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ABSTRACT: The present study was carried out to evaluate
the cytotoxicity of cadmium on cultured rat fibroblasts. The
colorimetric assays of neutral red and tetrazolium MTT, the
lactate dehydrogenase activity, the amounts of total protein,
the rate of DNA synthesis, the amounts of unscheduled DNA
synthesis, the frequency of sister chromatid exchange, the re-
leasing rate of intracellular calcium, and light and electron
microscopic studies were performed on cultured rat fibrobla-
sts maintained in the media containing various concentra-
tions of cadmium.

The results were as follows:

The neutral red(NR) and MTT values were decreased dose-
dependently by cadmium, and the NRgy, NRs;, MTTe, and
MTTs;, values of cadmium were 0.2 uM, 21.5 uM, 1.0 uM and
60.0 uM, respectively.

Lactate dehydrogenase activity at 10 yM and 50 uM con-
centrations of cadmium were increased to 139% and 282%,
respectively, compared with control(100%), and the total
amounts of protein were decreased dose-dependently by ca-
dmium.

The rate of DNA synthesis was decreased dose-dependen-
tly by cadmium, and the rates of DNA synthesis at concentra-
tions of cadmium, 7.0 uM and 60.0 uM were 90% and 50%
of the control, respectively.

Amounts of unscheduled DNA synthesis and the frequency
of sister chromatid exchange were not increased by cadmium,
however releasing rate of intracellular calcium was markedly
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decreased by cadmium, compared to the control.

In light microscopy, cadmium induced the reduction of cells
in number and the decrease in cell size dose-dependently,
and electron microscopy of cultured fibroblasts at NRs, value
showed cisternal dilatation of rough endoplasmic reticulum,
dense body and numerous vacuoles.

The results indicate that the cytotoxic target of cadmium
may be cell organelles rather than genetic materials, since
a lower concentration of cadmium induces more cytotoxic
effect on lysosome and mitochondria than DNA.

Key world: Cadmium, Colorimetric assay, Lactate dehyd-
rogenase, Total protein, DNA synthesis, Sister chromatid ex-
change, Anchoring cell analysis system, Electron microscopy
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ol FHET 53] Jh=HE 19601 ARl A Itai-Itairg o] 9121 &2 ¥3)7l o] H(Ha-
ginosk Yoshioka, 1961) ol ] %371 o] #hak A7t A4uo] Shovk oba] uF e Agelw,
thyk o] E&ol ukebA AL E Holeh= 7S 2 &l H AF4 o] tHNomiyama, 1987). A7 2
7ol =&9 swd = H S e g T2k WE ””ﬁvol 2 0 vj(Friberg &,
1974; Samarowic-krama, 1979), & 71415 ¢ 2SS {utsled JAHE D 357 RS
o2 Nordberg, 1972), A& AA, FAA L A4 AZS 5437 PL}(Nomlyamd 1980; Fri-
berg®}t Kjellstrom, 1981). A Aloll v] x|z YEFo 2= golden hamsteroﬂ)\i e} Akotol
718 (Ferm} Carpenter, 1967)0]1} A ] &) AFA] 9} obA L 7]334 Helo] B Ao g Hilwil
¢ltiLayton3} Layton, 1979). & 7} Fo] S0 #3k - in vitrod| A= k3] o] F
o] gk=d|, 53] Yamane(1981 ‘i— %{:1 2= o] A7)zl ;}ﬂ A tol| A EFA&o A )
ZAEo] 11 BAo] Vel n g 2Hdo] 2ANE ALk} 1 v E AXE A =722
ura)i=d F9% F-Alekal A A & u} slow, A gz Az Z(Jind} Nordberg, 1983), & 4|
(Kunimoto®} Miura, 1988), 11€+7F2 4] £(Koizumi® Waalkes, 1989, 1990), 1F+| ¥ (Beattie
%, 1987) S} o] F& Fl=Foll gEks wol v Ao g 4#I 7l ME tiEto in
vitrool| 4| B2 7 2 )

HooAqts ghrFol Abske] AGAAEe] mlE 4 e AESAZE U] 7] 9ske], WA g
G- A E 2w oFsle] neutral red(NR), tetrazolium MTTE 4 2 lactate dehydrogenase
(LDH)i—]’H 1:}!3_1117}:_] ek DNASIA &3 8]5=7]14 DNA §hAdake] =3 ;7_‘:/];1 x}u}]oﬂ/\ﬂvrxﬂ
W] Mol T G AEEZASS st Fh=Rol wiYd /}j%j,{&ﬂy_oﬂ o) 2] &= A
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Az
A3 2~399 Sprague-Dawley Al S W A|] mjilor Ey)gt MEmAEE A3l

M|ZEH) 2t

Wl x o] ml el A Ba]d A2 EE vfoF87)(25 cm? flask, Nunc)oll A stock culturedt
3~43] Atfu)orata] ALR3IA T A Evjekel 8 Eagle’s minimum essential medium(EMEM,
Gibco)oll 10% fetal bovine serum(FBS, Gibco)@} penicillin G(25 unit/ml), streptomycin(25
ug/ml) % fungizone(0.25 ug/mi)-& £33l Alg3dd. MEE 37C, 5% CO.2 =HHE &
7o A Hijekslg o, wiokale 3Unict wEsIETh M ESE 0.05% trypsin-EDTAZ
AEE BEF{A17] T 0.2% trypan blueE FA3tad hemocytometer = 4H3 31t}

FIEE Xz
FF=H(CACl,, Sigma)e 557l o EMEMOo. 2 843 § 10 mM2] Agdo g vhso]
Wekiol Wikeln AT Bad sEe 5 Heled g s

NR(neutral red) 22t

Borenfreund 9} Puerner(1984) *'{ell ojata] M EE well'd 5X10* cells/m/o] ¥ =5 24
well plates] £:7-ho] 24412 W% F ofe] % 58] 7= irol EHH¥l Mool smqatel, thA
24|13} F <k vl oF3kar, 50 pg/mi 2] neutral red (Sigma)7t Etﬂil Horal & 37C o] -8 Foll A
overnight?] 7] ¥ well 3 1 m/# Yo 3417k ot v kalu). vlok oha & wjgd S vlaja
phosphate buffered saline(PBS)¢.2 2~33] A& 3sla] 1% formaldehyde-1% CaClz;,_ well‘L
0.5 m#) Fol AIXE 1143}l 1% glacial acetic acid-50% ethanol-S well'd 2 m/#] ¥ o] 15%
Aed] WAeke) 347 Sk £3) 2] FHH NRS £330 855 NRY) %%E‘g
EFFeA (540 nm)z St et vlastych

MTTZX 2¢

Mosmann(1983)2] "ol oj3led, MEE 7l=Fo] AH7be ulekdo) A 24 A1(F vt -
A3 A% MTT(Sigma) 50 ug/mi7F E3HE vigH-g welld 1 m/4 o] 3AI¢F uf
Bt HiF 3wk v e]il dimethylsulfoxide(DMSO)E 2 mi/well® go] 5371 &
Wz)8le] MTT formazan-g €83 %, 33354 (550 nm)i2 $3 2 ZA s g2y
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Lactate dehydrogenase@td &H

AN ZE 7} Fo) A7He vkl o A] 24 A) 7 ”H k5l 3 wfjofell o 2 6= [DHe) FA&F o
11 % ¥ Takahashi 5(1987)2] Wil wrskt}d. < LDHZ-Y kit(Atron lab., Japan)] &.47] 4N
1.0m/E #7% 10 mm<! tube(Palcon)Oﬂ yo T ofv)e] 7ol ujokel e o 2t p‘_tﬂ-o}ozj 37
C oA 1037 B vFg-AlZ T 103 Fol] 3 Ahg AXHE 3.0m/ ”01 g3 F, 570
nmo| A 23 vl A ojwl] fagAdS reduced nicotinamide adenine dmucleo-
tide(NADH) 9] 4hstefo 2 sEAaict
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Wl Z 2= QA1 o] hovine serum albumin(BSA, Sigma)<
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273 25 mm petri dishoﬂ 1X10° cells/mi-& B-F3l] 24X 7F w3t & o sry 7125
2] 8kt 2421 7F vl ¥ & [*H]thymidine©)] 10 pCi/m/ E3H¥ wjoked © 2 w33sled [*H)thy-
midine S 1A17F Fob E 48 th 100 ug/m/ 9] sodium azideZ DNAFHAI-S AA|AAH Ca®”,
Mg?t o] ¢l PBS= 33] A 23 & 0.05% trypsin-EDTAE A £E 2HAZ T /8 Ao
')1:23 Whatman GF/C glass filter paperE A3l 0., =35t OJ]%L 22 Ao x AzxAIZ]
3., scintillation cocktail(PPO 4g, POPOP 0.1g/Toluene 17)-& 8 m/# 2-& vialol] ¥aL N
ABAF7Z WALsE SHSHT

HIZE7|A DNAEME1Q XA
A EE 25 mm petri dishol] 253} confluent3t e 7} H == vl kg 3 10 2 M9 hydro-
xyureaZ 223}tk 1417 3 hydroxyurea®} ojgls 9 ?}r 5 la]j [3H]thymldme0]
5uCi/ml E3HE vjgd o= JLﬂSPO‘i A1 ikl A XS —rTr*l?i T3t & AR AdF
A572 ks SRseT,

KioHHAHE & &t BT A}

A Ejek 2424 & o8] %9 Ft=FH 1 ug/mi9) 5-bromodeoxyuridine(BrdU)2 4
24 A1 2r woFSte] A HRES AZFElTh 23 E A FEE-S 0.5 ug/ml ] Hoechst 33258
(Sigma)oll 15587t wr-3-A1A 2] A& 308-7F FAFSIL 60T 2XSSCol 1583 M3t &, 4%
Giemsa® GAsla] 2270 9l 50702 M EoA zufd M EA ngke] AN TE FA}
st

Anchoring cell analysis system(ACAS)| 2|8t MZEL] R2| Zg2 54

AEW fra] 2o 242 ACAS 570(Meridian, USA)-S A3t Wade(1990)2] 4ol
utz} 33t vt

1) luo-3 AMYAY

v k50l A 22 Ca®", Mg?" free PBSZ 23] 4243t & DMSO¢] < 2 Fluo-3 AM(Molecu-
lar probe A#)-S HE 5uMe] T2 H7He the v 71(5% CO,, 95% air, 37C Yol A 1A]12F
Eol ol sl 3. Ca?t, Mg?™ free PBSE thA] Faldte] Folgl: E3E 2 S 9ds A A
AEN el g S8 AFR-EE L Al E &= E A 2 = phorbol ester -4 €] phorbol
12-myristate 13-acetate(PMA)E 3 &5 % 50 nMo] A8t AR&-sHA T

KA A ZEA S 918k v M EE ACAS 570 9743 v Fo g d#sta 288 %
Zu}E 488 nme} 4712 233E argon-ion laser beam 200 mW &% 0 7 scang 3~49H &
wate] 7|A e e & MEASEEAS Aelste] AXY fE da HiE SR
Scane 30~403)2 A|883Fgal 13] Scane] A 7HE 60x% =2 3¢t

#watgu) A A HaES 9sted 27 60 mm petri disholl 1X10° cells/ml-S ¥F3F] 24417
Blofst 3 Aeiee] FhEfro]l EFE g o R W itk A=y el 2443 F =
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Hed=a dAnjdoz AXgeE aFsigrt.

vl A 2o A An A A Bag A AR A& Moses9} Claycomb(1982)¢] H L.
oFZ g ste] AFgEHTh 2% 60 mm petri disholl HIEE B3] 244)7F wfat om
7F=80°] NRw? NRsoo] 52 E3H vjokeio] 2447t =& A)7] 3 PBSE 33] A &5}
1% glutaraldehyde(0.1 M phosphate $%, pH7.2)E 1 43tgty. 1A H A 8= ethanol
(50~100%)= 52 Zt} 100% ethanoldl] 2% HF@4i= 23] WlE sl o™, 100% etha-
nol#} epoxy<</(Epon 812, polysciences) &3NS 1: 12 4 EFFdo g 147 Zot A&
AZTE 1 5 F53 epoxyE AT 7 wBEt T 35C, 45C 18] 60C S Efo)A] zhz}
12,12 18] 31 24417 FAA A FF/S SR FAET T A A A(—196T ol 5587
HEAZ o ARA AXu)dg 719k A7 &5 o] 9l epoxyE e Ba)A1 A Ultra-
microtome-S ©]-8-3t] 80 nm FAZ HHE TEIL, uranyl acetae} lead citrate = ©]& 9
Aspgict. Al2e) vl M t2E Hitachi H-600 M8 n 48 o] 83le] 75KV 71449310l A
3t o

SAHXME
AR A9 A= ANOVA testol] #3819 1L, P-value7} 0.057] 9+ 7% 8¢
#A st

o

o=z

2

NRE 2

HFEAZ Aelsre 71Eg S Helste] NRe| §FEE 2H3l fz2io FREE
100%2 8t o] e FRES WAooz 423 43, FHEE 7t=F = ¥
Hate] At on, X7t J3FS 7] A|2HE}E 5%, NRyfinitial point cytotoxicity value:
ICV)3} 50%9] 4&-& W §%, NRy(midpoint cytotoxicity value: MCV)-& z+z} 0.2 uM =}

Table 1. The effect of cadmium on the neutral red uptake in cultured rat fibroblasts.

Concentration of cadmium Absorbance(% of the control)
(uM) Meant SD
02 905+ 5.1**
5.0 68.2+ 4.4**
10.0 57.6+ 3.3*
200 533+ 4.1*
30.0 39.2+ 3.8**

*P<0.05, **<0.01
Table 2. The effect of cadmium on the production of MTT formazan in rat fibroblasts.

Concentration of cadmium Absorbance(% of the control)
(uM) Mean* SD
1.0 90.1+4.1**
50 88.5+ 3.8*
20.0 80.2+ 3.2*
50.0 576+ 4 5**
100.0 203+ 3.2*

*P<0.05, **<0.01
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21.5 uM o]t Table 1).

MTTHZ

HERAES ) w59 Jl=Fog xejsted MTTe 458 43, izl &
BLE 100%2 3t Fro ©E FAEE vz oz A&t FHEE t=FY w500
vl sl 7HAastgom, MTTed MTTy ol s%v 27 1.0 uMT} 60.0 uMeo] ick(Table 2).

LDH &A

MAae] AGRAEE FF=H 10 uM/mie} 50 pM/ml FEolA 2447 wigd & FF=E
Zx48 Ax 247t 2000 wou, 4017 w2 VERGA o2 1422 wuoll B]Ete] 22t 139% 9}
2829% 2 Z7}xlo] A Ee] LDH7} stz wo] f&¥ A= veldtiTable 3).

ECHHE 2

Ty FUMASS 100%2 slo] 72b Fro] g Fowdsks ndses 2hEsto]
WEE2 Jebd 23, NRes 5202 uM)ol| A S 2 Fe di 2702 89%, NRss = (21.5 uM)
o| A= 55% 2 VFERG T kil A ako] th 29 90%9} 50% 2 AAE Bl $Ee 742 0.1 uM,
25 M2 LFERLLA Fohml A are] 7hhokahe NRe| Fkol whe HAadd ot X3kl viTable
4).

DNARYE

ol M ZFH WA FE 100% % ted 24 Ao ks e g 2 HER AT
DNA§H 501 90% 9} 50% 2 B9 =t 242}, 7.0 uM 4 60.0 M Z eyt th. 53] DNARH &
Hase vEe AEA7IBNR MTTEZE)A 9FS = w9 dAsA=t, NRyo

Table 3. The effect of cadmium on LDH activity in cultured rat fibroblasts.

oncentration of cadmium LDH activity

(uM) Mean

control 1422

0.1 1450

1.0 156.0

10.0 200.0

50.0 401.7

100.0 500.9

Table 4. Total protein contents of rat fibroblasts treated with various concentrations of cadmium.

Concentration of cadmium Total protein contents
(% of the control)
(uM) Mean® SD
0.1 90.5+ 5.5**
5.0 758+ 5.3**
10.0 672+ 4. 6**
200 54.0+ 4.8**
30.0 435+ 4.0*

*P<0.05, **<0.01
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& MTTws =ollX DNARAEES tl2d 5 5 1 o422, NRyt MTTyEE0 e
279 66%2 60% 2 22t JYelgdckFigure 1).

HIF7[Hd DNAEME =

EFAN ZBE PAVs S 100%2 shed 7t AT WAbs ghe MR g2 ehiglth,
= Aol oM 7P =R 50 Mo FtEFo R HeE APl 74%9 BAE B
AR A|9)3kati 71 0)ke] ol A vheh A7) 1] 5714 DNAe] 84 2oll Qo)M= Hel®
FHEF] T2 STMIE §AHOR fo3 Ao & Mol ofkrHTable 5).

KIoHGAY-Z X mEk Shadie

AdHFre] JtEFoR Mg & AR wghe] BAS Alsatgct. zjof ¢l Al
W R 2ol A AT 739 zpef G MEA] wFto] AR Yo 7H 135Sl 10 1M
Aol 7982 JetA AHEE 7tEg TV CE R HUE 2jo]& Ho)A]
ki Figure 2).

MZXS 230l 28t MZL] ZEo w3l

A ol WstE #Esly) skl fa Aol HoldA whgdte gl Fluo-3
AMoZ @M & N EATEA) PMAZ A3t H v}, 7} 8 MTTe #a]FollAe o
Zaol Hjste] frelEs 2] o] d At {%io}%lur(Flgure 3).
MZo| HEfsty TEAA

1 st 4- HEA A

7} ol e AlEe] Heshy Walsg Badt A slego) H 5} Z 748k whak o 2Tl
H)gko] 10 uMoll X Abd3dte] E55= A7t g3 S718ka AXde7 926 5 o

120'}

1004

80

60-1

40+

% of control

20 T T T T T T
—10 10 30 50 70 90 110

Cd Concentration (uM)

Figure 1. Rates of DNA synthesis in rat fibroblasts labelled with [3H]TdR for an hour at 24 hr
after exposure to various concentrations of cadmium. Results were expressed as a percentage of
rates in unexposed controls and each point represents the mean of three parallel dishes from one
representative experiment.
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Ao Walekt e Barh 50 uMAAE B2 AEF7F asta AlEe] E7)x Zhastgor,
100 uMol| A= 71 o] -2 of Al E7F AbEakgivK(Figure 4).
2) MX}&o|AdE 2HEAA

AAEE AA AL A7 f27Y AFEAZE A2 H5Fo)9a, AL FYo 94X
atglom, o] gl Ho] HukFjo FHEA FEE YTk AEHWR= E}%ﬁgom»} i
ol Ay BEEAL oz ZUdlE A g fe giAs dejn %%J_iﬂr

D55 #aE 9 ckFigure 52). 7FE8-S 10 iMB =2 323 Al Zol| M+ a 2B £, myo-
fibril 52 A2l HePH3z S Rolx gton, 159 LA YRT T H2EHA J&;}
o, ZAWE A2 27F o G E AL S A T EE WEE AT E3F A A 2]
PR LA Rolx By So] BaE rkFig 5b). 50 uM T2 22§ A FME
zaE Aol 271 1S S e 37 @l on AT o 78 vhEFi-
gure 50¢).

Table 5. Amounts of Unscheduled DNA synthesis(UDS) in rat fibroblasts treated with cadmium

Concentration of cadmium UDS
(uM) Mean (% of control)
0.1 1056+ 7.1
1.0 1051+ 6.8
50 104.3£52
10.0 1033+ 76
50.0 745+ 6.0
127
101

Y
|

SCE frequency
[o7]
1

(0 4 T T T T T T |

0.1 1 5 10

Cd Concentration (uM)
Figure 2. Frequencies of sister chromatid exchanges(SCEs) after treated with cadmium at various
concentrations for 24 hours .
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Values
(a) - ’ . , - 4095,
; R i - 3583.
g— 3871,
. - 2539,
' - 2047.
- 1535,
- - 1823.
55 seconds 118 seconds - ;1é@§
{(Units)
280
a 180
1694
-~ 140+
’ 126+
J 109
275 seconds 80 T T AT TR T I
0 168 200 3068

& .

A seccnds 118 seconds
274 N
26
25
’O 244
23
22
214
220 seconds 0
9 40 8@ 120 160 208
Mo Curve. KRY (Units) vs. Time (sec)

Figure 3. The PMA-induced changes in the releasing rate of intracellular Ca? ({Ca?’ Ji) in fibroblasts
untreated(a) and treated(b) with cadmium. Cell attached to the 35 mm dish were incubated with
Ca?", M@®' free-PBS(CMF-PBS) containing fluo-3 for 1 hr., and washed with fresh CMF-PBS at
0 time, and then the [Ca®" Ji was measured with ACAS-570. At 20 sec., 100 nM of PMA was added
and continued to scanning.

I

1]

AT 7ol MEAZH v)A] = S5AS £
J& &3] 47 2] NR uptake’s& 2, MTTH

>
oo rz
5
K
;O

AbaE7] 98t M2 Aoz de
il 213k AR Al 9] succinic dehydro-
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Figure 4. An inverted photomicrograph of rat fibroblast in control medium(A), cultured for 24 hour

in the medium containing 10 gM(B), 50 uM(C), and 100 uM(D) of cadmium. These show the
dose-dependent decrease in cell number and in cell size. X 400

genase =2 ZA 31t} Colorimetric assay?l NR, MTTRE A& 7HE 3tE 2] A%
=9 Ko g AXs= ol Rx = W ow HyHql Wals tdEnHez HEd
9, BPBEAE o] &ste] AR ow AFEEAS vwd 4 v "t ibHolH, HT
o) 2l oFo gt A(National Cancr Institute)ol]l A& &ehA] & SA4EH] S g Wy
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Figure 5a. An electron micrograph of rat fibroblasts cultured in the control medium for 24 hour.
It shows mitochondria(m),rough endoplasmic reticulum(rER) and free ribosomes(r). X 10.000
Figure 5b. An electron micrograph of cultured rat fibroblasts in the medium containing 10 uM of
cadmium. It shows dilated endoplasmic reticulum(arrow head). few vacuoles(v) and dense bodies(db).
X 10.000

Figure 5¢. An electron micrograph of cultured rat fibroblasts in the medium containing 50 M of
cadmium. It shows many vacuoles(arrow heads) in cytoplasm. X 10,000
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o7 #ok3l up gltHCarmichael &, 1987). Borenfreund 5(1988)-> NR3#} MTT¢] BALE
273 Blasle] ICV(AXEZL Anéad 982 7] A2ehes 55 NRew, MTTw)eh MCV
(ABHEA S W= = NRy, MTTs)E 243 3, NRyy, MTTF =R 5 J(NRs,, MTT5<
100 uM), F7FE-3(100 M <NRs, MTT5< <1000 uM) A E=23(1000 uM <NRsy, MTT5,<2000
,UM)v %‘%@(NR&), MTT:>2500 ,UM) 5 5‘5‘%%;‘%94 %}‘é %Xé 7]%% Xﬂ /\] ?‘5}9113}—. B }\EH@ oﬂ }\1
NRop# MTTwe 5 247t 02 M7 1.0 uME, NRsy % MTTw 9l Fxe 747t 215 uM
60.0 M2 v}E}tom 53] NRys=¥9e Wtk 2785(1990)0] BF o HAFRAEE
o] &3l Aao) A AhEAln 50%9 477 Borenfreund} Babichi(1987)7} BALB/c 3T3
cellol A A A18F NR5 2] w9t dAatdek Loy o] A& 3 7HA] &32-&°] mouse, hamster,
human cell lineoll 1] x| o3 &ko)] #3} o-Foll A HTD(Hightest tolerated dose)+= cell lineol]
w2} & A3l 2}o] 2 B olthi= Babich9} Borenfreund(1987)2] H.arel A & Aol A vzl
#.g-0] ¥ cell line?} primary culturedt MXEL 214 73wis}ol] )3t whgolt XL 4
Fatgol] 2o #pol7h 1S 4 Urke Taub(1990)9] ik o]zt A= ol 7F=H3
o 2F&o Axye] A o]l Frrt #HHUS o L At vehve T SE5Y
E‘}‘éuﬂt‘%—g—i A}E%q Eigl 7}5%% NR5034 MTT5¢] #2100 ,UMO]S‘}O]EE Borenf-
reund$} Babich(1987)9] =474 7150 wtad vf$- 5420 202 AlgETh
okl 2 §5% LDHO % 7t= B9 223 daRs oA gz vste F7tst
9=t o)i= Takahashi 5(1987)0] A*A| o)X adriamycing X 2]g A3et A3
o] 212 Shell(1973)0l] o3}l A Eute] 44A] 4 LDH7F 9 gate] AENo2 73
wrba 5ok 18 o2 wjkoly o] LDHO] &A% &4 S Ao &R EE A se 7150l
Hryal Qo o]k &S We ZATtol MM EE vE ko] WAl Ayl WA el
M LDHE &Ao] uje ZriE o g Hislo] gid ¥ Agd A= LDHEA ] =
VRt Ao gpe Bo) g X ute)] 448 Zo 24 21 A3 A FU LDHYL vl 2 f-E25AS
Rno g AzbEe
Zorl A0 Takahashi S(1987)3 7% 5(1990)0] AltM e} AR A 2ol &AE
)

Aeet AdAnel SAsHA VeEhgA AEZ a7 el v Az obA el Fret YA At
o 08, NReo5 5ol A 89%, NRys ol A 55% % Vet NRYHe st ME=AAH4H 4

e} J ATt

Chemical carcinogen processi> DNA molecule} carcinogenAtol ] A3 2Hg-ol ©]3] carci-
nogen® 2 43} H71} To ANF AR W o] Al FEE o2 S A Al 3l (Diaz-
Barriga %, 1989; Koizumi$} Waalkes, 1990), 71 % 7}=4¢] human carcinogen & & HFgE =
o] 4% DNAE Aol 7} Ho] E7] uf F-o]th(Waalkes9} Poirier, 1984). “12]1} <> Koizumi%}
Waalkes(1989) Al ¥9] 7t 7|3l 7h=fio] HHE s S AN AellA, 7t=852 Al
% o] 48%, 12} it Aol &= 5297} 2 A ¥l =] AUl Q] 52%F 85%0] ¢ o] chromatinol 2 =1
DNAo]| ¥ 25| 7= 50 490 B33k 2102 B 18k, carcinogen 24 7} =49 A&
plekst Ao 7 B st ch 2 Aol M= 7 dio] DNAG Ol vl A= J & A7 918t
DNAXA Y 387148 ezt wo] gHe-5lojxa = DNA §4dE& 5% (Friedberg,
1985; AE% F, 1989)8 43}, NRw ¥t MTTwE 1 ol Al DNARH 8 tlxd & 52
71 0] 0 2, NRyo Tt MT Ty s 5ol A4 212} 65% 2} 60% 2 71 =4-0] DNAZH Y &l vl A= a7}
NR#Z MTT9] &4 %o v]x|i= axpnch 4o slo w2 vepgch o] 23hs Au7hA] A7 03l
5-Fluorouracil(5-FU), mitomycin C(MMC) 2] &et#le} 671 Ay 52 &
RNAZFS 784 48t SAANE v Aget 23 g Kol sk & 5-FU
mitomycin C9} 67} A& Fo] DNAFHI ol v v %= NR# MTTER = vjale &
wxc) 10° 2k 108f0] 4 whe vk, 7he RS DNASHAH 90%9F 50%°l mA= s%7t &
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A ALF A FFE VXA % NRo# MTTwe] FE8v ofual, NRsy#, MTTss
LHYE 25 g4 et o] & A4 7] #el) nj R QR T DNASHA Sol 1] x| = o gko)
Y A2 AE ou|gich. DNAo| thdh 42 DNA9 AA3EES Ao 28 Qo &
Jed 11 ZAPPEO 2 E H]F 714 DNA 4% Aol da] AHEE T tiRegan 5,
1971). ¥ A7 AofA 0.1 uMFE 10 iM7AA] T3t s 59] 7L B2 23k A8 itof A=
H]57]4] DNAS] 482 dixato H)sle {23 o] oA ¢¥rov} 714 %9l
50 uM o] Aol AAM 4%z TFAEAE ole Ft=F 9 57} NRsFEQ] 450|901,
oj& sl MEQ ol YA 7Art A7) WEQ Ao g AZAEG, o]ejst Al oA 9
Tl wet Al E 7136l v A= S H A6l o] 7} Y7 E o2 A& F =], 5-FU, Mitomycin
CagiL 67t AF 52 A EALV| P GES FE ¥R} A3 2o oA ojn] DNA,
RNA Foll & vA= 5 ALV Q&S F7] oM Lo §HEHd 33 =
g A= W, FIERS HEA7| 8 FAEHA SA0 AES v ALY o5E, HE
2713 o] B JFE v = Aow AR Hr)

HA Ao g FEFS B ¢ Je WHoRE 2] d WA wSk(sister chromatid ex-
change, SCE)24%9jo] de] el izl b8 mEhe 24 3h= DNAZE 9%
A o] 22 2ol A o] Aok Aoz GAMA FeHQ) WaE 2astAe A go
=ddol Y A AE 98 s = 2 (Mazirimas®} Stetka, 1978; Ishii®} Bender, 1980)
TEANEe] SV EdWe) e ool e AL AALE 4 ok A G ARy me
Ao A& Fadolt FEE 7118 ob2 wEkal A WE R %] ek A9k DNAY £4-2
T2 A Ao - A G MR A wehe] MBS §-9|3}A ZIIA]F)E Ao oA
AtHLambert 5, 1986). £ 1ol A v] A 12 4 Z o) NRE-A 2 7} 210] 2] NRep%-E] NR5p 2
TErEQ 0.1 uMFE 10 yM7HA) e 559 Fl=B-g MElste] Aujg e mgke]
WAREE AW ZlEde T SR Ao M By m3ke] wro] §-oslA)
T7HEA] e Ao R Hol A= FE u A L] Aufd MR wglol= 2F el ek n]
A=A = Ao g AlgHc)

ZFEFE itai-itai B3-S Yo WEAEDRN =g A w2 H Algtoa A%
A4S Yebd ®ik ofue} o] A Fol B 248 A sk a $hci(Nomiyama, 1980).
a2 YA EAA] o] Bdolu} B350l Bodalal Q= M XY G2 Z4eke] Wl
A EZE Adolut Aol S F-& B&E0]al protein kinase C(PKC)9} phosphokinase 53
#2 o] AL8E WEE 2eidivia bt o) M s ATy 2HIREN F 88 AHe
T B ¥ 58] K4do] Ae mH&E
ding protein¢l calmodulin®] &4
S FES Eok Bad vk ciCheung, 1984). B Ao A 7= H-S 283t 2ol A
PMAR 2=53 3 A2 fels)= davbso] thxo vste A8 A 744 s o)
ot FhF O] HAo] AEule] Hslel ARy A A Fo] oS Ao
HASHE S 7he el & Aoz ARk et o)) e S 95t A o]of Sruky
A3tea ZHoxe) E4jo] 3 HalElojol & Aoz Azt

BotEn 4 Bgol A Aeld A= F o FErt F1Ehel wek Al o] e Mg Az
= TP o] meFo] Hat AMEHA B Y e QEo R 955 s S HYoL) o)
7EESro] kol ofgh ME Kol HeuslolA: & 4 YT T3 5ol vty A
x aste] MEE APEAIZ|E Aoz AztEn) AxEn 4 2247 10 M 5 Eo0 A
FHNEATe] 271 &5 7] Al Fsled, 50 uM TN M= 27 UL 84 51 o] T2}
250 FaA 28, MEA] AL s 7Hh 5 A1 Ml By o, fele) R4S, myo-

A7|BENAE 10 uM FE9 50 uM FElAM BF EA A Wbyl #
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37 epsrvl, oleld Fejetael MSES ARt WYF(990) 2 YAe) 5(1992)¢)
une} AAske Aol oloe Au AsFol ZRNF LS FejHel WsE =
Betel 7155 Q) WEIF 2, o]welste] A AEHE AR AR EC

olgel A Fistel ¥ W, b Fol MfLALe) v1HE FFe DNAT AAEAnch
AEz7lel B A% SHEAE vlxe, 53 zeifFdee] Waow se wud
$Hado] elalEol AEThARge] A el G F= Ao ARE,

4 =

Fh=gro] WA AR RAE nX= G &S A7) 918t colorimetric assay{l neutral
red(NR)$} tetrazolium MTT#2], lactate dehydrogenase(LDH)ZHA 2 Fohdzr 274,
DNAZ &3} 5714 DNASA (unscheduled DNA synthesis, UDS)&Fe] &7, 2] & A2 %]
w3 % (the frequency of sister chromatid exchange, SCE)Z:AF 2 A Z U Tra] He ek
22 8| by AxEu| Bl o3 ejstd #akg A&sta] e e AES A9t

NR 2 MTT? &55e Held 71m8e w5rt 271 uhet 2448 B om NRyd
NRsy 2 MTTei} MTTs9] 2t zhz 0.2 uM3t 215 uM 2 1.0 uM 3 60.0 uM ]

LDHe] &4e 71=F T% 10 uM3} 50 uMoll A o) 234(100%)°l 8] 3te] 139%2} 282% =
5 Sl a,Fduw A g e ”4 Tof vlgste] Akt

DNASH5& Had 7l g9 w7t S7H8l et ZaE vdod, 7.0 M3} 60.0 uM
ol A z+zt o) &7 2] 90%9} 50% = I%E}‘JD} = E-o] DNASH o] v x& 5= S8 24U
Abg Aol B2+ NRay# MTTs s 2Rt 8 w22 Vebstth

UDS9} SCE= 71=F2 AHelse Z7HAd% Fot 715 BolA| &tor AxEl f
2l e Zp e MTTwolAM EHZS%O]] v &te] )% 7Ha 3ok

Behelnl 4% Wl Aol ) Shel whe A2 47 GastAn Al =
ool AFoz WAL
AR A H PRAT 50 uM Fmel M AL 2R g Anke) 27} B, S 7}

Z3stgon, e FE7F BEy

olde ATE EHslel B w, EHS DNATAE JT2 u1 A FEET o g
Frol A GalaA e A AE SAETE dEbd oM tufe) HEEYERE f
BARG Azl 1 F13teh QS m A= o AtnEch

=1 fa
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