.9 mg/m’

_15_
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Table 2. Mean chromium concentrations in whole blood, erythrocytes, and
in urine of rats exposed to sodium chromate

GM (GSD)
exposure
duration .
(week) Cr in blood t(l'ir mt Cr in urine*
(ug/ 2) CryIrocytes (ug/g creatinine)
(ug/ 0)
a low high low high low high
exposure exposure exposure exposure exposure exposure
1 5 19.87(1.17) 175.07(1.10) 27.78(1.26) 273.59(1.12) 189.19(1.10) 934.76(1.05)
2 b 2423(1.15) 25521(1.12) 36.80(1.20) 419.08(1.10) 145.20(1.12) 385.74(1.10)
3 6 28.03(1.55) 269.22(1.17) 46.36(1.66) 437.93(1.15) 163.42(1.07) 840.43(1.10)

a, number of studied
*, p<0.001, ANOVA test

low exposure, 0.18 mg/m' ; high exposure, 0.9 mg/m’

il

i)

’
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Table 3. Correlation coefficient matrix among selected study variables of rats
exposed to sodium chromate

Log Cr-A Log Cr-WB Log Cr-E Log Cr-U
Log Cr-A 1.000
Log Cr-WB 0.942 % 1.000
Log Cr-E 0.946%: 0.994 1.000
Log Cr-U 0.824 % 0.798x: 0.825%: 1.000

Log Cr-A, Log hexavalent chromium in air (mg/m’)
Log Cr-WB, Log hexavalent chromium in whole blood (ug/ ¢ )
Log Cr-E, Log hexavalent chromium in erythrocytes (ug/ /)

Log Cr-U, Log hexavalent chromium in urine (ug/g creatinine)
w% p<0.01, Pearson’s Correlation
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Table 4. 8-OHdG levels in lung tissue of rats inhaled with NaxCrOy4 - 4H20

8-OHdG/10° dG (mean * SD)

Exposure
duration N (% to control mean value)
(week) control low exposure high exposure
0.25 + 0.05 0.44 + 0.14 0.36 + 0.06
! ° (100.0 = 20.4) (174.0 £ 53.6)* (141.7 + 22.3)
0.30 + 0.07 0.32 + 0.04 0.32 + 0.05
’ ; (100.0 + 23.7) (107.4 + 13.8) (108.1 * 17.4)
0.27 + 0.06 0.29 + 0.03 0.29 + 0.12
’ 0 (100.0 = 22.6) (1049 + 11.2) (104.9 + 39.69)

a, number of studied
* p<0.05, Multiple comparison versus control (Dunn’s method)
low exposure, 0.18 mg/m'; high exposure, 0.9 mg/m'
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8-OHdG levels in lung tissue of rats inhaled with
N azCrO4 . 4HQO

* p<0.05, Multiple comparison versus control (Dunn’s method)

4. 37 ¥ ZZNA 8-0HAG 3|5 &4 A (repair activity)

EF (NaxCrOs - 4H0)= 59 F2AZ 259 Az 44€
&4 AFEY 8-OHdGel wigh 3Ha4a A= (8-OHAG

Al
repair activity)E =43 A3} Table 5 ¥ Figure 29} 7ttt

157 AEF BER §9 E2A7 349 A ABETAINE fx
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Table 5. The repair activity of 8-OHdG in the lung tissue of rats inhaled with
Na:CrOy4 - 4H20O

Exposure Repair activity® (%)
duration NP
(week) control low exposure high exposure
1 5 5.5 + 54 484 + 4.3 445 + 6.3%
(100.0 = 9.7) (872 + 7.4) (80.1 + 11.4)
9 5 555 = 2. 454 + 2.8% 43.8 + 5.9%
(100.0 = 4.9 (81.7 £ 5.0) (79.0 = 10.6)
3 6 55.7 + 9.3 496 £ 5.7 472 + 59
(100.0 £ 16.7) (89.0 = 10.2) (84.7 £ 10.7)

a, Enzyme activity of fluorescence-marked 11 mer oligodeoxynuceotide to that of 22 mer
substrate enzyme activity (%)

b, number of studied

* p<0.05, Multiple comparison versus control (Dunn’s method)
low exposure, 0.18 mg/m’; high exposure, 0.9 mg/m’
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Figure 2. The repair activity of 8-OHdG in the lung tissue of rats inhaled with
NazCI‘O:; . 4H20
* p<0.05, Multiple Comparison versus control(Dunn’s method)
low exposure, 0.18 mg/m’; high exposure, 0.9 mg/m’
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Tl A= 8-OHAGSF MDAS] sk =ZF W5 ZddAs JelA &

32

9. w3 AEEA 53 AEA 8-OHAG levelsh MDA®] % W7k 4

U BEHA Sk

Table 6. The Malondialdehyde (MDA) concentration in the blood plasma
of the rats inhaled with NasCrOy - 4H>O (umol/ 2 ).

Exposure MDA (pmol/ ¢, mean + SD)
duration N° (% to control mean value)
(week) control low exposure high exposure
e . 451 + 0.50 5.63 + 0.24 594 + 0.62
(100.0 + 11.2) (124.8 = 5.4)* (131.8 + 13.7)*
o 5 2.35 + 0.22 2.81 + 1.10 314 £ 1.21
(100.0 + 9.5) (119.8 + 11.7) (135.4 + 24.6)*
5 6 344 + 0.33 409 + 037 413 + 0.21
(100.0 £ 9.70) (1189 = 10.7)* (1199 £ 6.0)=

* p<0.05, Multiple comparison versus control (Dunn’s method)
4 p<0.05, b, p<0.01, Multiple regression by dose variable
¢ number of animals studied

low exposure, 0.18 mg/m’; high exposure, 0.9 mg/m’
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Figure 4. The Malondialdehyde (MDA) concentration in the blood plasma of the
rats inhaled with NaxCrOy - 4H,O (umol/ 4 ).
* p<0.05, Multiple Comparison versus control (Dunn’s method)

low exposure, 0.18 mg/m’; high exposure, 0.9 mg/m’
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g =EF AHHY A FE AEFHFE AFITEL wE25F, 2
o Ax7E AWolAMe faiAE 2 EHo Ay, dAe AV Tl 9

% S3ue 4RSE wo) Pl ol §Hol gu

=

2
APdon vl o] wEPARTR FARGE Ao AAHIE
%

t} (Harzdorf & Lewalter, 1997; Lukanova et al., 1996).
=

AE E3 67} A2 AFAY (in vitro) =2 A (in vivo) AT
e BHEe) dgrrae] wEw {44 % (genomic level) &2 Al Z 4ol
A AR o] (gene mutation), DNA ®™  AdjEAstAd o] A&, AlXF7]H

3}, apoptosis, premature terminal growth arrest, A ZZA W3 (neoplastic
transformation), Ats}d &4 TS dod|= FHeR HIuH 9l
(Bridgewater, et al., 1994; De Flora & Wetterhahn, 1989; Elias, et al., 1989).
67F Aol ofg ekl M= AP F= Aol g g xAbel A
I ool AAEY gk, A5 R A SEAY S84 0w R
At el el AAIgE AetzAbA el maw AF ZEAE] QoA HFTH

.

e, E571% 2 JHEAY 5o ol ¥ olye =2 & oW AZF Fof 3
orS H|E3E TF7A dS fdsteE Aoz ®BuEo] ¢t} (Ishikawa et al,

_27_



1994; Kortenkamp, 1997; Sorhan et al., 1998).
olg gt Faldol A AR ZERHE A AAHIE 93] A

48 ¥m #RAoE wedn Ao (=%

e wE27)+S

FU.L
O

NIOSH, 1994; ACGIH, 2000). &7 & &35 % 67} A55% °f
2o WA FEAEA 8F AFH ¥
HE Hu 2 AATe s FAAQl Heke] fdAde i Az 2 ogltt
= AHES 7HAL A

oA Aol Faeb oF B Ao B Adel dasirtal o AX
I s% 67F AEe BdE EUE P 913 AESH ZA] A7) o F
oA g F=2 AFFEIEAY] Y "G5 o] &3 dA o] ol Ay
A2 A w3S AAgto =z F7] AETE FT AR (early biological effect
marker)?} W2 %= A% (internal exposure marker)e] Athz w7k o] 3k
B2t 7Fss A ® Atk (Choi et al, 1987 Nagaya, 1986; Nagaya et al.,
1991; Sbrana et al, 1990). 12y thF-&Ee] Aol = WA FE2ARZE F
2 AYolgdoer BAYT 9% AFS MY on AFA%e] dFES &
2oy xzao] ol FAAel Y 2 A A Aol 4ol Wk Zpol 7k gl
A FAALE Fog FUFE YEd AT EIE AFoldlth

g

web] 2F F2 F oA Azl AW 5 w4 Qe ol et

i,
ok

of o2& AEITAH Wz F r|dAld #AY F dE FY FEe AET
A g3 == dk8 A FE (biologically effective or response marker, Shulte &
Perera, 1997)¢] Qo] 7z o] Sk},

67} ZEo Z2ZEW hydroxy radical 53 #& EAAATE A B, o]
A Aol AAE FoEe MXEU DNAo| FHAS &3S dov|w oy
st DNA9 &4E5 5 H4F9 guanines C-8 Ao Al F4tslsle] 8-OHAGE
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A el = 8-OHdGO dlgt Woj7]do]l EAjst=dl (Chung et al., 1991,
Kasai & Nishimura, 1986), E. coliel <£A3}= 8-OHGua endonuclease:=
Fapy-DNA  glycosylase&}il &3]  endonuclease acitivity® o}y =}
glycosylase activity®= 2ztal Jth (Tchou et al, 1991). Al&el AE o=
8-OHdG%HS Al 78t endonuclease’} €A 3to] AZ5H Aoy (Chung, et al.,
1991; Tchou et al, 1991), ¥f&E=A ¥4+ endonucleaset= HHE2
8-hydroxyguanine  glycosylase’}  Jol4  DNA  A4E o NE
8-hydroxyguanie®] TS5 A7 EH2 2 oA ®rh (Bessho et al., 1993).

B AT A3 67 A8 Aser Fryd 2 F FARE F¢ 8-OHdG
7F BRI EutE Ao IRy es FS HEdlAdey &7 e 4

olg} =3t W 8-OHdAG repair enzyme? &4 23|8 HgHUY AFE=Z

AHA 7 AFZ R & PFgFS whol AV Fob HAAToTH EF 27
AAE 8-OHAGY 35E 7]59 93 & 4+ glo] dA]d oz 8-OHdGe %

2 BEAIN e Aew AZRAT a2 ol @ ErBlARAE A
!

=



= W& (neoplastic
transformation)o] 3t AAxACZ o AX 1 Qvf ZES vthakd MY
A =54 B¥Es Yeida ols T oW AES AEFV] xd aga
apoptosis®} £ A XxHgE #HFET. Manning?} Patierno (1996)] H. 31
of wp=w wholyA (carcinogenesis)¥ apoptosiss AF3FA A~ E ¥ ~(oxidative

stress)9} 22 Aol welt dojur|® Y FEH O FE myc, bel-w Z p53

o

W 2o - 412 (common regulatory gene)S &-F3til 2t} Singh %

(1998)2 =& ZFo o3& LA3+= apoptosistE AFZE 5 FA7F Yol &
A ZdAmol: Hojx= 2H ] A|EFT] o)A} ALpof . FAEo] & of
71% = apoptosisi= AZ@A oz ZdAWo|Y Wekupye] xEd rteAd gut

=
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