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During the last decade, 2 number of mutagens have been detecied in our environment
including medicines, insecticides, food additives, cosmetics, cooked foods, water, and atmosphere,
by various test systems. These tests, however, have almost concerned with the quantitative
effects of single mutagens and some detailed mechanism of their mutagenic activity. In our
environment, more than two different mutagens are coexist and have coplex effects on the human
being. In the present study, the combined effects of some typical mutagens on the induction of
muiations and chromosome aberrations were examined by using Chinese hamster V79 cells in
culture.

1. Combined effects of two mutagens having the same action mechanism.

Two chemicals used as mutagens which have the same action mechanism were ethyl
methanesulfonate (EMS) and methy! methanesulfonate (MMS). V79 cells were {reated with EMS
and MMS simultaneously for 3, 6, 9, and 12 hours. The surviving fractions and the frequencies of
6-thioguanine (6 TG)-resistant and ouabain {OUA)-resistant mutations induced by treatment with
these two chemicals were compared with the theoretical values calculated from those obtained by
treatment of cells with these two chemicals separately.

When EMS at a concentration giving about 80% surviving fraction was combined with MMS
at various concentrations, their cytotoxicity after simultaneous treatments for 3, 6, 9, and 12
hours was stronger than the theoretical values calculated from separate treatments with the
single chemicals. When the concentration of MMS was fixed to give about 80% surviving
fraction, and combined with EMS at various concentrations, the results obtained were the same.
These indicate that a synergistic effect of EMS and MMS was detected on surviving fractions of
Chinese hamster V79 cells.

When EMS at a concentration giving about 8096 surviving fraction was combined with MMS
at various concentrations, the frequency of 6TG-resistant mutations induced by simultaneous
treatment with these two chemicals for 3, and 12 hours was higher than the theoretical values
calculated from separate treatments with the single chemicals. When the concentration of MMS
was fixed to give about 8084 surviving fraction, and combined with EMS at various concentra-
tions, the frequency of 8TG~resistant mutations induced after treatments for 6 and 9 hours was
slightly higher than the theoretcal values. These results indicate that a synergistic effect of EMS
and MMS was partly found on the induction of 8TG-resistant mutations.

When an interval of 3 hours was inserted between two single treatments with EMS and MMS,
the surviving fractions obtained were higher than those obtained without interval. The presence
of this interval also reduced the frequency of 6TG-resistant mutations. This suggests that some
repair mechanism(s) may be operated in the process of induction of cell killing and mutation after
treatment with the first chemical.

2. Combined effects of two mutagens having differnt action mechanisms.

Two chemicals used as mutagens which have different action mechanisms were EMS which
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was used in the previous experiment, and cytosine arabinoside (Ara-C) which inhibits the
synthesis of DNA polymerase and produces DNA damges indirectly.

Cells was simultaneousty treated with EMS and Ara-C for 6 hours and the surviving fractions
and the frequencies of 6 TG-resistant mutations of cells were compared with the theoretical values
calculated from those obtained by treatment with single chemical of EMS or Ara-C separately.

The simultaneous treatment of cells with Ara-C at a concentration of 2 10°%M (LDy) and
EMS at various concentrations results in higher lethality of cells than the theoretical values.
When EMS at a concentration of 4 % 107*M (LDyy) was combined with Ara-C at varicus concentra-
tions and used for simuitaneous treatment of cells, a synergistic effect of both chemicals on
survival of cells was also found.

Ara-C alone had no detectable activity in inducing 6TG-resistant mutations, while EMS had
a strong mutation-inducing activity, When cells were treated with EMS in the presence of Ara-C
at concentration of 2:X 107%M (LD, the frequency of 6TG-resistant mutations enhanced as twice
as that obtained by treatment with EMS alone. When Ara-C at various concentrations was
combined with EMS at concentration of 4X1073M (LDg), the mutation frequency increased
depending on the concentration of Ara-C.

These results indicate that EMS and Ara-C had a synergistic effects on survival of V7¢ cells
and that Ara-C enhanced 6 TG-resistant mutations induced by EMS, although Ara-C alone had no
detectable effect on mutation induction of cells.

3. Combined effects of mutagens and antimutagens

The combined effcts of mutagens and antimutagens were also examined by using the same
system with Chinese hamster V79 cells. The chemical used as mutagen was EMS and the
chemicals used as antimutagen were vitamin C and its derivatives.

EMS had a cytotoxic effect on the cells, showing an LDy, of 541 yg/ml. In the presence of
vitamin C or its derivatives al concentrations of 50 or 100ug/mi, the cytotoxicity of EMS
expressed at LDg, was reduced to more than 1,000 xg/m! for vitamin C, and 639 ug/mi for
iso-vitamine C. Dehydro-vitamin C enhanced the cytotoxicity of EMS, giving an LDs, of 234 g/
mi. EMS showed a strong activity for inducing 6TG-resistant mutations in V79 cells. At a
concentration of 1,000 szg/mi, EMS induced 6TG-resistant mutations at a frequency of 88x 1075,
Vitamin C decreased EMS-induced mutations by 2/3-3/4. Dehydro-vitamin C and iso-vitamin C
also decreased the EMS-induced mutations by 1/2 to 2/8.

When cells were treated with vitamin C after treatment with EMS, the induced mutation
frequency was not affected, while pretreatment with vitamin C was effective in reducing EMS-
induced mutations. Vitamin C mixed with EMS and incubated for 2 hours in the absence of cells
had a strong effect in reducing mutations. This suggests that vitamin C was desmutagenic rather
than antimutagenic against induction of mutations by EMS,
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