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Mechanism of Metal-Induced Cytotoxicity in CHO Cells

ABSTRACT : This study was carried out to examine the mechanism of mctal
cviotoxicity  through several in vitro test systems. Dose-dependent decrease of
cll survival by Arsenic or Chromium was observed by colony forming assay.
Arwenie was weak mutagenic in inducing HGPRT point mutation in CHO cclls.
The frequency of chromosomal aberrations increased in a  dose-dependent
manner and the most frequent type of chromosomal aberrations induced by
Arsenic or Chromium were chromatid type deletions. Ultrafiltrates of culture
mecia from CHO cells treated with Arsenic or Chromium induced sister
chiomatid exchanges(SCE) in CHO cells and they were also able to induce
lipid  peroxidation in CHO cells. Selenium decreased the frequency of
chromosomal aberrations and lipid peroxidation induced by Arsenic. Sc¢lenium
also decreased the frequency of SCE by ultrafiltrates of culture mediaz from
CHO ccll treated with Arsenic or Chromium. The results suggested that the
ultrafittrutes of media from CHO cells treated with Arsenic or Chromium contain
clastogenie factor(CF) and lipid peroxidation might be involved in the formation
ot CF. Tt was suggested that indirect effect through formation of CF as well as
direet effect on DNA might contribute to the cytotoxicity of Chromium.

Keywords @ Metal cytotoxicity, Cell survival, Arsenic, Chromium, HGPRT point
mutation, Chromosomal aberrations, CF, Sister chromatid exchanges

(SCE), Lipid peroxidation, Selenium
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A9l

11-,"]-9—°] DNAQ} adduct& BAF}A F=t= Klein et al, 1990
e Dr"'\k 1991) AbAo]l BEAAM, F&ol 3 Edwo] fuagde Aol
svh el Aol B FEe AL A Fodvh ALdHEL =
¥ ")]W' hraabgo A 243 9¥e FgE Aol @y ¥4#A UL H(Ames,
13 Joenje, 1989; Cerrutti, 1985), B2 3484 gloly B3 4l A% A=
o Aeayis: A9 Fa vk wrgAdo]l & AFA (Reactive oxygen species:
[0S)7E DNAS X3 M2y BExd g3 Adazde 2 g4 Jded, ROS=
DNAS ) SR AsE 37 dEd 53 29 e 5 sd¥els
B Ax o] wlg oA 3ehA wgEAE DNAY A AR s

) u el 2T Zd¥el @ fAAS A& AT &oldit TEE
1& Zoivlo] fabgel ROS7F BRodshe A& &) S8 BAE DNAC A
(MeBritge, 1901) 2 T2 (Tkeshelashvili, 1991)& A3 A&l vehte /U0
ehde]d] Fert & E2E4Eo| L0 wEt gy ueiden Aitd AAAE A
Jalslgnl E@doelrt HA Jehe Aoz nFo], F&0 i A" ROSTH
o] fuTAe BAHE AL 44 AN Huang 519942 CHO Al Ze]
Nio #glalAl 5| AkslE(oxidants)® %ol ZF7Fsta H0, 2 A Z#4H3H(ipid
peroxidation) 7 28tk Buste] ROSIF Nigl 2@#go] #osof gledas
720 & AlArsE Tk

B A welios g3l YAT (ARC, 1987) BEAPNA Y] d¢HS B&
& o}olv] 7] ookt o) ¥ Aole MEL AAH &4 (oxidative damage)ell T
Fo] ¥& 1182 8 glutathione peroxidase$} catalase®] BAJo] FEAE7} ALE
dqaach 21z 3u) 2 guiuk © =] wEel AubAEQ i &3 &4 rhsAdel
Aol A 0w 2ote Aoz 49 £ glon (Lee & Ho, 1994) ERE ©] A
S Eo °] NEEA0] AfFugd 23thte A& AAE F1 U,

mee ezt @ BB RROAA ddEAde] d8A e 372 ECr(IDS

2, mlﬂl ‘2

ol
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IARC (10501987l A IZEE the 23 BF3E% SUdAFY FHE Group 3 &2
Sl W 67F3F Cr(VDR B 983 AFEY $AE EUE 9 Group 1
CROREACAT Cr(IDe AlEEE g4A B3 17 i 93", 257149
F 7 Al HA ZRske ¥, Co(VD)L 774, £&7], 958 3 571 7hsst
vl E e Cr(VD2 A Eel di8 289 oF 90% BAEE AAste CrDIHE
o) glEokn gElAd ok JerE {fA3 ERC Adste TFEA 9
Rloj9l> (p(VDe2RE AEJddA AAdFezl Crlez FZEojxct Cr(V)
of wlal (e}l @G ¥ LdAFY AF7 BFH3 olfF2AM C(IDY ME
W F-F(ccllular uptake) 58 HE£L E £ Yed o33 AEF9 EFI AZTY
WAL wiEol 259 fAH 549 7]dL ofdxE &d3d] olsEA Bi 4%
o]t} (Leonard & Lauwerys, 1980; De Flora et al., 1990).

g3l A} (antioxidant) 24 2H8-3t= A#lF (Selenium)S AfetuZre] F3 4
oz Aoz HY AHdE /53 AAFEES Fdd FAS= AL 3
glutathione peroxidase® 47l ZFujolt} (Ching K. Chow, 1979). Clement &
(19902 AHlF2 A9 7)sg JYehddun BEuslge™  Schrauzerst
Sacher (1994)€ uiolalaut Mgl o3 ZYE H EF W8 olFd AAEAE
dME B AfeitdEo] AAETE Abdo] 4HA o|F A HIV #4
HFAES tdes 3 dFoA delw 4olaez Ha AIDS F4o 34
HA 1 APAG7 ALdHATE AdFHE BASPT E Mary § (1992)& 7=
', T, TE, Bla FY F4522 QA% AEEAS A wo] #AAZIYE Bu
7F Qo) ol 7R o A 1AL g UA & AAolgtn Y. ughA
A iiol st BlA B ZEY FAdo] SEntH o] EJ HlA E HBog Q)
oAz Asld EA7IHE FHE £ Ao vld B olye FF4 Avto) @
gk Ao} ARsE A 71A-e #Eld = o3 AR HAUA @S AAHo
24 9} o g o] Hokol #FEE B A3/t el (Lee & Ho, 1994).

Fir-hol 018 GAA o) dfdolul DNAEE Fo] % DNAJ Z{Foa A
vhrhubz] b, AbaeitZe] #od B FA FEez YelgA =W, Emerit ¥
o] AQEt clastogenic Factor (CF) 7} A& 7FsAdol Ut xo]lEAo] AL
E4E #ul DNA o9 A7 ukgste 2313 3t wiAES ¥A4stn o] v
FRioll o] gk A3zt FAA olde 2 yeldd olE CFat B &t (Emerit, 1993).

ol




Z DNA o199 BAS Aoz & AETe o uiAE FHAEC] AXER
Bl elslie o] BEe Aoz Ao DNAG AsiE FA AE gtezg it
5lo}] 791 AT} 2H AsE FA g o] EES AEXU wjgR e 2R E
Zozy o oled B2 A ANt Hd FA4A o3E ¥2o7]A "o DNA
9} covalent adduct® BAASHA A=k DNAY €48 FE Zeg ¢33 PMA
(1\hmrlmlxm'rista‘re—acetate) (Emerit, 1981)1v} Aflatoxin B: (Amstad et al, 1984),

o)aL o) 2.3} dRAbAlZo] DNAG AH&AAeE FE ASo=E CF7F EAidte] &4
-‘W:?L} sk Chung 3 Kim(1995)-2 A @d] 23 G4aA) oldfdoe] Axo] uj
Al AR gl o8 AL MEejgdos RE CFE ¥lstd A3k
CIss °] 2 AZEA EA4o] grEAIAE fx AT ARl 1,000-10,000
dattonol@t €38 A ATt (Emerit & Cerutti, 1983). ¥4 ¥ 24 «]fﬂ' A E=A
o] AraRpgET o]l BASE AL Fsy] s CFE 248 47 #1284
o] gtk old] B A3k Hl4 @ AFA o AESAHVIEE T “5'5]'7]46}]7\1 A
REPel=2
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CHIO I

UL ] Ve
A LB hi l W

AEE 10% $Ejo} o] TFH McCoy's 5A BiAANAM 5% CO.7}

1evle) wsEA ARARE AT

2. ¥ AEE

CHO A EY B2 (Sodium arsenite) © Z & (Potassium dichromate)g 10, 20, 30,
5o, W10 Me BEE AHEe ¥ 347 o PBS &0z 29 MFHIIALE 18la
HANT S F PSS Fd ZH Be?eieh 2000 M EE McCoy's 5A ¥l o] S
1is peui disholl Aol 7-99 EeF v g3iAct AE=EL sz uA7 HEd Fl
212 colony -9 tHEZ colonysol e B2 A4kstc)
3. llypoxanthine—guanine phosphoribosyl transferasc(HGPRT)
A Eohdo]

CTO #l o)l H]AE 10, 30, 40, 50, ¥ 100xM9l F=2 M3 F wjfdrte
A 3 Z2ddoe] FALEIAA 7-9¢€ T 2-3¢ A2 Adul st
G- thioguanine ™} dialysed serume] X FE vl o) & F=F 6709 petri dishell
IXIO° A AEE AL F 8Y7Z wiYgste UElIE colony+E Z33AT. o
7b w2 E A" AIE 200008 E 3709 petri dishell 4o plating efficency& +

&g
1.

- Eddo] =g 78 o] &5

A, QA BA

CHO =X B]AE 10, 20, 30, 40, & 50«Me] ¥ & a8ln 2L 5 10, ¥
20/ M2 v ER2 HEstn 3A7 Fo PBS £ o2 oW AAst 13417 S0




OFF colcemid® M s 2417 el AFN(0.075M KCDE AH Methanol& ©]
g 537 A En YA camoy A Y (Methanol:Acetic acid 3:1)2.2 1A sk
2 Giensai. GAsHE durAd Wl o) FAA BES AT I 504
M o %ee] A H(Sodium selenite)& Z+zt HlA 9 FAlGl HIAF A, vl
27 Fol HAS® AL, colcemid FAAlo} Zo] Hz2F Ao G4 BES 7
xalel ddlg HYA 76 BE Z275g FAHINAS

5. WFFEEe] 2ol

CHO A Eo) 8]A2 10 2 20xMe FE2 223 IEFL 10#M9] =2 A
Bshal 18AIT WiFR & wjFAE FASE 150goM 68 dAEE AU
2 zo8-& # 8| Diaflo Ultrafiltration® A133te] YM 10 filter B YM 2 filter& ©]
g 5te] #42F 1,000-10,000 daltonAtelel EAL 40 FEGIOME FFFESHA

L,
6. Avl gl MA) M3 s (Sister Chromatid Exchange : SCE)

CHO M Zo B4 2 2L HYsty I wIFEES
21018kl 10M¢) 5-Bromo-2-deoxyuridined 36417 =Z&AIZ ¥ perrry and
woll[1071 9] el 8 J4% 3 5009 ATE g2 ddEsie] TS
W W A0 M) 2 2210 M AAFGO«M, 50«ME FAA A 5
Qe wjorF 2B o3 AugaA TFNEE TASII-

N 2& CHO A=
7

7. A A333 53

CHO A Zo] Hl2 2 28L& 5 10, 20, @ 30xM9 T2 Aste] wjgd
A5t 2 2273t homogenizer2 4% % Thiobarbituric acid(TBA)%+ L1Z
1o & 100CAAM 155 HaEstT 800gelA 1087 42 edaE FFAL A6l
Ganm o)A FB 52 78 AA" Malondialdehyde(MDA) $o 24 A A7ASLE
z a5k, 3 BlAQ0xMS AAFGOLME Zol A Fo A Az}
g FAsAUT
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1. AN BES
[y njA-o 93 A AEF

CHIO A Fd HAE T2 AU T AHE AFZEL T3H vl ¢
& v rEFL B 1T 2Zed 30«MAA 50%7F AESFOE 100k Mol A=
Gooywio] A ZIFE T (p<0.01).

Table 1. Cell Survival Rate by Arsenic in Colony Forming Assay

Dose «f Arsenic No. of cells Relative Survival Rate(%6)
Treated(gM ) (Mean*S.D.)

0 193.3%+ 38 100.0

10 173.0x 9.7 89.5

20 113.7+105 58.8

30 97.0+13.0 50.2

10 380% 35 19.7
100 120+ 3.0 6.2

No. of cells in treated plates
Relative =

Swrvival Rate(9%) No. of cells in control plates




2) AEel 8 AX JEE

CHO MEd 284 FxE= AR AX AZESL FIA=UE 2)
1o W w7 7 rz}a‘r AE JEE] F4AAT (p<0.01).

Table 2. Cell Survival Rate by Chromium in Colony Forming Assay

i of Chromium No. of cells Relative Survival Rate(%)
Treated( g M) (Mean*S.D.)

0 195.3+1.9 100.0

10 190.2+2.4 97.4

20 167.8+6.0 3.9

30 120.3+0.7 61.6

50 785+4.2 40.2

100 11.1£0.7 5.7

No. of cells in treated plates

Relative =

Survival Rate(96) No. of cells in control plates

2. 1IGPRT A &4 o]

CHO M Eo) ¥l4&E F=EE2 X3 F HGPRT 9o did 3 4] &
mg- b A sl (F3). 1X10°70 M ¥ 3 Mutant frequencyMP)E thET9] 031
JERN! -ﬂ//\]‘)ﬂ}ﬂ— 144, 40 p MM E 1.33, 50 MM = 0912 ¢ F7HEH U2
100Nl A= 0412 THA] ZAaE o] d-ukg FAZE BHolx fgtoen ulio] o3
HGPRT 3 2ddels st frEEiAL & 5 AT



3.4 ol
D el ol A o]

CHO 422 A7 HAE FEEE A3 & F4H oS vehls Al
ok VSATHE 4. AW w4 R Zohee] meh GAA ool Z7}
slis wdake]l e T (p<0.01). Hl&el g3 fEEHE FAA o2 FREE B
abof 9l A ¥ (Chromosome  type)2 ¢kt F7hel ®bA g4 £A ¥ (Chromatid
ool ol o]l ZA F7lE9en F2 AAY(Deletion)o] BROL} Eo|stA n
2 A Jixchange)E F7HE A0

2) FLitel g GAA ol
(MO A2 GAZIY Z2§E FEEE HAF FAA o|dEe & 59
b Al 289 w27 S gEk dAA ool FrtEE Aol vEbs
Tho(pe00D), JMEAPY o] H wWol velden FMAE oY F uHy
ol Win b FEHAAA F7H3E Ho| Folsi

4. MG T8 23 A wg
D Ao WEFEESEd A4 AMIAA 2

CHO Al Foll H]AE 10, 20 4Me] FE2 3t 18A1HE v FA|Z] & Ea
A ol +E2 2L A 2L CHO Al Ed Azg)ste] 36417 vk Foll Auj gy
A WIEE vastgct (X 6, 28 1). WI¥A(Media)d MIFFEEL 2E9
WA EEEY] AETF g agixs vt £8& Yebgdoz i ujgd
AAe] o]t e wjAY £ AW A Eo] HAE 10, 20uMe] FEE A8}
o E23 MIEFEFE 93 AEF A YA I}V EE 2FY 7.200] Bl
sto] ztzt 1024, 104622 F7l8t9ed 2% FAALRZ §93Athp<00l).
itk v b o3 FF KF QRS By §ste wiekdd w4 10, 20 uM
HNOowE Ae)sta ZEdE gl AT MED AuFAN n@NEE gz

—9—
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‘Uuble 6. Tiffect of Concentrated Ultrafiltrates of Media from CIIO
Cells Treated with Arsenic on the SCE Frequency in
CIHIO Cells

Pope of No. of Cells Total Total SCE / Cell SCE/Chromosome
fo e 4V counted Chromosome SCE (M £ SD.) (M = SD)

Cof N Contral) 50 956 360 720 £ 227 0.348 + 0.143
AN 50 950 362 724 + 225 0373 = 0.132

N 10 50 951 414 828 + 270" 0418 + 0.170
Nl s AS 0 50 957 400 800 + 268 0.385 + 0.178
G N - As 10 50 947 512 1024 *+ 2757 0533 + 0.158
G- Ad - As 20 50 954 523 1046 *+ 279" 0551 + 0.173
" Concentimted ultrafiltrates of media from CHO cells treated with Arsenic.

" Medin
* Ciheerved value is significantly higher than control value ( p < 0.05 ).
*3 Obeerved value is significantly higher than control value ( p < 0.01 ).

ol 72000 thebe] 2k 828, 8022 FUISIYT 10 UMM E FAHOE &
Slolrkp- 0.05). 2822 filteroll A B]&7F ¢4 deixA] QolA, £aldl ujok
g el ¥Aarh AESF Z4E FESATE BY3 21 sHASIIA] wg
A AR 10 MEFE AT dste wiFA va 10 IMEES AEE Az e
ol Mol EY A FGAA nBNIEIE 828014 10242 §-olslA Z1sgen
(p<0.01) M A 20 MO FEANME w372 80dlA 104622 §-93}A (p<0.01)
SO e R vlA D= ZHg oo MES HlA Loz Ro] AAHFE o
o el 13 gl EARLE G £ IAT. E ¥4 10 M 20 M) F =)
ALl iF 2 E S % MED Ao IFVNEE ZHZ 1024, 104622 59
ool §lolA vlae MY Fxel wWE wYFEE MEY A Gas Zie
& BAZT JeIA ekgktt

L A S 2
()} i}

- & vl
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vy o] wjEEE ) 9] 3t A QA 2

CHo Y 2ES 10 M B2 X st 18A17HE WAl E BEojad

vk Al J 28 CHO MEe] Xelste] 36417 w3l A g A A

El

sy M etk (B 7, 29 2). 28 $EE 0xM2 A olfe AE
Gi o et 1007] AED FAA ol MENEe] 107%E vl d¥
0 ‘:i"l 11.0%9F vl8t7] d2olArh. & 7, 29 2014 Heupeh Zol Al
e fl“" ‘ 13 ZENE7F Med+CrloZel B3t Med+Cell+CrioTeol W f2l &tA
VRl (P<0.05), MEeke] Zgoz Med+Cell+Crl0T ol M CFel F-F &

0N M BAENE Aoz AZHET

T.ble 7. Iiffect of Concentrated Ultrafiltrates of Media from CIIO
Cells Treated with Chromium on the SCE Frequency in

CHO Cells

Tope of @ No. of Cells Total Total SCE / Cell SCE / Chromosome
Ul afihrntes Counted Chromo- SCE (M £ SD.) (M = SD)
(/N some

i+ CellfControl) 50 962 386 7.72+2.19 0.381 £0.139
Ne = (rl 50 974 482 964+2.96 0.483%£0.167
Ned = ool + (Crl0 50 968 575 11.50+3.25 0.595+0.170 =
" Concontiated ultrafiltrates of media from CHO cells treated with Chromium(Gy

{reatment).

" Ol-crved value is significantly higher than Med + Cr 10 value ( p < 0.05 ).

* (icorved value is significantly higher than Control value ( p < 0.01 ).




L4 A Aakst

1) Aol o] A A4kt
CHO A Zoll H]AF FEEEZ AHYI & 18AHF ] TBA AL Adsty
Aok oE AAdE MDAY 48 SAHIIUTHE 8). RToA AR
Moot oerd 4660 Bt Bl S7EE b2 701, 767, 1012, 17018 E7)

i b R

Table 8. Effect of Arsenic on Lipid Peroxidation in CHO Cells

Dose of Arsenic nmole MDA / mg Protein
Treated(« M ) (M = SD)
0 466+1.73
5 7.01+2.36
10 7.67+2.44
20 10.12+0.14
30 17.01+1.82

(Kendal T=0.7407, P=0.0003)

2) :tinol o @ AL

(1O AHZEdd ZEE FEEE AT 18X Fo] TBA A& AP35
eiskslol 8] AAHE MDAY & £AI dres B 99 2o 3 E &
cb b Frkeke AE¥E RAFA AR A FEQ 0«4MoAAME 238 i
ool ole ZEY MESAHAGEY AEIE ZALEIFEA wEelel FPE .
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T4 0 Isffect of Chromium on Lipid Peroxidation in CHHO Cells

Dose of Chromium nmole MDA / mg Protein
Treated (M ) (M + SD)
0 217+0.37
10 3.48+1.75
20 6.22+1.70
30 4.68+0.36

G, My e F2£5d 3 vsav}

D 1 o]

Gi A7l AelEd v BA A B FMA o]dE Urhie A
cuge wA BE YT 125%0) distd 85%2  folstA FAHUS
(oGO, Gy Al71el A AEl 3 3AZke] BEEtaubA PBS 4oz AF Fd
e E1E AT alastAE GAA oS JERE A EHEo] Ha 9F
Spesato] 125%0) tiEked 9.0%2 f-98Al AASATHP<0.05). 22Y G Al7]¢l
g e Aeld Aeel @AA ojde Ushiie AEREL ua g AT

2l Ulste] feld Aol@ YERIA kgt (E 10). weby vzl o8 fd
W ool tiakd Gi Al7lel AdEE AT A vadl 4T A4
o ¥ EE FAANASY G AVl AdES AP A9E E IFE G

7Rkl

2 AT wg

(H Ave) ol vlid A3 wFFEEIE vA=E IF
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CTO A el 8220 M) 2Bl F (G0 M-S M3 & 18417 Bt )
i Y FEES BEEY ol UA AlRE MR AHElstd 36417 vl
Lo el RPN EE dolrgn A Ed viaE FAl AZsy Be
v el Y] HIEG A A Z@RNEE 8912 B4 ©E AT
ool WMz 106290 ¥laEte folsiAl AR (p<0.01).  tHETe] A
el aBRlE 78300 tiste] v a A, WA dES AXE A
b el s A7 804, 80622 BAIFHoE Fo3F Afolr) glo] AdHlE] Wi
el 93 SAETAE JATHE 1),

M2 M o2 o2
oft of % o Sk

) el 2Bl A% MFFEEN NRNE 9

Gel v 212l Al SCE WE 749l polg vastdew 933 50 METH 304

MDY lvel 288 R@ 2Me) CF A4E FAAE Tk o =24 4
N 028 £ 99Ed ot AdEel LFER 4§ A FddolgezE
AL A 4 AT A 2ARTHE 2§ S4el FHAE 30.Mel deEel 50

ol R T Al 98 ERHoAE AdE ¢ 4 UITHE 12
3) A A Akst
CHO Axe) 8420 M) A EFGO uM)E FAl0 22sted 18A17HE v
T THA B4 Agste 1 dapiakzte] ols] AAE MDA 48 SAHH

tion 0 At AdEE A ABF 2ol MDA 42 600224 HlA
Vi ciolite] 99090 vlmEte FAHLR RoldA ZasUT (p<0.05).
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224 Adid B AEEA7AN WAME ASAANE FAHLZ dHHA
A FxolLo AR AaAFHTZE] AAETE AMdel B
23 HEe ASA &AVIAd thE dFEe] APFHKH. HI
<1 °ﬂ*‘] fﬂ—‘?’—ﬂ-«] Z&0]20] DNAS covalent adductg& BA3IA] reths AR
(Klein et al, 1991)0] ¥3AA F&o 23 a0 fFLHAAAE vl &
NoagETide Aol BaEEEE AL AARIAD o8 T AaAfIHtEE
& x3iol g BAGME FLF I FFIFTT LA UL FEE
—”] & Az o)A futelut DNA A So| A DNAd & zM vehtA
a1 AARgEtZe] Ba® 7HH A Zgo g2 JeEhiA =W Emerit $(1993)
obst G oA §REAQ CF (clastogenic factor)’k EAE 7HaAdel U

,,n

o] A

c}.

w Ao Anst v wse] Rossman 5(1980)& ¥lAE HFEY TF ¢
o ART By FAA Sdde] EAA A4ENE BIHT BASHAL Lee
=(1985)2 oj® MTAME w7t H EAWIE fUFTE AAAYU FA= &
o umsgor 23 2 AddAE v Ju o FEQ 50 iMolA A4
ol UJEME AE v]go] 34%E EYo2H ALY ZTY 23 MY FEA
73963 wole ATstE Aozt AT E, AFFZTFAAM HlL 8X10'MS TE
ol 4 FAH| ol F& b}E}‘—H“ A Zo] H)go] 75%E Bilet vuddx ¥ AF
AME 12580 ¥ B BEQ 104MIAM 57%2 2318 © @& £3& EAT.
ol ALAELS *}3‘11117} SEA XY Hmad AFEAA o B G4A olde
sasgoE 4L FHMFT U Leest Ho(1994)«] A g BEAXY "o
gloj Aol A3td &4 ZEA el AF Aol A7 A YA sAT

AE7E BlAd o3 A3tEQ EAE EETE «1‘3]‘: H A ¥4 9 tALER
o] A DNAJ F&L nATrEtE vi2RE A4FlA FAAfHUZE
o) MEate] th3 Ao AAFAIL AT oA oAHew AHH F
A B AS(CR)o] oz giksiol] DNASH FH Axe zAd7A Ao
EAe goitkE Fojth AF7A HlLe AEEA Fad AT FII
01 A AaAEEY LS O; (superoxide anion) As-O-O (dimethylarsenic
peroxyl radical)elth. Oz & FAA o] 37 Al H A A 3L FET + A=

2

R A R



o} A MEAo] THI intracellular SOD &3 FE A gk AEXHE AH
Az wEstd 5L R 5+ Ao tste Oy AAe 3 Adrt ot
FHHU 7283} 7Aool EAEA ¥E OH radical29 Ao gfiMels 7H54
v} E 3 ZERZ O ZEE S 8 olAAHQ radicalEY A4l 93 CFF4 <l
2] A FUEASo] AAEW o]Eo] DNAC &3ty BuEAA O o] Al
o) ke &4 A4 Fa3 4FE AT FAUHEmerit et al., 1982).
7] ¥4 E methylated form2. 2 tALE =4 dimethylarsinic acid(DMAA)E A
2] A8 A% dimethylarsine®] Hej7} ¥]&o MEEA & FFTFE 70| gt A
%, dimethylarsine®] &d4tAol gt 78 shte] AAFAREA Z-§3t O
S A 7HsAdel 27 el 22y DNA 7td dahg deozitty 4a 3
dimcthylarsine®] E40] SODE Mgtz ZA HF2EHA &L Foz2 0y o199
the  radical®el #&Ho] g siteAol WFEH7 AlFsIew  weEkA
dimethylarsenic peroxyl radical®] 9% o] A|7|= At dimethylarsine® AFA7b
=04 wgstE Oy ol AAdEEd olAL EF EUAT AHY ¢3
dimethylarsine®@ Ata o] 243 Whgo] WAIZIH A XM =E T Y Folgtn &
# A peroxyl radicale]l Ao DNA 97td Hgo] ZAHA 948 & Aol
E F4olt(Kenzo et al., 1990). 18 A A AR AtdAFetiZEd 95t Al
¥uhe w2 AAdEHIR CFe EAL2AE CFI d3iHe F2 dA4EAY 4
A o) ide] TAETE Aol & AHAY HE22 27| DNAZF &40l H
A FAAY ool BA Uer MEFI] Fri9 A YaiMs GAEAF o
dol EA Uer] qfid ole AMES A3ty &471H A3 THAHY FAA o
4 FEHRAEAMY CFY F848 Al & vliddd o3 A4A o] EH A 4
MNEANFo] hRES AX sl 4¥EFAe vlid YAz HHA CF7F A4E
F A& Holgkes FFo| JM5A I




Me Me
\ slow \
AssH + 02 == As + H + O
/ / superoxide anion
Me Me
dimethylarsine +
Oz
J prompt

d

Me
\
As-0O-0O
/
Me dimethylarsenic peroxyl radical

CFo) W3 Q7= 2 gad 2AEZAQ PMAGAM B A7 FRHAE
¥ PMAE DNASH covalent adduct& BA33tx &7] W&ol CF] &4 od4%7t
2ol =4t Emerit® Cerutti(1982)e AIZHZT TN PMAZ =¥ CFE &3
ste] PMAS CFAHAIG]l gsirais G ol4e] fige #FSIAT O =
3 &9 SODY &8td o] CFel EA4L aAHAHE FAHASE BY22H
CFE Oy0] BAFS F9HaAth = Emerit(1989)2  chinese hamster
fibroblastsd]l A= PMACl 98 CF3Hg EEstd A2 Axujgel CFE AHIAA
¢] SCE ¥W% 2712 B1usgUch Emerit (19912 CFe] FARAHEo2A AT
28} AFE Q) aldehyde-4-hydroxynonenal®] f3 3ttt AlA| gozH CF A=
AaApegEt AT @ A7 BEH UL AAEAT. 23y CFY T
HABLe o Brtx] @agre] olug dirtA AEES EFEoIHT ST 4
A 2 Brambilla $(1986) CHO M ENA aldehyde-4-hydroxynonenal& X #38h=



AATIFANEEY] HEEAHL Prlslged EF SCE ¥z F3RE F7HE B
of FArh
2 AP AF/2A AASAE FUAT vlax AT LT wEFFEENA
°§J§*ﬂ ol furEA] ggtoen ol AMEE A F(1995)9 AHAA £
AE A oA fitel i Ao} XFHUTE AMMFAA LS A
2j ks ABAel A BE GHA] o4& dAASA FrhA7led Had ¥
‘J_E} HA Fe FroME B o3 J&FE A AL F U7 HEA
A olArT o ZEF Edwole XNFEJF B + UtHPerry & Evans, 1975)
—E—Ol Crol thd AT7E50] g4 o]dEtE SCE HER AEE4FHE
H3 2 AgaAd aat £33 CFE Edste WEFEES d44 01’8}
}Z]“ rgto} SCE WlEe 3718 B AMdZA £ed CFY S45H
o AL FUE AEE oUATE HE AFHFUT CFY FAEAHE] 2
15 22n FAld ARASAEC]7|E 3 MDA 4 3% A vlad §5
Z7vgd) otet AAHEE MDA 4= #FstA F7tstdint o] AHdEA CF 84
} A xEete] A Axpakslete] A Aol FAHATE Emerit (19912 AA o] F
a3 oF  BXId AP syl arachidonic  acide ELHLER
cyclo-lipoxygenase AEE A#3tAY vlgizdez wjdde AraAfEiviZd
ojste] ArztElET ol8A AlstE AAAAIAEES FAA ol FEEE THA
m o]Eo] CFe TAAHEY 7MeAel Eutn Busdtt. CFY FAHELR AE
31 QE HO0= e Exlolr] wj&o) CFY £ 5 YM 2 filter B2 i}
AA AZHA ¢%em 100 nMe FEZHAE ALE FZF vl FaAe &
g FA gsitt 3tk aldehyde  A®Y A ARASAIEQ
4-1lvdroxynonenal(HNE)& t2 %% aldehyde® Ett 71 AGALE 7HAH 01u
M ©l3te] TEANME FAA o4& YEhge HEo] 13%u BEEHUL H, F2
AMBEAY ol dg FE3tts AR Bk ot B A¥dA AAIISIER
-3 MDA HZBHE MDA 10xM FEoA g4 o4& Uele AX
£ 28%9] Wdle 4-HNE 104M FEAAE 17.8%2 xA3 4-HNEZ7F MDA
Bk ¢ AESEATH Ate AMEA ZEE CF FAAE 9 shud Aol
#3383 JH(Emerit et al, 1991).
A5 Xz FHI i 2A F2 O 4499 ATFH (combined form)S
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v ZAsE Crf-Cr* Alstde] AR ES FATL ZEY A mAE T
sl M e Q77 o]FolA e —?5] 2o Ay AT ole ¢k ol
’o' 4_1_0”;]' CI‘(VI)i}g' ] KzCI‘zO7, NazCI'O4, K'JCI‘O4, CaCrO4, E] PbCI‘O4
> I coli @ Salmonella typhimuriums 01'8-3" Aol EdHo] FIUL=E
e}k o1} Kanematsu 5(1980)2 KLr:0-& $422 Yeyoxn i_x_o}ﬁ‘i}.
Crima &L CrK(SOs),, CrCl, Cr(NOs)s& %ﬁt&o g frgsA gsed
KMnOE #7bsld 6712 H@stAl =5a Edwo & %%ﬂﬁu}. K:Cr:0y,
ZnCr0,;& Chinese hamster line V79/4°ﬂ A HEEA ‘32 EdHo|AHE HFoH
K.CrO;& CHO A X9 HGPRT ##3x9 3 £ddclE %}ﬁv} vk Cr(1)
Q! Cr(CH;CO0):& 533 EdWHoAE HolA %}9&‘4. a9 Cr(VDY! CrOs,
K-CrO), PhCrOs S5 GAA o437 Ay ngg fLaioh. 12y CHO
A3E 2 human fibroblastsll A Cry(SO4s CrCls, CrCl 59 Cr(ll), Cr(lD2 &4
A s Rusgd. 28 EAL A g Aoyt un 22 Axte =ZE
AME A3 wat 2 Azl Aelstde AL &+ UM (Leonard &
Lauwerys, 1980;De Flora et al., 1990).

g Eddo] 2 MESH7|H ZES %‘Z_}“Wﬂ%’él olu} AtAaAEttZ
of 213 DNAste] ZH AN As) ARUA L2 =2F AR FR A== A
e el 9% *ﬂl‘#«] 23 Axz AAdE "'%.1 °ﬂ ol% A< DNA
2ol 93 AQJQAE o}F EBHFst. ZF Cr(VDLzXH Cr(lhez F4HT
o] Cr()°] AH DNAol &3t DNAd €48 F & doy FdEH= 173 ol
A A" BAEE Cr(V)el AXW 43 &4¢& 735 DNA-©HA 7w
H AL faAZittE dF B3 ItH(Show, 1991). B Agdn 3§ s
LeElubE GAA ol F JAEAY GAA o] GMAY odET wWel BF
¥gon ol CFol o3 A4 oj4d dele 5Fo| He A2z IAF 93iA
CI7} BAEHATE A FHAL2 Yy Falth 2y ¥l&E A AL
= QAR Y o|Ao] thREo|H FMAY oL dE UEhA AT I EA
2ol gHAE 1Y FAAS GAAY olde] Bol fEHEE By ZF A%
DNA A7t AEF719 279 4%L nAE FFAEA o3 Z2ARE &
otk o] 3 A Z B o3 AAFNS} ATt vl&d] o AFARAE} Hx
B} o3lA UEhE AMRE daAol AR £ gtk a3y 2§ B¢ A

H H
]

=z
T

~0
jrd

.
‘n
O’..



A7Hd §}°ﬂ o8 AAEE AZ2Z A MDA%RL AAT 1 9 & © 490
Fek AHEE0] B JM5AL 358 B 4 ok =Y O 40 w2 CFY F8
T4 é%é Aolgle 7MAE 7bssltH(Brambilla et al, 1986Emerit et al,
1991;Johan et dl, 1993'Mukai et al 1976). AE7tA Cr(VI)o] Cr(Ihe 2 4=
o DNAC| HHAg 9% Fo] FAEARS Yehe Aoz d3A UA
2HShow, 1991) £ A¥d 7 *Pi}%—‘l &4l o MEote] Bojste CFol 2% 3
2] 2tgo] AT VYERE £ JtE A& FHH B 5 AU

FatgAlQ AbFe vlad s AMSHE ADAAUAIIESS g Bt
= &AQ glutathione peroxidase®] TFZujzA gty =AU & ¥
A el delEe ABRE G AVl vlis BAC M| Ao vla @ %
A ol §ostA FaAHed AdEd vart A ME B F
olo] AFPozM AeEe FEde AHflo] vaAHd 4T Ak Ha
AE oINS 7]-? g W uA A 3417 Fol PBSEYL 2 BlL AHE

AP AdeEe MAdsdgdy F A9 27 RS of A=
A go] @Al Blid @ﬂ'ﬂﬂ v Ao 248 Wity WEo] otz B4
HNEERL BF2A9= BEE A (protective effect) & YEFASE & 4 AUk ©
A ATENAE AR ZFAA] A FL b4, |, o3 HY 45 HgeR
G o|Ad SCE WI=rl #B4AHASol EiEF 2 (Beckman & Nordenson,
1986) in vitro2 W ¥E AIFHZFAM Y A EL vaz fEE FGHA ol
thate] REaTE Jehldgo] #&H AH(Sweins, 1983). =3 & Ao 2
ol o5tH nl49t A AdEE A 2t wjdFEES SCE HlxEE Y
AzxE BE® CFY SCE ¥=¢ vlwstd fosA ga=Efed ol &Y
AT nAtA Yt dA B F A FEY Bizaddd g dFe =T
Aoty ® A AFAZAESQ MDA %2 vjae AHFE A AT ol ¥

U= Mool vusle fsA Zastgrt. 2E AV AN T A
T} ZA9t7] &l Ay AFAY 2F9 XA Fa AR FHIA &
At olspzrol M Eoe] ANAFABAEEN E Lo AT LHA FA
gz Ay Fol i @ S o3 AHE CFst AZAHASAEQL MDA
Fe ZFaAFHTHE AL HA 2 A MESAC ALARHHEY FH2
A3t M zutel As), 2gln A A ANEHE ADILASAE Fo olAHA A
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HEACHS B4 Agoz PHHez fadvts JAd tig FHe] @ Aol
v} =R Eh

olAe] AFME =M HlAo| o CF7F A= ANt SRt 2
e o} Z 7R I L& Bold gl =3FA FFE5Y AEXEZVAR FEE W
No = QZEHA B3 CFY AR 7% 458 e F% B opyE ¥
2% Adie] BI T At &AVAY sHeAel didt AV HE 44T
v} o Yolrt MEQ atztd &Av|Ad BE #F5E fsiAe CFs &40l 3l
o0, AR SR #Eeloz e gAAQl SOD(superoxide dismutase) @ &
7 2 HPLCEAS o] &3 CFY FAAEC did g2 59 d75°] AYHAA
o} & Holot,



e 2 29
CIIO M Eo] izt & A7 F8 Zie o3 2o

4 2 5o A3 AE JEEL §F ot Fa=HU.
ul 4ol ¢]3 HGPRT 3 Egweole oFstAl fU= A
HjA 2 I o3 fiEe G4 ol s &3 wEt FUleten
JMEHNE HAAYo] bg ol veElgoy dAAE nBFd ol d E4
Aol F7tE THE U
4. ¥&10, 20uM) 2 ZESAM)E M stz 18A17F YT Ultrafiltrations
ol &3t BEAF 1,000 - 10,000 dalton Alele] AL FE|stF e o] wif
FEEL AANA 2BVEE ST
A 2 A& o3 AN Hee §Fo wet FUEdev ZEe
AT E oL
6. A FL vid o fUEE GUA olFE FAAFLH H& H ZF
o3t wFFZE oGN] PRE v ko] 3 A AIHASE HA
e BEasE By
ol4e] AAE E o HlA D AFY HEE47|HM-E DNA tE H3=
2910 CF(Clastogenic factor) ¥ X &AzpAatgto] 23k HH g0 FAstelats A
< FHE F Uk

.ws*oe
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