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Effects of Several Heavy Metals on the Frequencies of Sister Chromatid
Exchanges and Chromosomal Aberrations in Human Lymphocytes

Chae Deuk Jung, Jeong Sang Lee, Dai Ha Koh, No Suk Ki, In Dam Hwang

Department of Preventive Medicine and Public Health,
Chonbuk National University College of Medicine

To assay the cytogenetic toxicity of NiCl,, K2Cr,0,CdCl;, and HgCL, the frequencies of sister chromatid
exchanges(SCEs) and chromosomal aberrations were observed in the metaphase chromosomes of the
human lymphocytes which were cultured with above materials.

The frequencies of SCEs are dose-dependently increased by all materials in this experiment. Chromoso-
mal aberrations, especially gap and break, are increased by the nickel and chromic compounds, while
not significantly increased by the cadmium and mercurial compounds.

This results indicate the dose dependent relationship between the frequencies of SCEs and the concent-
rations of the heavy metals, but the increasing rates of the SCEs induced by the heavy metals are less
sensitive than other mutagens or carcinogens which were confirmed.

I.M B

AdA e de] EAs= Jéi}ﬂ < AE 0 RE
o] Foste] YA Sr|Eo R EAFHUA AH
EQdAle FEE mjA :LEM ol 45 Z¥
Al A2 pzA ojdg 2T AW FEA
e AAEAL ehdch(Stokinger, 1981; &, 1984).

9, ¥)&(As), F1=E(Cd), Z2E(Co), ZE(Cr),
TFel(Cu), +&(Hg), ¥7HMn), &(Pb), FEIEZ(Sh),
AAUS(Se), E2S(Th), vl g(V), o}d(Zn) 2
HAND S 542 29 dAEFEA T35
g% £Aed, Wy € AABRA At ey

olE FHFELEL BFTNAR Af A NAA,
F, A% T AWz FHH B2F 715 FAE
z#H3ie Heleha Asista Walg Fusle @
(=15—%, 1985; Stokinger, 1981; WHO, 1973). o]¢}
Zo] @742 9540 A% AAMHFN = AAFRY) 3
dol wep 1 Hart 42 §F53ke den 2 48 s
Zgo2 Q% Itai-ltai# F2FE02 % Mina-
mataty §-& A3 EA & okrlElrI7lA] st FFEF 5
e AZAe Bydes u ok

FEEFTEA BT EARA] dFe FE ALY
ol N 71AH, 715AANet Hio] #7 % Aol
A9 FxE ko AFdeA FAslee Agelden
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A2 AFRAEL FAFTEEY Y, &, 2T F

2 SAPoRN 1 FEARY ABE Holgoi(Im-
bus, 1963; Fuwa’, 1964; Mary, 1967; Farrellys, 1969;
Ratcliffe, 1981; ©] %, 1987; & %, 1987).

FH YR 271 Pol2 FEES XS FAFESY
SHdde 19309RE Ee Ao H(JARC monog-
raph, 1973) A7 LfF A ENA e EGdol {8
(Hueper, 1955; Gilman, 1962; Nishioka, 1975; Miyaki 5,
1979), TEAY € A Izl 249 45 L
ke A2z ¢ex JtH(Paton Allison, 1972; Schrau-
zer, 1978; Miyakis, 1979; Stokinger, 1981). 0|5 &%
ol oJg 4FL vy A Z2go] FAE A
2A Ui AEEEdAe 2AgHoR JHE F
wal7)x o (Michel# Niggli, 1986; Foxe} Jacobs,
1986).

MEFAGHQ ANME Skerfvings(1970) & #7]
FELo 2 QFEE olFE AFHE AEEY 22
FhaTol A APAET F& A oGS AFEE vt
0™ PopescuB(197DE 7] 2 Frl520] Y
02 x2d FTEASNAAN FAME 238 Hiudtqd
Leonard(1986) = HIAE ¥|E3 U FF& =2 ¥
ARgolA A o) del Tt AT on aHeE
YAA@4Ls < 2AHWaksvike} Boysen, 1982) % 4
s 598 wYEFFAHE(Nishimura®t Umeda,
1979) oA e] F4A 013 &, AF FE5 2% 3%
¢l DNA A3 (Tkeshelashvili, 1980), 28 (Tsa-
pakos%, 1981)3% YA (Ciccakelli®} Wetterhahn, 1984)
o 2% rate] 7+ AAA LA DNA crosslinks,
Fe&ol APHoE AXHARH EA4E Holx Ty
HoZE Ho|FEE] Ascorbateo] o A o] 4-&
Z22AAZ K Stichs, 1979). E3F I EL WAlAd 2%
FaAdGe] FES AT gA A Mori-
moto2} Koizumi, 1981).

w2A, ol FE&d tE MEEAHE Hristed
Sx ot wigdore vy o] A FHYIAE
Aol g 13 &4o] A Yehlr] dEe) @
<tflolL} clastogendl] H4 & WA, MEAHQ] &2
Vel A8 ZHAERed 2 998 2 o0 (Leo-
nard, 1986), WA Xl o3 A o] A oA
dojup= BT 723 wgel AMEFH zAPPEol
v go|sty] mEo] FAAFEAY SQolYA

AAM o9l 71Ee] HolRrh(Savage, 1975). £
Perrye}l Wolff(1974) o] <& /i€ FPGHA <3
SCEAAR:E w7 oY AR QAo dx
o 77hek uhy o 2 o)A glenl(Perry9} Evans, 1975;
Carranos, 1978) I<Al, 31EAF g 4443
AbZ SCEZF 8850 da] AH8-2 Aelch(Latt, 1974;
Perry¢} Evans, 1975; Bauknecht, 1977; & 5, 1987).

HZ FE5Y AEXESAY7HE Y8l SCEfE HAP}
da] A5 3 A (SaxholmE, 1981; Stellas, 1982;
Morimoto's, 1982; Waksvik} Boysen, 1982; =Z{5—5,
1985; 3 %, 1986), Waksvik2} Boysen(1982)2 W A%
AL 222 AXFHEE HAMAME JaH o1 d-E
Fashu SCE® Y2714 ¢3-§ R8¢ Saxholm s
(1981)-& Nikel sulfide?’} SCEE f'&dviy R 13ld]
4 9% SCEF234 83 d7e thd vF3
SRR =gho] Hi itk

wzta] B dfdxe Q8w g faAFEEd
A, Jl=g, 48, 22 T2 Yrstd SCEYIx 9}
GAA o) E ZAF L EMN 545 Fro A X5A
o3 ARE At sk

I = Wy
1. MEBit U S Xzl

HiFS A% o2 A FAe] HAFMO 2 FE he-
parinH & BRAFA|2 APk AEujFL Latt
(1973) ¢} & 5(1986) 9 WS FH=z3te thg3t o
A3k

ujx)= RPMI 1640(GIBCO)°ll 25mM HEPES buffer
(GIBCO), 15% fetal bovine serum(GIBCO), penicillin-
streptomycin 100 unit-100ug/mi(GIBCO), 2% phytohe-
magglutinin-M(PHA-M, CIBCO)& 718t #) =3l

A Zujoke A7) wiA 5miol zHzt 02mld AL
F3la Aok 37T, 5% CO, vlF71o A 72712 vk
o d2ga-g HAstd MEFE 24434 BrdU(s-
bromo-2-deoxyuridine, Sigma)& 7}s3on BAlo F
A3 542 PBS(pH=7.2) o) 10*'M*-¥ 10'M7}+] 10
vl A gAEto Fielgen, £2 SIFHEL =2 AX
54 & 10°MEE 10°M=E 7} SI9(E D).

FA g F34-2 Nickel chloride(NiCl, - 6H,0, Wako
chemical, Japan), Nickel sulfate(NiSO, « 6H,0, Wako
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chemical, Japan), Y AHE3-228-(Junsei chemical) 2 &
BZ84(KLCr:00), 71 XFL N (CACL)F 2 &
F49 (HgCl)olUth

2. SCE®A 3! SCESQ} Mx|o|at BHa

AEE $£As7] 2—2543F Aol colcemid(2 X 107
M) (GIBCO)E 7ista wiok 72A17tA H4l¥-elsto
AEE FAAT A% AXE 0075M KCIE 1283
AT F A AR s AIEE A& F methanol
acetic acid(3:1)-8-94¢] 20%4 33 A3}k

23E AZEE &dols Fupo] o] zAAz
AlFh

AL Perry$} Wolff(1974) 2] 87 Gotos (1978)
o] W-g ozt 35 the o] HAIFSIc

Az9 Zelo)l=Fad~E Hoechst 33258(5ug/ml)
(Sigma)oll 158 43 F gol242 7PA MAsL
PBS(pH=7.0)°l mount3l™] 20W3F5 10cmH &4
8217t AXF F Go|FoA AwWFetLE AAs L
60C 2 X SSC g4 2412t A3} ct. thA] Bol
2 7PiA ol AF Azt 3% Giemsag o) 30
¥ G431k

SCEAIFE 7} sxuit) 23189 Z7AEE 100080
AlobolA] Holx 307Ho]4 A&LH o2 Al 2 H
#AE SCEulxz Jehych gdaxolde 4493,
A 9 7]el(Z4, Ring, Dicentric) & 2+ FXr}c} 100—
20070% d&sHon zAEY 1 WIEE %2 et

SCEuIE= e EAMaE t— A4S AAsY

m. 4 x

1. 4, 3§ 7I=8, 200 s FEE
SCEgIT

B SR TN FIFEIAFES] TRl ulet
vl SCENIE = ¥13 gt}

H1e) X} o] thZ&F-2] SCENIEE 7.0+ 2501901
CdCLel 1 X 10'ME A9Jstas ¥EZ7H) uat o
F28A 3715 A p<0.05).

ojn} FA1E Zt 3}§HE-9] 31 SCEWI =+ NiCLe 1 X
10*M<] 11.9+ 3.9, NiSO,= 1 X 10*M9] 11.6+ 4.0, K,.Cr»

&1 X 10°M2] 163+ 4.1, CdCL¥ 1 X 10°M2) 114+
55 @ HgCLel 1 X 10°Moll A 126+ 558 vhebsic)

uel FAF F34 AFES P AHE SCEH
4= K Cr0.2.2 UEston 7ler FA8ES v
2o ke HAKFig 1). =3 KCr0; 2 CdCLel 1 X
W0MANE 38 AZEDAAZ A% 7Bse 2489
FAZSY HnH Hch
Table 1. Sister chromatid exchange frequencies in nor-

mal human cultured lymphocytes treated with
heavy metals

Concentrations of Number of

Heavy metals heavy metals(M) counted cells SCEs/ cell
Control 40 70+25
NiCl, 1 X 107 40 81+31*
1 X 10% 40 9.6+ 3.2***
1X 10° 40 9.6+ 2.9***
1 X 10* 40 119+ 39***
NiSO, 1 X 107 40 86+ 3.7**
1 X 10° 40 8.7+ 2.9**
1 X 10° 40 9.3+ 34***
1 X 10* 40 116+ 4.0**
K2Cr0; 1 X 107 40 9.6+ 3.8***
1 X 10% 40 115+ 4.0***
1X 10° 40 16.3+ 4.1***
1Xx10* 20° 152+ 4.8***
CdCl, 1 X 107 40 7.5+ 36
1 X 10°¢ 40 114+ 55***
1 X% 10% 40 11.2+ 4.1***
1 X 10* 20° 9.2+ 46%*
HgCl, 1 X 108 40 84+ 3.6*
1 X 107 40 9.9+ 4.1***
1 X 10 40 12.5+ 4.9%**
1 X 10° 40 12.6+ 5.5***
a:Mean+ S.D.
b : Only 20 cells were counted for SCEs because of low
viabilities.

* p<0.05, * * p<00]l, * * * p<0.001

2. U3, 3=, 7I=80 o5 fusl
4 AH|0[ A}

TES SHER L8 A oNIEE 29 Zrh
QA o1} FHe A AH(EUNEI), gNuA 4=,
A4 Dicentric ¥ RinggA)Eo] AU o]5 ¢
Aol Zte AXY AMVEE JAn a3 3
BiAMe FEF7H mE FriEed A9 B
iz 20% ¥§ FE57H10"MAA 10*M) ol o
2t 742+ 39, 6.1, 11.2 2 157%= Uit 13 2o 9
Aol NITE Bk T2 NiSO,9 NiCLE A4} A=
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Table 2. Frequencies of chromosome aberration in cultured human lymphocytes treated with heavy metals

Heavy Concentra- Counted Aberrant type Total aberration/
metals tion (M) cells B G D DC R counted cells(%)
Control 200 1 3 0 0 0 2.0
NiCl; 1 X 107 200 3 8 0 0 0 5.0
1 X 10 200 6 14 0 0 0 95
1 X 10° 200 2 24 0 0 0 115
1 X 10* 200 4 24 0 0 0 12.0
NiSO, 1 X 107 200 2 6 0 0 0 35
1 X 10 200 4 10 0 0 0 7.0
1 X 103 200 2 20 0 0 0 10.5
1 X 10* 200 8 16 0 0 0 115
KoCr07 1 X 107 153 2 7 0 0 0 39
1 X 10 231 5 8 0 1 0 6.1
1 X 10% 161 4 14 1 1 0 11.2
1 X 10* 172 7 17 2 4 0 15.7
CdCl, 1X 107 181 0 0 0 2 2 2.2
1 X 106 141 0 2 0 1 2 35
1 X 10° 275 4 9 2 2 0 6.2
1 X 10* 80 1 3 0 1 0 6.3
HgCl, 1 X 10 100 1 1 0 0 0 2.1
1 X107 165 0 3 1 1 0 3.0
1 X 10% 185 2 5 0 0 0 3.7
1 X 10° 172 0 6 0 0 0 34
B:Break, G:Gap, D:Deletion, R:Ring, DC:Dicentric
~ | »
) e NiCL /
Z 14} o——o0 NiSO; J
{\ = &= KoCry07 /
= LS = - t::_-: CdCly
BT 2 1) Hech
L =
% | %4 10
a i 8 r
K
& 10 8 |
& T S el
5 T I S
Z | % -nee NiCh o4t
S o—o NiSO <
e« o A----4d K,Cr;0; [ 1
3 A8 CdCly z,
@ S5F =----= HgCl, 5 2t a -
m -
0 L L L L 1 E 0 L L L 1 X
0 1078 1077 107 10% 107 0 107 1077 10°¢ 107 10°*
CONCENTRATION (log molarity) CONCENTRATION (log molarity)
Fig. 1. The frequency of SCEs in human lymphocyte Fig. 2. Incidence of chromosome aberrations in human
treated with heavy metals in vitro for 48hour (O* lymphocyte treated with heavy metals in vitro for
control). 48hour (O* control).
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Fig. 3. A comparison of gap and break frequencies in nor-
mal human cultured lymphocytes treated with nic-
kel and chrome compounds(* control).

¥l2@k AAqon CdCL ¥ HgChel F$ole 4%
o] Wixe] frolgt Wyt YUK Fig. 2).

A1 FEEEE YA A d9NdEge ¥
537t we} vizel F7b7 gldeu daAgSe
FEF7H wEt &3 gheo FrtEdon Age)
74 Break$} Gapol FEZ7lo) wa} vl4£F wiey
%7+ cH(Fig. 3).

V. 3 ot

dF FAHFTIE] GFEHIL 19303012 g8 A
AtxAl Axz FAHG oW, ol YdFL vny £
W7k 229 F3EYR2A JeEPd(JIARC monograph,
1973; Stokinger, 1981). 4% 34 H|A(As), 7I=FH
(Cd), 2E8(Cr), #&(Hp), ¥7HMn), (Pb), AE) &
(Sb), MaEU-&(Se), ot (Zn), UANDSL AP
HAEARAM F5A 423F, 7153 FNE zYsiy
e gy Astety wsks el S WHO, 19

73; Stokinger, 1981; =B{5— %, 1985). & ¥ s=&3}
A 52 48580 TAstEoE 73S 42
U= Bt AIdAbsle) dhEslel Z2dAe §FS
ol FTEFE A% Z1¥RE S WAT 4
ith(Michel®} Niggli, 1986; Fox2} Jacobs, 1986).

ger o5 AR ST e AEEAHS ¢
olR Al F7)HQ) ko] o7 FIE FAF &4%
Z T AosE 483 Bx¥AYUSTFE md
(Leonard, 1986) EwolA Aol #-43 g4 o3
(Savage, 1975)% |44 oyt Edwol Yz} et
YA 214§ Ar2 Ldeii(Perry9} Evans, 1975)
Z}oj A A B-A) 2 @ (sister chromatid exchange, SCE) &
oz AX =54 AEE s

£ AxHEE AR U, 28, 15, 23404 a8
(KLr:0n0] 718 & wWlxe] SCESH g4 Ads
439 o]l F e Hddhe Aoz Jehton] o] A
=@fs— 5(1985)¢] SCEM=9} Umedash Nishimura
(1979) 9] A <) Aot FAMIATh

4 Leonard(1986) £ Cr(VI)2 clastogenic effentE
B3l Wk Cr(l) 2 %9 238 B3, Stella 5(1982)
< A MERFAYH FAA AFo] SCES
A ) AT A S &3 whgoz Fukan
Cr()Rx} Cr(VI)ol o 73 SCES} Il 4L #
dgtn Qo 2 998 Cr(V)e] Cr() B} o
o % Zo} 47l ¥4 L (Hammond$} Foulkes, 1986)
rat®] in vivod 8ol e} o](Tsapakos, 1981; Cupos}
Wetterhahn, 1985) F9€ ZEo] ratel 7H%, A%, H
5o AXW Yl ®o] DNAS chromatins} 293Ho2M
DNA strand break$} crosslinkE €277 gj&¢Q Ao =2
AlREY E=3 35S X-Aez fdd dAaxEae
F8-& A8 (Morimoto$} Koizumi, 1981) Al#e]
S0l BE E colicl $3% DNAY §4¢
&3l (Tkeshelashvili &, 1980) 5 AT EZAL Qo
e}

YA(NiCLet NiSO) 2 AEHthe ¥A3 B4 34
22 {9 SCE 2 JAMId=E FEsiok 2,
AHujgko] wo} g FF&d e Auelw v|%=3 4
o] AtH(Sens} Costa, 1985; & 5, 1986).

Q4 A o] -2 Waksvik3} Boysen(1982) &} UAA) AL
22219 A9} Sen? Costa(1985) 2] chinese hams-
ter celllA 2231 Nishimura®t Umeda(1979) & C3H
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mouseFFIH XA FEF 7o) el Qo] TS
Hol £ Aol FARITH

wa}lA Kazantzise} Lilly(1979)¢] Aldg ¢l&% =
Aol ArteA o] AHE Jebd AL Salmonellad
vl vl XgE thFe] nadilgd ANFE]
FAR UA 53 Afsd S@AE F9FeEA Y
AL BEA3] Al7)7] g&EUd Ao Alg gk (McCann,
1975).

AZsrFEo Mo EHE NisS7t NiSET) o £4&
Bolu} UAFSel Zpztel F@AAtole) £ Rl
gom g &5 A% VA= TS A2y
F49 njgshe Aoz d2A YK Costast Molle-
nhauer, 1980).

AXY g9 YAFEES AXAYdr du=z
Eo7t A ERS} F3EE F Qe FHE &
=l (Costa 5, 1981) AtLER} EAtolA] LHTG
oluli= 4t Foll o3 &7 ¥ rHKasprzak®}t Sunderman,
1977). Nickel carbonate® 27 FA13F in vivodd
M= UAzgEo]l Al MEXAYERS} 4528
8t 2E3EE )X A (Tsapakoss, 1981) DNA si-
ngle strand break®} DNA-protein crosslinkol] 23 #
oj3led G e] w2 ¢l DNATZE ZHe heterochro-
matin - 9jol A &AL o 2M(Senst Costa,
1985) YAsi3HEC] NS dodle Ao A
s€h

FIEE(CACL) ) 9§ HAA o}4-& Umedal Nishi-
mura(1979) 2 Leonard(1986) & ¥2) 23S R}k
B Aol fAFEIY ok £§ Au| M EA w B FoS
SCEZ7IE Helon =B{E—%(1986)9 ZAARcthe
td ok I, MR $(1974)2 1 X 10°Mel A 15.
2%9) ¥ Wx9] QM 0, 1 FAME A EF ol
714 & s S Busgen, ozg 94
Aol Al n RAg A f-AA%E #Ho] Uk
(Hallenbeck, 1984). AA A= FL=Ho] metallothio-
nein(MT) 2] §4& fstd A XU MT 2oz
M AW 7tEEE AASHs EDTA9 22 chelating3l ¥
B9l #AINE wasld TRA AFom Jl=g S
CdMTE o2 243l A=EAHS dodle 5 AXHA
3 5A4& wWAE & ok

F2(HgCl) ol 218 SCEWI=E #93td J7i= o]
=BfE— 5(1985) % 3 5(1986) & AAe FALSHA

21} Morimoto5(1982)¢] AZpHth= thir W2 ghol
it Aol 4% Umedagl Nishimura(1979)9] Z=}
A FuE A gkt 1)} Skerfving 5(1970) 2 Po-
pescu 5(1979)& {7142 23 dAMqA oS B
PR FrlgeRte {7140 o Ag MEEY
uj o) vjFAIREe] MEELS A A FH Mori-
moto 5, 1982; 3 %, 1986). ol§ friFLew F7]
o) 9§t Aoy {F7|4e0] B} F& AALHAAH
At 3148 7FAM methyl mercury forme] A4
el o 70 wizdr1E 27 uEe) XS] Al
el Aoz AlEdri(Hammond$} Beliles, 1980;
Mailman, 1980; Stokinger, 1981; Hammond$} Foulkes,
1986).

=EBiE— 5(1985) & FF%9 JHUAE=E SCERL
Az ue} aF o2 o] dZ2To] di§ SCEfL
H)7} 270137 YUK 1, 14278 JFE2, FoHL
AAT SCERIEZL 100181 & A% 3, #ol4ol
Qe ZE A9x 42 ER39Y v 287 vligo]
A= 20 &30 2 o] 33 4] Gl Yk

waka] B ZAMEIAE =@E— §(1985)9] 7IE
ol BF3H 2EH 7lEt FE&Y E=AAE 4
A% 20 &5 UHXe giR2E f¥Ex 39 43
FTE& 9% SCEE 9 Idds Eddojde=
4 A SEd Roe vNaE WEg 2453 (s
3, 1986). 28y A ZE 2 UAdMe F
Uelgey F23 Jlegd A vy 2o

Iy S8 9% AXERYLE 9L, By, F
oA B mElde 1 g3 SExlez ¥ oz
HQ EFdoA d77t adrt

V. 2 o}

AR I35 oF WFYTTAN AEFASY 5
3-& golR 1A} NiCly, KoCry0r, CdCl, 2 HgCloll 93
SCERIE 2 gado)l4e 2AR Ao Ugd gt

SCE¥IEE FAIE £F4 BFAAM 5xF7H wet
279 7.20+ 259 ¥l& folstA F7HE A9 (p<0.
05), &+ 2549 3 SCEHIEE NiClL¢l < 1X10*
Mol A 11.6+ 4.0, Ko.Cr0-9] 749 1 X10°MolA 163+
4.1, CdCL} A% 1 X 10°MellAl 114+ 55 2 HgClL2l
749 1 X 10°Moll A 126+ 552 elgcl
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EF FAE wxoA M w2 SCERE F8&%
67} AFoen YA, Fl=F, £ vuFy W
SCEHI=E EYh

G o)L gap, break, 71Ete] o2 1 WEr}
Zastgon gaMoe 2t AXe AMNEE Y
A 22BN E FEF7I g FUhEJL 2
£9 A% d=F9 20% vl 1 X 10*MAAE 157
%2 71 2L @03 g Bt

Aol FHARE VA B¢ d4A gapd ¥
37 wel $3 wgow FUIF ¥bE breaks
o3 Wspl e A9 A9E gapH breakst
H&g oz FUtEL a8y 23 F=FE9
Bgelde G0l do] A fE=A il

do o

ret

T
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BB, ZAKE . SCE. IthFER/, B2k & RIEHE
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oA E, £49, AU ¥ FEFH IV =T F
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