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ABSTRACT: Present study was carried out to investigate
the cytotoxicity of cadmium, chromium and mercury on
cultured rat fibroblasts. The colorimetric assays of neutral red
(NR) and tetrazolium MTT, the measurement of total content
of protein and electron microscopic studies were performed
on the fibroblasts cultured in the media containing various
concentrations of cadmium, chromium and mercury.

The results are as follows;

1. In cadmium-treated group, the NR and MTT values were
dose-dependent increase. The NRgy, NRso, MTTgy and
MTT;, values of cadmium were 0.2 uM, 195 uM, 1.0
uM and 60.0 uM, respectively. The total contents of
protein at concentrations of cadmium, 0.2 uM, 24.5 uM
were 90% and 50% of the control, respectively. Electron
microscopy showed dilation of cisternae of granular
endoplasmic reticulum in cultured fibroblasts treated
with cadmium.
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2. In chromium-treated group, NR uptake was decreased
dose-dependently and NRy, and NR;, values were 0.2
uM and 1.7 uM respectively. Chromium induced the
dose-dependent decrease of the mitochondrial succinic
dehydrogenase activity. The MTTy, and MTTs, values
were 0.5 uM and 5.5 uM respectively. Protein content
was decreased dose-dependently in fibroblasts treated
with chromium. Electron microscopy of cultured
fibroblasts treated with chromium showed cisternal
dilatation of rough endoplasmic reticulum, decrease of
polyribosome and increase of lysosome in number.

3. In mercury-treated group, NR uptake showed dose-
dependent decrease. The NRy, and NR;, values were
7.0 and 21.5 uM respectively. Mercury induced the
dose-dependent decrease of mitochondrial succinic
dehydrogenase activity and MTTg, and MTTs, values
were 5.0 uM and 22.0 uM respectively. Protein content
decreased dose-dependently. Electron microscopy
showed degenerative changes of granular endoplasmic
reticulum, and few lipid droplets in cultured fibroblasts
treated with mercury.

The results described indicate that cadmium,
chromium and mercury give destructive damage to cell
organelles, especially to those involving the protein
synthesis, it suggests that heavy metals disturb cell
metabolism and results in eventually cell death.

Key words: Cadmium, Chromium, Mercury, Colorimetric
assay, Protein content, Electron microscopy
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9 A, ZA M} Holol] of Azkgh d3-& wAviMatsumoto ef al., 1967).

ol To] A2l k7| So) uiehgtel whel B2 FF-o) Al Za A A FAHEHE Foise] o] &4
EX LS AEFEANA e A7 @43 s olcHlijima ef al, 1983; Russo and
Pacchierotti, 1988; Chung ef al., 1988; Moon et al., 1991). &3] o] 52| EA214-8 a5}H 0 2 BAsleie
Wl So] 22 o] /s 3 9lvh Neutral red(NR)ZF MTT [3-(4,5-dimetylthiazol-1-y1)-2,5-dipheny1-
tetrazolium bromide] #-A¥-& 2}2} N Z47)HF Lol A e ARIAle) i dgke BME & e
uhygo g Nz AEY Aol Az}l 7o) dxstu, 71E9] trypan blue exclusion test®Br} #A 7t
Hala Aehel o S4B o) s 2] EH | n| X d S FA ke A2 AA R ALEEY
2}t Chung et al, 1988; Moon ef al., 1991).
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MTTH4, S °o“-4 A 1eja AzxpEn] A<l el AR
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A3 2.39 5 wixe] Mo Halgh ASTHZE u)ok87)(24 well plate, Nunc)ol| A 3-43) Ao
vl oksle] Abgsledch A Enjokol 2 Eagle’s minimum essential medium(MEM, Gibco)ell 10% fetal
bovine serum(FBS, Gibco) 3 Penicillin G(25 unit/m/), Streptomycin(25 u g/m/)¥ Fungizone(0.25 y g/m/)
S &3teto] Apgslgnh A E= 37°C, 5% COR A 327 el A vl ekalod om, wi oFe)-2 34dujr}
wEEdh Al E4e] AFAS 0.05% trypsin-EDTAR Al 2% $-847) 3 0.2% trypan blue 2 <] 8 3}o]
hemocytometer & | 4katelc).

24 M2l

B A#e) Abg3k 34 7= F(cadmium chloride, Sigma), Z-&(chromium chloride, Sigma)3} -2
(mercuric chloride, Mallinckradt)-& {0l 5o MEM2.2 34% ¥ 10 mMe] H Ao ghgo]
Wotao] Msla AEFd 23w AR-skelch

HES7 |2 S4HE

NR(Neutral Red)d &

Borenfreund 2} Puerner(1984)8}s ol 2]alo] Al £5 uf k873 10% cells/mi°] ¥ % E 24 well plateoi]
Bzalo] 2447k wloF 3, ole] EF2 £FE0] £ vkl o2 waksly cfA] 24417k Fak wl oFdte]
NR(Sigma) 50 u g/mi7} Z.&5 k-8 37°C atawoll A overnightA] 7l F, wellwd 1 mi 8] g 34| 7H5-4t
vl eksledc) wioksk® ¥ wjokol& w|2] phosphate buffered saline(PBS)S2 2-33] Alzste] 1%
formaldehyde- 1% CaCl,Z welld 0.5m/8 Yol AEE 1Yt on], 1% glacial acetic acid-50%
ethanol & well® 2 m/ 4 Fol 158-7F Aol whaalod 3413k EoF S8 Ao 3% NRS £-&3t9ic)
2%%) NRe #4585 2H3EAG40 nm)E 54ste] HETH vlw 2Apshadvk

MTTH 2

Mosmann(1983)2] whyol] gJsted, NIEE FFgo] H7El wiokyol A 2417 wikgh F, A3
273 MTT(Sigma) 50 u g/m/7} E.35 v ool & welleh 1 m/4) 2o} 3417k vl ekshirh. wl obF vl ko)
2] 22 Dimethylsulfoxide(DMSO)E 2 miwell®) gof 557 A21kxj8te] MTT formazang £33 ¥,
225 A(550 nm)E MTTS F3e2 ZAste] oty vl @zAekedciCarmichael ef al., 1987;
Borenfreund et al., 1988).
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NRspo) =5 ZH5 wikao] 24417 x22]7) 3, PBSZ 33| 4123l 1% glutaralsehyde(0.1 M
phosphate 2+3<i, pH 7.2)2 1A} 1% 0s040.1 M phosphate 54, H 7.2)2 F1A43}¢c} 2
A% A 8+= ethanol(50-100%) 2 A1 zZith 100% ethanolel] &g &gt 23] uiX-aled o, 100%
ethanol 3} epon -T‘X](Epon 812, Polysciences)&-3t¥-¢- 1:182 A& &3t o g AL2ox 1A]7Hegt A
FAHh 2 ¥ 438 epoxyEFTo g Wit 35°C, 45°C, 60°C LB ol A 22t 2421704 $
R e i QP_?J}“D} FAFE F Ha) Aa(—196°C)ell 5E7F BEA] oh2 o] Al xa) ks
712} AlE7) o EEo] g)E epoxyEE S E2lA %tk Ultromicrotomes o] 8-8to] 80 nmF7) & Zubd
HE ¥bE, uranyl acetate9} lead citrate & o] & Watgde}. A £2] w4l F 2= Hitachi H-600 <218
u] 2L o]&3le] 75KV 715-31abstel A #aslgic)

EAHXz2|
Ay A ate] A e+ Student’s paired t-testel] F38}3] 3, P-value”} 0.05¢0]8t) 7-¢ §-2l3 Ao g
#A skl ol

4 =

MEZEAZ|2 SHHE

oe] gxo) ytEFo R Helsted NRY F3EE S48 dlade] 3458 100% 25k FEo)
a2 FAEE vA AR AEgt Ay, FYrE ree nlalste] ity en, AEs) ke vy
Al 2= =9l NRy(Initial point cytotoxicity value;ICV)#} 50% 2] 3 8F-& ¥k 2% 9l NRy(Midpoint
cytotoxicity value:MCV)-2 77} 0.2 p M3} 195 p Mol of2] Fxe] =g o2 x2]sted NRO &34

F ZAsldth S35 T vl ste] Faske] om, NRg# NRy- 22} 0.2 u M3} 19.5 uMe] i),
ofz] FEe] F2o 2 Hujsle] NRY F4EE S sl F3r o vl#ste] 7aste]om, NRy
7} NRsy2 22+ 7.0 uM3} 21.5 p Me] gl chFig.1).

FtEgo] el ER TR wioflo A waje] HFEALEG 2447k vl oksto] MTTS] FH:2E =
Azlolck 2o F45E 100%E §le] 5o ‘ﬂr—f— FHEE v|A A2 AEsnh FREE
Lol Fx Fvtell whet haste] oud, MTTe MTTx ] F¥+& 7h2 1.0 u M3} 60.0 u Mol ich o2
T2 AFE Helste] MTTY F4=8 2o SR Fro valste] 2hasted oo, MTTy,%
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Figure 1. The effect of Cd?", Cr®' and Hg?" in rat fibroblasts on the ability of neutral red uptake.
Each point represents the mean from at least three defferent experiments.
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MTTs® 5% 2H7 0.5 u M7 55 uMe|gich ofe] F=o) -8 | ste] MTTY 4= =43}
Ak F4EE Fud v#ste] 3Fistel o], MTTesh MTT o) S5+ 7H7 50 u M3} 22.0 uMe)sict
(Fig. 2).

2] SRS 100%23k0] o] vld A og Abeste] 7h Fxof nj2 Zohw geks
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Figure 2. The effect of Cd*", Cr*" and Hg’" on the production of MTT formazan in rat fibroblasts.
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Figure 3. Protein contents of rat fibroblasts by NR uptake in each heavy metal treated group.
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278 9% 50%E A E B Fev 72 04 uMF 24 uME Jelhyto)h Zohialake. NRe)
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29] NRy9| Fxolld] Fkumiaeke o 259 929%, NRyol|l & 51%2 vJelydon], okl Ao
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Figure 4. An electron microgrph of a rat fibrlasts cultured in the control medium for 24 h. Nucleus
{N), mitochondria(M) and rough endoplasmic reticulum(RER)} are shown. X 25,000.

Figure 5. An electron Micrograph of cultured rat flbroblasts in the medium containing cadmium
chloride at the concentration of NRsy for 24 h. It shows swollen mitochondria(M) and dilated
endoplasmic reticulum(arrow). X 20,000.



125

BHOLMLES] HXIHOIZN By
FRgel i, e Foptol $1Ashelon),
o

Aardun]F 4§23 49 g AfeAEs A2 3y
o]d A Ao) sl ubielol] F4-3HAl BaEH o] sl AE AN el el g o] 7
JAmtat ko] freje R ggel s AKFig. 4).
Al Ed M AP A, A, feRd e 5 He
sebA dAE gl o), g ARt 27} of)

s ol 2
H=FE NRoSER A2l
el Sk, cm el b el

Figure 6. An electron microgrph of a rat fibroblast cultured grown in medium containging 1.7 u
of chromic chloride for 24 h. Dilated cisternae and amorphorus contents of granular endoplasmic
reticulum(arrow) and lysosomes(arrow head) with some internal structures are shown. X 20,000.

Figure 7. An electron micrograph of cultured rat fibroblasts in tha medium containing mercuric
chloride at the concentration of NRg for 24 h. It shows destructive mitochondria(M) and dilated

endoplasmic reticulum(arrow). <X 20,000.
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ZHE a7 T AAEEY T2 el ERite] BAF AT NRyyg 22 A& AxolXe &
H P Ae] 27 vS 85T, [Axde] dapEest @xeA dashe e B, AgA
47zt o) %%El%iﬂ(Fig. 5).

AE A7) A4S NRes=ell e 2agdnte] 27t ot g4 & 7 olole aaa) wsd
Hel & 2dck NRso Ei"ﬂ SRIERIE % el v skod wjAl el Abedat WSt & ol A o] Al
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o E
B el Wk S0, Hg B Cd)o) A7) fe] vlals S48
Wggew el 4es ot galeAsl NR F4s MITEA
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A}&}7) 9)sle] A EEA
sled Abgd Al9) succinic
|5

R |
dehydrogenase 3H4 ¥ -5 & A 3}glc} colorimetric assays) NR, MTT £29]-8 7} 3shstE-2 e A2 &
e dafder 74?43}*—‘11 o] 85 WyoR eHel HaE AR dviFdes WAE £ gly,
FAFTAE o] Lol HepH o Ax =4S vlud 5 ol Hg e

gk b ol oy, 2 v skl A
(National Cancer Institute)ell 4% &tAlS EAE29) HAL $g & wpyo g Aakgk v} gl
(Carmichael et al., 1987). Borenfreund-5-(1988)-2- NR3} MTT2] &34 =& o) =3} vl iLsle] ICV(H E7}
7Ao)shA o &8 k7] A=k 5 (NRuw, MT T2 MCV(A 8548 v 55 NRyy, MTTs) S 2R
% NRgo, MTTs FX 2, al5ANRy, MTT5<100 u M), 52354 100 uM NRs;, MTT;, < 1000 u M)
# Z-23(1000 u M>NRso, MTTs, 2000 u M), F54J(NRsy, MTT5>2500 u M)S-o SA 847158 A&
shodch

2 Aol A Z2E2] NRy o MTTw ] g5 204 0.2 uM# 0.5 u M2, NRy 7t MTT502] s 5+ 7H7
1.7 puM3} 55 uME vjelyton], 804 NRyi} MTTy2 F5i= 7zt 7.0 uM3t 50 uMZ, NR;3
MTTsd w5+ 27 215 u M3} 220 u ME epstd], 8] NRy ¥ ¥ 2)i= Borenfreund ¢} Babichi
(1987)7} BALB/c 3T3 celloll A A A1 &F NR;, &) E 52} el xstedr). 7= 89 2% NR; 3 MTT509 5=
747} 195 uMe} 60.0 u M= vieputon), £3] NRy e 5% Hele #Heb 31(1990)0] Ao A4ma)E
A 2 A% 50%9] 72} Borenfreund®} Babichi(1987)7F BALB/c 3T3 cellell 4] & A}&F NRs, 2 £%of
d=jstelnt, aeut, 25t 7R Fol A NRys MTTs 2] gkel Borenfreund$} Babichi(1987)7} BALB/c
3T3 celle| 4] # A3} NR39) w=9b 2d2)she oAt ¥l Wi, BF-2 cellvhe Adak w29 2ol &
Rolar gledl, o] 78 #7kA] k340 mouse, hamster, human cell lineol]l v} 23z o akof] 34t o Lol 4]
HTD(Highest tolerated dose)<= cell linee]] IE}L} # x| gt 2}o] & M9} Borenfreund 2} Babichi(1987)<]
3R Aol A aofx el 2-5-o] H cell line?} primary culturedh A X5-g A 3H7] wigo
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Melslz LPE}LJ\'—‘H] olgigt ¥ 552 Borenfreund ) Babichi(1987)9] =43kl 7] Fof 2]5}m of$-

Lo ebde, S ol Fiihlel AR Y] Rt 2g>Re>shnge] ol
% 5o w2 Fuhwdake] W El= NRy, NRy 9 5ol AE2 94%, 62%, 425 929,
51%, 7F=4- 89%, 55%% MEA7jztel uvlxliz <kAl2] NRyw-9b °l7<1 8}04 Frastedon, ol
Takahashi-5(1987) 7} 71-5(1990)°) AFAl 22} HArwA Zoll A et g ejgr Aate} ol K stgdch 2

v K
e
o2

4

s
E
°’!N s
GLJ >\1



127
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