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For quantitative evaluation of metal toxicity such as mutagenecity, carcinogenecity and
teratogenecity, it would be important to clarify an effect of the chemical forms and doses of
those metal compounds on their biological effects and a mode of action on target material
in the tissue. The major purpose of the present study is to investigate the dose-response
relationships of metals in various chemical forms on DNA damage, mutation induction, chro-
mosome abberation and influence on sperm.

The results obtained from the study for three years are as follows,

1. DNA damage in vivo.

The DNA damaging capacity of a number of metal compounds tested by 2 DNA repair test
with solid and liquid methods using F. eoli DNA repair derivatives were compared. These
tests indicated that the compounds of Cr+¢ and Sett have high capacity for DNA damage as
grade 1, those of Hg'?, Mo*® and Te* as grade 2 and those of As*®, Cd+t and V** as grade 3.
2. DNA damage in vitro.

In order to clarify a mode of action of metals, DNA degradation experiment was carried
out with calf thymus DNA and F. coli DNA. From the sedimentation profiles obtained, it
was estimated that Cr#6 and Mot® are involved in crosslink hetween DNA-protein and the
other metals induce DNA breakage directly.

3. Bacterial mutagenesis.

Mutagenic activity of the metals screened by DNA repair tests were examined by using
E. coli and Salmonelle typhimurinm strains. It was found that the compounds of As*S, Cd*?,
Hegtl, Sew, Tet apd V4% induce base pair substitution and those of Cr*® and Mo*¢ frameshift..
Each metal compound has specific dose-response relationship on their mutagenesis. It was
noticed that these relationships were influenced by Mg*+, POy~ and S04
4. Sister chromatid exchange (SCE) on human chromosome.

Frequency of SCE in lymphoeyte of cultured human celis induced by 12 metal compounds
were compared, The metals were classified into 3 groups according te the frequency, con-
trasting with positive controls such as 4NQO, ENNG and MMC.

5. Influence on sperm of mice.

By means of injection of metal compounds such as K:Cr:07 to the testicles of mice di-
rectly, induced sperm abnormality was observed microscopically at 1, 2, 3, 4 and 5 weeks
after the treatment. The ability of conception in the female mice crossbred with the treated
male and abnormality of fetus were examined. Each metals showed specific influences on
sperm formation at a certain period after injection made sterile.
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Table 1. Screening of mutagenic metal compounds by DNA repair tests

DNA repair test

DNA repair test

c _ —solid— ~—liquid—
C oncentration e RN S— [P
ompounds (mg/ml} Inhibition zone (mm)
DIGsq
WPZ WP2uvrA CM571 WPL00
NaAsO; 130 8 7 7 o+ 013
AsCly 100 (EtOH sol.) 7 7 7 10 + 0.11
NapHAsOy- TH:0 624 0 0 0 0 - 0
BeCl; 17.4 0 0 0 0 - o
CdCl, 20 0 0 2 4 + 0.24
(CH3;CO0),Cd - 2H;0 6.6 2 1 3 4 + 0.23
CrCly-6H:0 20 (Acetone sol.) 0 0 0 0 - 0o
Cr04 Powder 5.5mg 0 ] 0 o - 1]
Cr(OH)s 50 (dil. HCI sol.) 1 2 1 1 — 0
CrPoy 20 6 5 5 6 - 0
K:Cra(SO,) 28.3 0 0 0 0 — 0
K:Cr207 50 10 9 15 16 +4 1.77
K:CrQy 20 12 Il 16 17 -+ 1.05
(NH{):Cra04 12.6 7 6 11 11 + 1.02
CsCl 50 0 0 0 0o — 0 o
CuS0;-5H.0 50 S 0 2 2 - 0
FeSO,-7H,0 50 B 0 0 - 0
KiFe(CN)g-3H0 20 0 0 0 0 - 0
FeCly-6H:0 50 0 0 0 0 - 0
KnFE(CN)G 20 0 0 4] 0 e 0
GeO: Powder 5mg 0 0 0 0 - 0
HeCl 0.28 (DMSO sol.) 0 0 0 0 - 0
Powder 7.7 mg 0 0 0 0 -
CH,;HgCl 2.5 (DMSO sol.) 8 6 9 12 e 0.41
HgCl: 272 (DMSO sol.) 6 4 5 9 =+ 0.21
Lict 20 0 0 0 0 - 0 o
KMnO; 50 0 0 0 0 - 0 o
MnCly 50 0 0 0 0 - 0
MnS0,-4-6H.0 50 0 0 0 0 - 0
K:MoQ; 50 0 1] 0 0 - .31
Powder 5.1 mg 0 0 0 0 -
(NH.1)5M070,':4-4H20 30 0 0 1] 0 — 0.30
Powder 6.2 mg 13 13 14 13 -
NiClg-6Ho0 50 0 0 0 0 _ 0
NaaSe0y 20 0 0 0 0 - 0
NasSeO; 20 0 0 4 7 ++ 1.15
Se0; 20 0 0 6 7 e o 1.05
PhCl: Powder 10.9mg 0 0 0 0 — 0
TeOs 1.0 (dil. HCI sol.) 14 18 15 19 o 0.44
NaH,TeO; 1.0 (dil. HNO; sol.) 13 12 14 16 - 0.31
TIC ' 2.5 0 0 0 0 m 0
Powder 5.0 mg 23 25 20 20 - 0 B
VOCl, 55.2 (dil. HC} sol.) 2 3 4 6 T 0.20
V.05 1.0 (conc. HCl sol.) 15 13 13 15 - 0.11
Powder 5.7 mg 6 5 5 5 —
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