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ABSTRACT

The study on the cytotoxicity of heavy metals was carried out to evaluate the cytotoxic effect of
those on mouse L929 fibroblast cell in 96-well microtiter plates. The cytotoxicity was assayed by
the neutral red, tetrazolium MTT, total protein, micronuclei test. The cytotoxicity of the heavy me-
tals by neutral red and tetrazolium MTT was showed in order, cadmium > zinc > nickel for the ca-
tionic metals tested. The effect of metal-metal interaction on the cytotoxicity showed a marked

reduction of cadmium toxicity by zinc, to a lesser degree, by nickel.

The amount of total protein in

treated group added heavy metals was less than that of the control and treated cadmium alone was
less than those of combination with nickel or zinc. At midpoint cytotoxicity values of heavy metals,
the frequency of micronuclei on the cell treated heavy metals was more than that of control and
treated cadmium alone was more than those of combination with nickel or zinc. From those results,
it could be suggested that the heavy metals decreased the viability of mouse fibroblast 1929 cells in
a concentration-dependent manner and have cytogenic toxic effects, but mixed group decreased the

cytotoxic and cytogenic toxicity on L929 cells.
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o 2ol ?ﬂ—z DNASH g3t sl A5

Sl A H4Hal %15:0]”4 alkalme phosphat-
ase, carbonic anhydrase. alcohol dehydrogenase
& ¥ o2l AL ALl B g spcp
oled & v A FAe] ¢l o2 oeizi o} ofdd
o] wol AHgH = Gl A&HH g JZH
0172 Aok olelal AFE Qe WA FHA] T
E, g A By, HnE :110_:111 H71E, 5
2A B 5% viehie, dsfoladed] oa AR
o & doFich? i} ofel.2 AR ALE wiaEl sl
EAE ekedd gle] B ok A e, A °l
AL N ALE el she, ik s e o] AlAlhALE o
shstel 54} ol )& 71N 4 ol
o] M3 FHEE Al ofei71x) 4 e
3. 9lel FaFEo] Al vlAiz of el T3 WL
°4?7} o 5 FES o143 in vivodlH A dES
2} #Hitellw AE wekr)e-& o8-8k in vitrool

O

P

it

<

A Az 5L Al sk ubdap FEapeFoll A 9
A A3 Aol sl ek olel g
AL Wl ES o) 87 AESA UYeIY AZS

Ag A Zﬁ‘}ﬂ v 0 2 colorimetric assay' gl
NR(neutral red), tetrazolium MTT [3-(4,5-di-
methylthiazol-2-y1)-2,5-diphenvl-tetrazolium
bromide % e] 7= )=, NREAH S Al x4
2] gl alel £3¥ NRE F53le] F4=& 5
ez AeE2d S dol g FAE rEE 5
e el MTTEAIHE wshde] s
MTT tetrazolium salt”} A} A2} succinic dehy-
drogenaseoll 2la} 3zl miEbAe] B84
MTT formazong A jﬁ}-”—tﬂ o] MTT formazon
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1. MIZE G M| ZZHH2F

B %o A4 4 EE mouse fibroblast®] o
1929 cell lineg o*goistn ojzjofst &) 3-s)
23] Bopulol Alglof Al&slaich Al wjok
> o-MEM medium(Gibco)ell 10% FBS(fetal
bovine serum, Gibco)2} fungizone(30 wl/ml) =
antibiotics(10 p/mHE& &3l AL&-3l9ic}, AlE
wfeke- 37°C, 5% CO.% £A% incubator(Forma
Scientific, U.S.A)WHoll4] whoksled oo}, wjofolo
3dvteh wgksisdck wiedsl A X 1x trypsin-
EDTA(Gibco) & F%-A1Z1% 0.4% trvpan blue®
o Mzt dA4E7] (hemocytometer) & Al E5-2
A shsd ek

EX
s
A

(i r& ’

ol
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2. 535 M|

2 Ao AR3RE FF42 CdCl, NiCL6H.0,
ZnClLel™ Sigma Chemical Co.(U.S.AN)Z5E] 79
3log Abgslgdc}, F-34-2 " DDWel| =3 3
o-MEM mediumel| 343l 1M2] Stock solu-
tion2. 2 whEo] Wokiol mitalglom abgrial
27 ikl & H71Eke] NRw, MTTw, NRs. MTTw
FE7F HEE 5] 5le] Alg-sledch

3ME A7 =M HE

1) Neutral Red (NR) A &

Borenfreud®} Puerner™2| ubioll 2)slo] 225
5x 10" cells/welle] 5= 96 well plateoll 558}
o 24217k vk F 7k o)yl FEEe] 2%
= wljof 22 wgksled, vha} 2441 7HE-9)k vkt 1,
50 u//ml®] neutral red(Sigma Chemical Co., U.S.
A)7} 235 wiekel-8- 37'C incubatordll overnight
A1ZL F welld 200 pd/mi® ol oAl 3217F FoF
ufekabaict. wioF & wiefdE wlelal phosphate
buffered saline(PBS) 2.2 2-33] A ¥ 3}lod 4% for-
maldehyde-1% CaClA1:1)E welltd 100 p/m/¥ 4
o} AEE 318 1% glacial acetic acid-50%
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ethanol& welld 200 w/mid gol 1587 A2
nhx|3ted 3A17HE-ql Sl Aol H4 % NRE £
Z3ldct. 229 NRO 32 microplate reader
(Molecular Devices, U.S.A.)E ©]&3}] 540 nm
ol FH=E A ste] 2T v w3t

2) MTT A&

Mosmann®'®] whHel o]3te], AEE 5x10°
cells/welle] 5| %Z 96 well plateol] ¥5-3}Fod 244]
b vy 3 A 2E zhzhe] BEdo] Ak wi okl
off A 24417k wiefksl ¥ B bl ZAgE MTT
(Sigma Chemical Co., U.S.A) 50 pl/ml7} 3=
it S welld 200 wA HS F oA 34 7bE<qt
sjeFatedct, wiok & sfokd-E wig]w dimetyl-
sulfoxide (DMSO; Sigma Chemical Co., US.A)E
200 pl/well® ol 587+ A 2Hbx|ske] formazon
% #3138 3, microplate reader(Molecular Dev-
ices. U.S.A)E 540 nmollA] FF 55 =3 s}e] of
Z7-3} v wshsich

3y FHEE AA

NR# MTT¥%= 23S #8le] F44= A57t
T2l 90 ¢t 50%<) 718 72t initialpoint cy-
totoxicity value{ICV; NRuw¥} MTT.)2F midpoint
cytotoxicity value(MCV; NRs, MTT 2 d151e
] do12l NRod MTTodt 5 2 S ICVEERR
NRs MTTo3bE W 552 3H8 MCVae s A
shodh 2B AYe MCVgkll A Al A shgdch ™

4. CHYE HE

Al AHeks g A2 A% 100 mm A E
v ok-g petri dish(Nunc)ell 5x10° cell/dish7} =&
Z A 2F et wikel S 10 mig $ol wiofat
A, BT AZF7E 24470e] AgE ohg FF
o] MCVe| s=2 sl wieFolola 2447 o}
A wokgt & ovfofld-g Wl PBSE 33] A &b
cell scraper(Nunc)® ¢ & % ultrasonicator
(Branson, U.S.A)E HAZE viddl o}-& Brad-

ford®e] whlel] wle} F-3333%A(Gilford, U.S.A)
£ o] & 595 nmellH FFEE A} 1FES
WA 2= dA Fx2 hovine serum albumin

(Sigma, U.S.A)& AH&-3lsdc).

5. Micronuclei test

na#é A AAk= Fenech?t Morley™9] cy-
tokinesis-block method& ol &3}3dct A EE 5x
10° cells/flaskZ =] A 8}od 25 cm? flaskell 244174
vloket ¥ 7 S MCVEerE 235 wjokd
ol 4] 2447k v okt ThE PBSE 33| A3k cy-
tokinesis& blockA1717] #3led 2 ul/mi®] cy-
tochalasinB (Sigma, U.S.A.)7} Z &= nlofel o 4
24217 wieFaleict. viokol 3¢ ¥ Ix trypsinS2
A EE A7)0 oFzke] AAbelal 0.72% NaCl=
1087+ #]2]8 3 methanol/glacial acetic acid (3:
1)9) Carnoy's N e g 1A sle] &alole 2o
AZE wojmed kAl 3 Pr|AFRAA 2%
Giema® F A&k th-g 4008 Alokell A cytokinesis-
blocked (CB)cell®] #l48 425 AFA dle] o273
H] L Eked o},

6. SHXM2|

B Agle] xpgel gk £A M= SAS(Statisti-
cal Analysis System) packageE ©]-£3le] ANO-
VA test® Al&slln #-24F p<0.052] 4ol

A sk,
n. 2

LM 27|12 54 A2

1) NR A ek

Fago] o FEE ZEH wokHl4 L929
cellZ 247} wieksl 3 NRO F#wg 2%3lw
27y v 23 7l g A e T2 0.02 mMe
A HEZe NRa, 0.05 mMallA] NRxo| F3%&

Table 1. Cytotoxicity of heavy metals as determined by the neutral red and tetrazolium MTT assays.

NR assay MTT assay
NR.. MTTw MTTs,
CdCl, 0.02 0.02 0.06
NiCL6H.0 0.40 0.40 0.80
ZnCl, 0.14 0.17 0.27

*Concentration(mM) required to reduce absorbance by 10%(NR« and MTTw) and by 50%(NRs, and MTT:d).
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vebligla, VA AR 0.40 mM# 0.76 mMell
A, oled A2 L 0.14 mMP 0.24 mMel|lA] ztzt
Wz NRud}t NRw® F#TE vhehuigloh
(Table 1).

2) MTT &gk

o] FEHEIZ FIFEHIL 2 T okl
24217k viofgt b MTTS §3 w3 233 o}s
N2 v Ax 7te g 0.02 mMe}
0.06 mMel| A Zh2t o 2 7ell vl 8] MTTw MTTs,
o] FFes Jebds, YA TS 0.4 mM,
0.8 mM$& ot 22|72 0.17 mM#} 0.27 mMell 4
72y 272 MTTwd MTTw® F35E viehu
9dH(Table 1).

3y FhEwat FE452 £dkAe

7t ohE FEE5S B4 A qe 4
EEA NG odoprr] flsl FI=F 0.03 mM
(NRw) 2 0.05 mM(NRsy: MCVESE)o) dla] & A
oA Hzoll 54 JehfA] 922 olel(<(.12
mM; ICVelsh) 3}t w7 (<0.30 mM: ICVe|3h) 9] =
55 54 MeElsled dsog Aelgt Foh 4o
Hegh o] BAS vl wg A3 7S E 0.03 mMel)
otal 0.12mME& 541428 o) 7b=H 0.03 mM

100 - .
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Fig. 1. Comparative cytotoxicity of cadium incubated
for 24 h with L929 cells alone or in combi-
nation with 0.12mM of ZnCl,, 0.30 mM of
NiCL6H,0O as determined by the neutral red
assay. The Data are presented as the ar-
ithmetic mean percent of the controls + S.D.
*Statistically significant at p<0.05. **Sta-
tistically significant at p<0.01.

o] FEH 2 T(NRw)oN Bl 2F7ke] MlEEA oA
ATHNRsE Vbt 7ke g 0.05 mM ofad
0.12 mME Sl Helg A= 7leg d5ae
T(NRs) ol =2l NR,2ZB 2 Mzsid dx558
vrehligdch,

7EEE 0.03 mMeol YA 0.3 mME A A2)g
£ FbEg whEA el vE) NR. XS] A&
e el v 7 F 0.05 mMI YA 0.3 mM
| &4 Aol 7l=F b5 Foll ula] NRwA
o] oA &35 el Fig. 1).

A = o]

b

2. & cHiiF2kol |

1) T54 whs Al

s A ZE MCVEES] 39408 2elg 3
HFhmE Ao F ghl ek MCVEER! 0.05
mMellA] 2] Fded uls 50.7%019) 5 of
Ax 72 0.24 mMelA 69.5%, V17 X 2] 0.76
mMell A 65.2%2]131cH(Fig. 2).

2) 7t 959 E3bdeld

hgol tigk FF4kel A A FEEE 0.03
mME& Adejgk A3z o] 2ohaAege] &3
Lol wlall 63.3%0l9 ZI=F 0.03 mM3} ofad
0.12 mME 5ol Helg 9= 79.7%019 1 7}
ZF 0.05 mM} obed 0.12 mME EAo 22]ar

100 [
PO cdcie
Ay 1 NiCizeR20
80 WSS Taciz

Percent of control(total Protein)

Fig. 2. Comparative cytotoxicity of MCV conc. hea-
vy metals incubated for 24 h with L929 cells
as determined by the total protein assay. The
Data are presented as the arithmetic mean
percent of the controlsS.D. *Statistically
significant at p<0.05. **Statistically signifi-
cant at p<0.01.
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Fig. 3. Comparative cytotoxicity of 0.03 mM, 0.05
mM cadium incubated for 24h with L929
cells alone or in combination with (.12 mM of
ZnCl., 0.30 mM of Ni,CL,6H,O as determined
by the total protein assay. The Data are
presented as the arithmetic mean percent of
the controls®S.D. *Statistically significant at
p<0.05. **Statistically significant at p<0.01.

Table 2. Frequency of micronuclei induced by heavy
metals in L929 cells.

Dose No. of micronuclei/1,000
(mM) binucleated cells (Mean=®SD)
None 0 9.0+3.24**
CdCL 0.05 110.6+28.5*
NiCl:6H:0 0.76 73.6+18.5%
ZnCl, 0.24 85.8+15.8

The Data are presented as the arithmetic means+S.D.
*Statistically significant at p<0.05.

**Statistically significant at p<0.01.

792 76.1%0]90 et 7E=F 0.03 mM3} Y7 0.30
mM<& EAle] H2]d 9= 66.5%019 5 b=
0.05 mM3 U7 0.30 mME 5o dejgh H$s=

66.1% 1% Fig. 3).

3. Micronuclei test

1) 535 = Aele

Cytokinesis-blocked(CB) cell’] ol&4| 5 <!
71 & 5x10° cells/flaskZ 24 4] 7F vioFEl A Lol
2 w/mi2l cytochalasin BE 7Fsted wiokh A3t
olo]al CB cellelA] v4d &% Waksiedct dix

150
—_J]:Control{None)
V.77 :cdCl,
120 RN:CaClz+ZnCl;
K&:cdCliz *
« +NiCiz6H20 Fm
4 g
<
5 90
=
2 7
@ e
E
= 60 Y‘
L
= \
Z *
30
*
e
iy :

f

0O 003 005

CdCl. conc.(mM)

Fig. 4. The frequency of micronuclei of 0.03 mM, 0.05
mM cadium incubated for 24 h with L929 cells
alone or in combination with 0.12 mM of ZnCl,,
0.30 mM of Ni.CL6H.0Q as determined by the
micronucleus assay. The Data are presented
as the arithmetic meanst+S.D. *Statistically
significant at p<0.05. **Statistically significant
at p<0.01.

Trol glo]x] vl el 4= 1,000702] AlEF H 9.0
+3.2470 2 Jebtow, steg el i 1100
+28.57K, oA A8} e 85.8+15.870, YA T
£ 73.6+18.570 2 febdtl(Table 2).

2) FFEEI FEEe A

7}‘: 53} oted, LAG FAlof He2glg wie} 7t

o] gEe|Fate] r4d F NEE vlaE @

Eﬂa}?&l 0.03 mMellA & HF 48.7x14.570¢]3d
32, 0.05 mMollAdis 3 110.6+2857 o)l =t o}
o1 (.12 mM(<ICV)3} 7L=5 0.03 mME FAloll A
28 & i 20.3+10.401 7, 7E=F 0.05 mM
7} o}l 0.12 mME E*walﬂ T #4685+
133703 A1 M) o] 5 aje] T v]al vlad 5+
7} raEE Ak weod vl =gk 7h=H 0.03
mM3} Y17 0.30 mMS FA1 328t & o 394
+15.47%, ZF=8 0.05 mM7} -174 0.30 mME 54
o Helgt 7o) vl hdle] £ 8621162702 5
e Fll vl oFrke) g el ik (Fig. 4).

Iv. 11 &

F&o] A Ed A= FAE dolEr] sl
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mouse fibroblast®] L929 cell line2 °]&3}s{ NR
MTTH S A8 dAsldck. NR, MTTHRH &
vivo2] S-EAP vlsl HR Aol kAL
Wog BEaabt Al microplate readersg ol
dlod A EEAS ds] Ao 2 AT 9
whole] w3t vl Ikl oA FAAEA
A 9 F2 o2 & Agkel vl 9ih®

B Ao 71289 NRud MTTu 55+ 25
0.02 mMel% 3 NRs#F MTTs2 0.05 mM=} 0.06
mME el em el 9 NR MTTwE S
= 040 mM, 040 mM, NRs@ MTT«2 0.76
mM, 0.830 mMeli3, oFad9] 79 NRw? MTTw
FEE 0.14 mM, 0.17 mM, NRs# MTTw 0.24
mM, 0.27 mMelgict. ol2idt A A= 7tz Fol
91614} blugill(BF-2) cell lineS o] & 224 A E
5418 1A E BabichS™ol| 2]8] 2%l Zyle} v
Z3] & of otdz AL A A FEEFH
of| A= NRwt NRsgholl 2l 4] frAbsled 2, ofad
2] 7%= NRowT NRyollA 25 2F7t A ehdt
ok Yol A9 NRyellAE fAksluh NRyeoll 4
£ Bahich5'e] Aol v]3)] o5 Al Jepylo}
wg olelgt HiAEF sl=Feo| AL H 3
Borenfreund%-"2 Zaxcl o7t ¥ F& B

=2 2

~,
=

¥

-

o
fr o of

-}

Y

o] F+=d o]+ Borenfreund%'¢] alcoholir& %
gk A4 HTD(highest tolerated dose)ztell 3l
o] cell lineZtell FA7F FHAelE Vehirhi B
o} MFE7 ol = A AW ulof7ol 233 A
3173 2] ub-g-ol afz} 2fzte] xfo]E ®alel= Taub™
o] Azte} v W of £ A¥o] Al viehd 2kt
9} A1k wgke] Afolx ole} fAlRE AR M=
S E=

E A A o] o] FFELE 25t
oz NRwH} MTTw 3% @2 & ICVERR
NRa, MTTs 35 2 529 & MCV@e=
Aatd =l MTTZA3E 2ol NRS F33tel o]
2 FE&Eeold ICVe MCVZE ZA s}, 1
A3 FFE5712] ICVeF MCVE] A EZ54-AEE= 7}
ZE>oleix>uAl ¢ 22 5418 vehligicl. o]t
A7+ BorenfreundE*"2] NR, MTTH| 32| ZH3}
ot FAHgF HeS Rt Zh=E ofdd, JAE F
Al el gl wjel e § thexe] S o] HE
EAAYEE ool A} 712 F 0.03 mM(NRW),
0.05 mM(NRs) 273 ofed 0.12 mME 541l A
A3 A 7eg WS Ao v)El] A ESA

ANEFA7} 24 debdy wg 7S F 0.03 mM, 7}
ZF 0.05 mMoll 1] 0.3 mME EA) ol 22k Az
g TE 7L g AT vls) GAETN] sl
o} 7l gl g YAlE FA A Fo AEE
A &7+ Borenfreund(1986)%2] BALB/c mou-
se 3T3 fibroblastd o| 83 Ay} F33o](As-
pergillus niger)E o4 ZI=3H-oll digh yzle] o4
A9E 23 Hahel fA15ke ot oledE )8k
THrhe SA7A By A depydel o]z’
Al FelE A EE olgalo] ofleie] &4 7t
Sl o3 ME2| HAo] HAaEE A Sta-
cey®}l Klaassen™ 2] 433} 7L=§3} ofedo] Jub]
ol HHil(carrier system)oll4] 73 " al sl =H-8-
& e} A fAbsE RS e g

Z bl Aok A Fol| vl A= T4 FA T
Zobel wel PaEe AE ehigch sled
0.03 mM, 0.05 mM2| 53|72 & Aok

279 51%, 64%% vhehfg ot ofad (.12
mM} 54 Mg Aol 80%. 76% % 571 =
vk ZEEE 0.03 mM, 0.05 mMell W13 (.30 mM
< 24 A2y AS-olE 67%, 66% 2 oted 2 el el
Hlal HA ZriEidch ol AEAV|F vlF=
okl o] grel Ad=EA FHAagh} s Astel #
Abstedct.

Micronucleigt Al 7} Bd3le ok ez &
= 2] ' FA A §le @ WA 2ol o A
ARE wah, o A} FA efshe] o A4
7} £ 51918 7% Wright-Giemsa 3 4 Aol B2}
9o ZAale) Ak g Mo g ghabgich v
micronuclei testoll 4+ Countryman®} Heddle*'oll
o)t wl Aol 93] 7]Fql 2] 7de] 1 o] 1/30]
slel 7, o] St A, elx dE" U ¢
g Ak AEsked 100072] o) 3 A Eoll 4] mi-
cronuclei® #AsIIc), Hxg-e] & 1,0009] A
b o 9302 vepde, sl g H
T 110.670, o}a1e] et 85570, WAz e+
73.6702 epdeh =29 0.03 mMA 272 7
- 43.770. 0.05 mMA |72 H$- 110.670% et
Haledl =8 0.03 mM3F 0.05 mMel 0.12
mM2} ofed-& E3hste] xe2jgh H$-2} 1= F 0.03
mM=}F 0.05 mMell 0.30 mM9] Y#A-8 Eatxeig
Hrfoll 4 25 wiAd o) dase AEe ey
ek 13 A= VitvitskitEVe 2B e
o] &%k wlAaslzAbel Jtoh'"e] ZBD AYES o
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23} v a8 ZAE TS vl sde] Zrlg
£ 2% Adst v aE A F 2§ AF
w2 A WL o vl $2 AaE vehlE

g

7] Rye} vims] & o FFEo] M Ee vlAe
Aol 4 % vl idle] $x FrlEd 7] 549
A& St AdoME B2 Zrlr) v 28]
71 Jeplichs Artele g3} ZHEE o]
L5}0] olede] EafA] P Foll 2|3F Al 22| FAdo]
7F -8 B33 Stacey 2} Klaassen™2] A&7} 71=
Bt ofedo] dubdel x| (carrier system)el|A]
73 WA Q] Al 24-& b= 3 vl s B £
gtxe] A FE<7ke] Al ofsl) Aol A= &
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